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SYMPOSIUM   OBJECTIVE 
 
 

 To address issues in the application of Farming Systems Research (FSR) to development projects  
by examining on-going projects from around the world.  The Symposium is aimed at those with a 
serious interest in the theory and application of FSR and will be of particular value to persons who  
have, or are planning, field experience.   
 

DEFINITION  OF  FSR 
 
 

 The aim of FSR is to increase the welfare of the farm family by increasing its productivity and  
income.  This may be accomplished by obtaining a comprehensive understanding of the farm as an  
integrated unit of production and consumption.  Farming Systems Research involves the identification of 
cultural, agronomic, environmental, sociopolitical, and socioeconomic constraints to agricultural welfare   
followed by collaboration of an interdisciplinary team of researchers and farm families in developing  
and adopting relevant technology.  It can also help in influencing the development of  relevant policies  
and support systems.  Farming Systems Research implies a two-way flow of knowledge between farm 
families and researchers. 
 

ORGANIZATION OF THE PAPERS 
 
 

 Farming Systems Research and Extension has less than a decade of formal recognition and  
application, yet has been seen by many as a potentially integrative and innovative force in agricultural 
development.  The Symposium was designed to look at accomplishments of FSR&D and issues that are  
emerging as the approach has become fashionable and more widely applied.  The two pre-conference 
papers attempted to set out the approach, contrast it to other approaches and raise some of the current 
problems in the FSR&E community. 
 
 The Symposium was built around critical examination case studies of Farming Systems  
Research and Extension that have had a relatively long trajectory of field experience.  Hubert Zandstra,  
who has had a long multi-continent experience with FSR&E, keynoted the conference with a overview 
of the current state of FSR&E and its potential for the future.  Four field experiences were selected for  
intensive presentation and in-depth discussion by conference participants:  1) The Indonesian/IRRI 
work, particularly contrasting cropping and farming systems based upon irrigated compared to rainfed   
rice; 2) The Panamanian/CIMMYT experience in Caisan, looking at opening up new lands with a mixed 
cropping system; 3) The Syrian/ICARDA attempts to build interdisciplinary teams working with farmers  
on farmers' field in a crop-based crop/animal farming system; 4) The evolution of the CATIE method-
ology in Central America, responding to differing ecological and political conditions to work with 
national research and extension systems. 
 
 Specific problem areas of FSR&E were analyzed by the five plenary speakers on the second  
day:  1) links to the farmers, illustrated by Edgardo C. Qusumbing using the Philippines experience at   
institutional integration and reorganization as an example; 2) relations to component research programs 
and the institutional setting, addressed by William H. Judy; 3) the cost-effectiveness of FSR&D and 
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the use of stratification as an approach to increase it was presented by W.W. Shaner; 4) the contradict-
tions of field methodologies devised in the United States transplanted to developing countries were put 
forward by Frank S. Conklin; 5) evaluation of FSR&D and the conceptual errors that follow from 
viewing research and extension as a dichotomy rather than a continuum and the limitations of project 
time spans in the evaluation process were diagnosed by J. K. McDermott. 
 
 The final part of the Symposium was devoted to small group presentations and discussions of yet 
more concrete issues related to FSR&E.  All conference participants were able to attend two one-hour 
sessions, having first received the position papers of the presenters, and interchange ideas regarding the 
issues raised.  The presenters were chosen for their experience in dealing with those issues on farming 
systems teams.  Issues addressed included 1) integrating team participants, with Carol J. Pierce Colfer; 
2) identifying appropriate target populations, with Patricia Garnett; 3) goal conflict and incentives 
among institutional participants, with Nancy Axinn; 4) the role of extension, with J. Lin Compton; 5) 
organizing an FSR&E delivery system with Frank S. Conklin; 6) impact evaluation with  R. H. Bern-
sten; 7) incorporating nutritional considerations, with William P. Whelan; 8) translation of station 
experimental work to farmers’ field, with Michael.  D. Schulman; 9) long vs. short term project staffing 
with Myron Smith; and 10) the role of energy in farming systems by Richard Morse. 
 
 These papers made clear the necessity of not only systematically examining the farming system  
and its internal resources, including agronomic and economic parameters, but the containing system as  
well.  Markets for products and sources of inputs, as well as the political institutions in which the farm-
ing systems team is located, all were given particular emphasis. 
 
 Crucial in these papers were the issues raised from experience, rather than theory.  Compared to  
the Farming Systems Symposium of 1981, it is clear that concrete, applied steps have been taken.  That 
those steps raise and sharpen issues in FSR&E is expected from an approach that is both interactive and 
participatory. 
 
 
                                                        Cornelia Butler Flora 
                                                        Symposium Organizer and Editor 
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SYMPOSIUM  AGENDA 
 

SUNDAY, NOVEMBER 21 
 
5:00-7:00 pm  Registration/check-in, Second Floor Lobby, K-State Union 
 
7:00-8:30 pm  Keynote Address, Little Theatre, K-State Union.........................Chair:  L. VAN WITHEE 
                     (open to public)                           Department of Agronomy, 
                                                         KSU 
   An Overview  of  On-Going Applied  Farming Systems 
  Development  Projects:   What  are  Farming  Systems 
  and How do  They Relate  to Development? 
  HUBERT  ZANDSTRA, International Development Research Center, (IDRC), 
          Vancouver, British Columbia, Canada 
 
8:30-10:00 pm  Reception  (No  Host  Bar), Lower Level, Ramada Inn 
 

MONDAY, NOVEMBER 22 
 
7:30-8:30 am  Registration/Check-in, Second Floor Lobby, K-State Union 
 
8:30-9:00 am  Opening session, Little Theatre, K-State Union..................................Chair:  CORNELIA BUTLER FLORA 
                                                                                                   Department of Sociology, 
  Welcome, KSU President DUANE ACKER                                    Anthropology, and Social 
   Symposium Guidelines, CORNELIA BUTLER FLORA                  Work, KSU 
 
9:00 am-Noon  Presentation of case studies 
 
                 9:00 am - SURYATNA EFFENDI, Balai Penelitian Perkebunan Sembawa, Indonesia 
                                 DAVID NYGARRD, International Center for Agricultural Research in the Dry Areas (ICARDA), Syria 
 
                 10:00 am - Coffee Break, Second Floor Lobby 
 
                 10:15 am - JOSE ROMAN ARAUZ, Instituto de Investigación Agropecuaria de Panama, Caisan Project 

 
with 

                              JUAN CARLOS MARTINEZ, International Maize and Wheat Improvement Center (CIMMYT), Mexico 
 
                              LUIS  NAVARRO, Centro Agronómico Tropical de Investigación y Ensenanza (CATIE), Costa Rica 
 
Noon-1:30 pm    Luncheon     Buffet-informal interest groups, Sunflower Room, K-State Union 
 
1:30-5:15   pm    Small  group  discussion  of  case  studies 
                            (four concurrent sessions repeated four times - to be assigned at registration) 
               Small Meeting Rooms, K-State Union.................Chair: DWIGHT WIEBE 
             College of Agriculture 
                  1:30-2:20   pm  - discussion groups                     KSU 
                   2:25-3:15   pm  - discussion groups 
                  3:15-3:30   pm  - Coffee Break, Second Floor Lobby 
                   3:30-4:20   pm  - discussion groups 
                   4:25-5:15   pm  - discussion groups 
 
6:30-7:30   pm Banquet, Ballroom, K-State Union.........................Chair: VERNON LARSON 
                                                                                                    Office of  International 
7:30-9:00   pm Presentation, Ballroom (open to public)                   Agricultural   Program, 
                                                                                                    KSU 
                             FSR in a Development Context-A Comparison of  Florida 
                                         and Central America 
                              PETER HILDEBRAND, Food and Resource Economics, University of Florida 
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TUESDAY, NOVEMBER  23 
 
8:00 am-noon  FSR  Programs:   Relating  Research and Practice 
                        Little Theatre, K-State Union 
 
                   8:00 am – Links to Other Agricultural Development 
                                    Approaches...........................................................................................Chair:    CHARLES BUSSING 
                                                                                                                         Department of Geography, 
                         Linking Farming Systems Research and Extension to the Farmer-                                                                 KSU 
                                   The Philippine Experience  
                          EDGARDO QUISUMBLING,  Integrated Agricultural Production and Marketing Project (IAPMP), Philippines 
 
                          Relation of FSR to Component Research Programs  

               WILLIAM JUDY, U.S. Agency for International Development (AID), Washington, DC. 
 
                   9:45 am - Coffee Break, Second Floor Lobby 
 
                  10:00 am - Issues in FSR........................................................................................Chair:    MEREDITH SMITH 
                                                                                                                         Department of Foods and 
                         Stratification:  An Approach to Cost-Effectiveness                                                Nutrition, KSU 
                          WILLIS SHANER, Industrial Engineering, Colorado State University 
 
                         FSR/E as a Field Methodology in Third World Countries:  Its 
                                  Historical Origins, Current Functions, and Suggestions for Improvement 
                         FRANK CONKLIN, Consortium for International Development (CID), Tucson, Arizona 
 
noon-1:30 pm Luncheon Banquet, Ballroom, K-State Union..................................................Chair:    VERNON LARSON 
 
                       Presentation 
 
                         Introduction, JOHN DUNBAR, Dean of Agriculture, KSU 
 
                        Project Evaluation,  
                                   J. KENNETH McDERMOTT, International Agricultural Development Service (IADS), Washington, D.C. 
 
1:30-3:30 pm  Concurrent small group discussions of problems in FSR management   
                        (sign up for two one-hour sessions at registration - eleven concurrent sessions repeated twice) 
                        Small Meeting  Rooms, K-State Union..........................................................Chair:       GEORGE LARSON 
                                                                                                            Department of Agricultural  

 Engineering, KSU 
           a.   Integrating Participants:  Farming Systems Lessons from  Hawaii, 
                  CAROL PIERCE COLFER, Hawaii Institute of Tropical Agriculture  
                  and Human Resources, (HITAHR), Honolulu 

 
                                b.   Identifying Appropriate Target Populations, PATRICIA GARRETT,  
                                      Department of Rural Sociology, Cornell University 
 

           c.  Goal Conflict and Incentives Among Institutional Participants, NANCY AXINN,  
                   Bean/Cowpea Collaborative Research Support Program (CRSP), Michigan State University 

 
             d.   Linking Scientist and Farmer: Re-Thinking Extension's Role, J. LIN COMPTON,  
                    Extension and Adult Education, Cornell University 

 
            e.    Organisational  Deficiencies of Technical Assistance Projects Including FSR/E:   

      Points of Departure for Discussion, FRANK CONKLIN, CID, Tucson,  Arizona 
 

            f.    Evaluating Impact in FSR/D Projects-A Neglected Issue, RICK BERNSTEN,    
          Winrock  International,  Morrilton,  Arkansas 

 
                   g.    Incorporating Nutritional Considerations into Farming Systems Research, WILLIAM WHELAN, 

                                          Agricultural Economics and Marketing, Cook College, Rutgers University 



      h.    Translation of Station Experimental Work to Farmer’s Field,    
             MICHAEL SCHULMAN, Department of  Sociology and 

                                  Anthropology,   North   Carolina   State   University 
 

      i.    Long Term vs. Short Term Consultancies:  Advantages and   
                Disadvantages from an AID Mission Viewpoint, 

                                  MYRON SMITH, Board for International Food and 
                                  Agricultural Development (BIFAD), U.S. Agency 
                                  International Development (AID), Washington, D.C. 
 

 j.    Complementary Aspects of Rural Energy and Farming Systems,   
             RICHARD MORSE, East-West Resource  Systems Institute,     
             Honolulu, Hawaii 

 
 k.  Rural Women in West Africa-Key Partners in Economic Development,   
            JOCELYNE ALBERT, Program and Policy Coordination/Women in Development,   
             U.S. Agency for International Development (AID), Washington, D.C. 

 
3:30-3:45  pm  Coffee Break, Second  Floor Lobby 
 
3:45-5:00  pm  Wrap-up session on Issues In FSR with 
                         PETER HILDEBRAND, WILLIAM JUDY, WILLIS  SHANER 
                         and HUBERT ZANDSTRA..............................................................................Chair:   JOHN WHEAT 
                         Little Theatre, K-State Union                                                                                         Department of  Animal 
                                                                                                                                                                 Sciences and Industry, 
                                                                                                                                                                 KSU 
 
Adjourn 
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THE   FARMING   SYSTEMS   APPROACH   TO   RESEARCH 
 

David W.  Norman 
Kansas   State   University 

 
 
1.        Topics 
 
     a.   Introduction, objectives, and layout (section 2) 
     b.   Farming system determinants (section 3) 
     c.   Farming systems approach to research (FSAR) (section 4) 
     d.   Attributes of the FSAR (section 5) 
     e.   Methodological problems of the FSAR (section 6) 
     f.    Functions (section 7) 
     g.   Components including funding (section 8) 
     h.   Boundaries (section 9) 
 
2.         Introduction, objectives, and layouts 
 
     a. The farming systems approach to research is a product of the 1970s.  It developed due to   
 frustration over partial or complete failure of other approaches in developing technology  
 relevant for farming families located in relatively unfavorable environments. 
 
     b. There is considerable confusion over how a farming system is defined and what the farming  
 systems approach to research (FSAR) is.  It is important to have a consensus on what these are in 
 order to address the central objectives of this paper.  At the moment, the term FSAR is used too  
 loosely. 
 
     c. The FSAR is still evolving and, therefore, conventional wisdom for solving methodological and  
 implementation problems has still not developed.  However, some general guidelines are 
 emerging, but these are likely to be modified in the light of further experience. 
 
     d. After defining what a farming system is and describing what constitutes the FSAR and its   
 attributes, the foundation is laid for a consideration of the various other topics assigned to this   
 paper:  methodological problems, functions, components, and funding, and boundaries.  These 
 topics, however, are not mutually exclusive.  Therefore, there is some overlap in the discussion. 
 
3. Farming systems determinants 
 
     a. In developing countries, there is considerable overlap between the unit of production  and   
 the unit of consumption.  Thus, the means of livelihood and household are intimately    
 linked and cannot be separated (Figure 1). 
 
     b.  A farming system adopted by a given farming household results from its members, with    
 the managerial know-how,  allocating the three factors of production, i.e., land, labor,    
 and capital, to which they have access, to the three processes (crops, livestock, and off-  
 farm  enterprises) in a manner which, within the knowledge they possess, will maximize          
 the attainment of the goal(s) for which they are striving. 
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     c. The farming system is determined by the environment in which the farming family operates.   
 The "total" environment in which it operates can be divided into the technical (natural) and 
 human elements. 
 
     d. The technical element reflects what the potential farming system can be and, therefore, provides 
 the necessary condition for its presence.  The technical element can be divided into: 
 
 (1)  Physical factors-water, soil, solar radiation, temperatures, etc.  
 (2)  Biological factors-crop and animal physiology, disease, insect attack, etc. 
 
 Technical scientists have been able to modify the technical element to some extent. 
 
     e. The  human element has often been neglected in traditional research approaches to 
 development of improved technologies, which accounts for  their often being rejected or, at best, 
 being differentially adopted, thereby resulting in an inequitable distribution of benefits.  The 
 human element, providing the sufficient condition for the presence  of a farming system,   
 determines what the actual farming system will be--being a subset of the potential defined by the 
 technical element. 
 
     f. The human element can be divided into two components or groups of factors.  The exogenous   
 factors-the social milieu in which the farming household operates-are largely out of the control  
 of the individual farming household, but will influence what its members are able to do.  They 
 can be divided into three broad groups: 
 
 (1)  Community structures, norms, and beliefs. 
  (2)  External institutions or support systems.  This is often provided by government, both on the   
        input (extension, input distribution) and product (direct and indirect intervention) sides. 
 (3)  Miscellaneous influences-location, population density, etc. 
 
 On the other hand, endogenous factors-land, labor, and capital, along with management-which 
 are under the control of the individual farming household, can be used by them to derive a   
 farming system consistent with their goal(s) subject to the boundary conditions laid down by 
  the technical element and exogenous factors.  The endogenous factors can, under certain  
 circumstances, be complemented and supplemented in quantitative and qualitative terms through   
 the influence of exogenous factors-such as capital through a credit program, management via  
 extension, etc. 
 
4. Defining the farming systems approach to research (FSAR) 
 
     a. The primary aim of the FSAR is to increase the overall productivity of the farming system-  
 therefore, hopefully the welfare of individual farming families-in the context of the entire range 
 of private and societal goals-given the constraints and potentials imposed by the determinants of  
 the existing farming systems. 
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     b. Increased productivity is  achieved through two types of developmental strategies : 
 
      (1)  Farming systems research (FSR)-involving the development and dissemination of   
        relevant improved practices (technologies). 
      (2)  Farming systems perspective (FSP)-involving influencing the development of relevant  
        policies and support systems (external institutions. 
 
      c. Both developmental strategies have a "micro to macro" or "bottom-up" orientation compared  
 with the more "top-down" or "macro to micro" orientation of research work that starts at the   
 experiment station or in the upper echelons of planning ministries. 
 
      d. Given the right institutional setting and linkages, both FSR and FSP are possible.  However,   
 because FSR programs have usually been located in agricultural research institutes-primarily   
 crop oriented-often with poor linkages to planning or policy-making agencies, the  FSP has  
 usually not been operative.  Thus, the support systems have been considered parameters  
 (implying a submissive approach to them on the part of the FSR team) rather than variables  
 amenable to manipulation (implying an interventionist approach on the part of the FSR 
 team).  An interventionist approach permits a wider range of possible improved technologies to  
 be considered in the research process. 
 
      e. The term FSR has often been used very loosely.  There are programs called FSR that are not  
 FSR, and there are programs not called FSR that are indeed FSR.  The following characterizes   
 FSR: 
 
 (1)  The farm, as a whole, is viewed in a comprehensive manner. 
      (2)  The choice of priorities for research reflects the initial study of the whole farm. 
      (3)  Research on a farm sub-system is legitimate FSR, provided the connections with other sub-          
        systems are recognized and taken into account.   
   (4)  Evaluation of research results explicitly takes into account linkages between sub-systems. 
 
 Using the above characterization, as long as the concept of the whole farm and its environment  
 are preserved, not all factors determining the farming system need to be considered as variables  
 -some may be treated as parameters.  Therefore, FSR may be called FSR "in the small" (low  
 ratio of variables to parameters) or FSR "in the large" (high ratio of variables to parameters).   
 Incorporation of FSP into FSR increases the ratio of variables to parameters.  However, 
 methodological and implementation issues become more complex as the ratio of the variables   
 to parameters increases.  In addition to the methodological issue, the scope of the FSR program 
 will be partially determined by the mandate of the institution in which it is located, the effec- 
 tiveness of linkages with other institutions  and agencies, resources available, i,e., time skill,   
 finances, etc. 
 
       f. As  well as FSR programs being differentiated on the basis of the ratio of variables to  
 parameters, they can also be classified as follows: 
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 (1)     "Upstream" types of FSR programs have a developmental orientation and usually do not  
  provide results for immediate adoption by farming families.  Perhaps more aptly called  
  resource management research, "upstream” FSR programs involve using a systems  
  approach to provide prototype solutions on experiment stations to major constraints to  
  crop or agricultural improvement, e.g., watershed management, intercropping, etc. Along  
  with results from commodity research programs-reductionist research-they contribute to  
  the body of knowledge (Figure 2) and are available for feeding into the "downstream"  
  FSR programs. 
 
 (2) "Downstream" types of FSR programs, which are the main concern of this paper, have an  
  applied orientation and aim at developing and introducing strategies that will improve the 
  productivity of farming systems for target groups of farming families now and in the  
  short-run.  This requires selectively drawing upon available information, i.e., body of  
  knowledge in Figure 2, in the process of designing practices or recommendations for a  
  particular farming system on  the basis of an analysis of the constraints of that system.   
  Therefore, recommendations are produced which are suited to a specific local situation.   
  This involves working directly with farmers, i.e., on-farm research, and, as a result,  
  reducing to a minimum work on the experiment station. 
 

g.  There are four stages in applied or "downstream" FSR (Figure 2): 
 
 (1) The descriptive or diagnostic stage in which the actual farming system is examined in the 
  context of the "total" environment-to identify constraints farmers face and to ascertain the 
  potential flexibility in the farming system in terms of timing, slack resources, etc.  An  
  effort is also made to understand goals and motivation of farmers that may affect their  
  efforts to improve the  farming system. 
 
 (2) The design stage in which a range of strategies is identified that is thought to be relevant  
  in dealing with the constraints delineated in the descriptive or diagnostic stage.  Heavy  
  reliance at this stage is placed on obtaining information from the "body of  knowledge." 
 
 (3) The testing stage in which a few promising strategies arising from the design stage are  
  examined and evaluated under farm conditions to ascertain their suitability for producing  
  desirable and acceptable changes in the existing farming system.  This stage consists of  
  two parts:  initial trials at the farm level with joint researcher and farmer participation  
  (researcher managed), then farmers' testing with total control by farmers themselves  
  (farmer managed). 
 
 (4) The extension stage in which the strategies that were identified and screened during the  
  design and testing stages are implemented. 
 
 In practice, there are no clear boundaries between the various stages.  Design activities, for 
 example, may begin before the descriptive and diagnostic stages end, and may continue into 
 the testing stage, as promising alternatives emerge during the trials at the farm level-where 
 farmers and researchers interact directly.  Similarly, testing by farmers may mark the beginning 
 of extension activities. 
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5. Attributes of the FSAR 
 
     a. The objectives of the farmer (farming family) are directly incorporated into the research process.  
 The farmer is the central unit in the research process, being directly involved in the description, 
 testing and extension stages.  Involvement of farmers gives them a  "voice" in the research 
 process and ensures the use of evaluation criteria relevant to them.  For the farming family, 
 evaluation criteria for the adoption of improved practices can be divided into the following 
 groups; although it should be emphasized they are not mutually exclusive: 
 
 (1)   Necessary conditions determine whether the farmer would be able to adopt the improved  
         practices.  Such conditions would include technical feasibility, social acceptability, and      
         compatibility with external institutions-that is, support systems. 
   (2)   Sufficient conditions determine whether the farmer would be willing to adopt the improved     
         practices.  Obviously the necessary conditions will be influential in determining this       
         willingness.  Sufficient conditions will include compatibility of the improved practices with   
         the goal(s)-self-sufficiency, profit maximization, etc.-of the farming family and of the    
         farming system they currently practice. 
 
    b. Efforts are made to incorporate community and societal needs into the FSR process by    
 trying to ensure a convergence between private (usually short-run) and societal (usually     
 longer run) interests.  Examples of possible conflicts would be where satisfying short-run   
 needs of individual farming families would result on long-run societal costs in terms of  
 degradation of the natural resource base, increased inequalities in welfare distribution, etc. 
 It is necessary to develop improved strategies that will avoid such conflicts. 
 
    c. The FSR approach, by including farmers, taps the pool of knowledge in the society and    
 enables research and hence developmental strategies to build upon the good points of the  
 present farming systems, while at the same time minimizing the time spent in "rediscovering 
 the wheel"-for example, the value of intercropping. 
 

       d. FSR recognizes the locational specificity of the technical and human (exogenous and         
endogenous factors) elements.  This requires disaggregating farming families into homogenous 
subgroups (recommendation domains) and developing strategies appropriate to each.  Farming 
families in a particular subgroup will tend to have similar farming activities and to include 
similar social customs, similar access to support systems, comparable marketing opportunities, 
and similar present technology and resource endowment. 

 
    e. The whole farm perspective of FSR compels the adoption of an integrative function which 
 increases the potential of exploiting complementary and supplementary relationships between 
 resources and enterprises, and the derivation of solutions compatible with the needs and 
 capacities of farming families.  The farming systems farmers practiced traditionally recognized 
 such relationships-for example crops and livestock, staggered planting dates, etc. To ensure that 
 the integrative and beneficial relationships are adequately considered and exploited requires a 
 multidisciplinary team-both technical and social scientists-working 
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          together at all four stages of the research process. 
 
     f. The process of FSR is recognized as being dynamic and iterative with linkages in both directions 
 between farmers, research workers, and funding agencies, rather than simply the presence of 
 forward linkages characteristic of the “top-down" approach.  The iterative characteristic can 
 improve the efficiency of the research process through providing a means to fine-tune improved 
 technologies to a specific locale. 
 
     g. Finally, FSR complements, and does not compete with, other research approaches.  The 
 complementarity is illustrated through FSR contributing in two ways:  
 
 (1)   Fine-tuning through adaptive testing at the farm level those technologies developed on     
        experiment stations through "upstream" SR and the more conventional reductionist approach 
        (both contribute to the "body of knowledge").  Successful testing gives rise to successful  
        dissemination (all other things being equal), resulting in improvement of farming families'  
        welfare. 
 (2)  Failure under adaptive testing at the farm level results in closer specification of requirements 
        for improved technology development that can be fed back to experiment station based  
        research programs outside the FSR program itself.  Hopefully, this will contribute to the    
        development of improved technologies that will improve the welfare of farming families in  
        the future. 
 
6. Methodological problems of the FSAR 
 
      a.   Due to the fact that the methodology for undertaking "downstream" FSR is still going   
 through a period of evolution, a large variety of methodological issues require resolution.   
 Not surprisingly perhaps, there are often considerable differences in opinions as to how       
 severe they are and how they should be dealt with.  Some of the most frequently mentioned 
 methodological issues follow. 
 
      b. How holistic should FSR be?  As mentioned earlier, the methodological problems increase as the 
 FSR program becomes more holistic, i.e., the ratio of variables to parameters becomes higher.  
 Also stressed earlier was the fact that the present state of the art of undertaking FSR means that 
 most current work is on the crop process and is largely confined to development of improved 
 technologies.  Practical problems also restricting the scope of "downstream" FSR are the 
 mandates of institutions in which they are located, i.e., usually technical crop research institutes, 
 poor or weak linkages with other research institutions, and policy-making and farmer contact 
 agencies.  Related to the question of how holistic "downstream" FSR should be is the issue of 
 whether the policy-institutional environments should be treated as parameters or variables.  
 Increasingly in FSP, it is being suggested that these might be treated as variables subject to 
 manipulation, as suggested earlier.  This micro-macro link is important in maintaining the 
 viability of "downstream" FSR in the long-run through the added dimension it gives to creating  
 conditions conducive to improving the productivity of farming systems and therefore hopefully 
 the welfare of farming families. 
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   c.   What needs or constraints are to receive focus in the research process?  Should they be    
 those articulated by faming families, i.e., felt needs, those scientifically ascertained by   
 research workers, or those reflecting the needs of society?  As discussed earlier, criteria   
 used in developing improved strategies should reflect the needs of farming families,   
 providing they are not incompatible with the needs of society, e.g., there is not a decline   
 in soil fertility, nutritional levels, increasingly inequitable income distribution, etc.    
 Strategies developed need to ensure convergence between short-run private interests and   
 those of the society in the long-run.  Although there is, in principle, agreement with the    
 above, there is often disagreement as to how societal interests can be incorporated   
 practically into "downstream" FSR.  The problem of doing this relates to the methodological
 complexity of their incorporation and the time that would be required in     
 deriving societal impact evaluations. 
 
   d. The needs or constraints that are identified may be technical, economic or socio-cultural    
 in nature.  What approach should be used in dealing with them?  The two approaches generally 
 used are: 
 
 (1)  Accepting the constraint and developing strategies that exploit the flexibility that exists in  
        the current farming system while at the same time not further exacerbating the constraint.    
        Sociocultural constraints should not generally be broken.    
 
 (2)  Developing strategies that will overcome the constraint.  The decision as to which approach   
        to use usually depends on the constraint severity, flexibility that exists in the current farming 
        system, availability of potential improved strategies either to break the constraint or to    
        exploit the flexibility, compatibility with societal goals, etc.   
 
   e. Is it necessary for "downstream" FSR to be expensive?  It is viewed by some to be expensive 
 because of its locational specificity and, therefore, the need to focus on limited numbers of 
 farmers.  The expensive nature is emphasized because of the opportunity costs of neglecting 
 other farmers.  Thus, the quest for minimizing costs in the research process is a major issue.  
 Considerable controversy exists concerning the degree to which costs can and should be reduced, 
 and the ways in which they should be reduced.  In general three approaches are being used to try 
 to minimize costs: 
 
 (1)  Seeking ways to reduce time and resources required for moving through the four research  
        stages-methods used should be based on the degree of understanding that is necessary.  Can     
        this be done with base data analysis plus an informal exploratory (sondeo) survey and a one-     
        shot formal survey?  Or is a detailed twice weekly formal survey required for a period of one  
        year?  Can modeling techniques help improve understanding-or does this come at too high a  
        cost?  In the testing stage, should farmers be selected that are the better farmers, most   
        cooperative farmers, or simply representative farmers?  Representative farmers may not, for    
        example, be so cooperative, thereby reducing the efficiency and effectiveness of dialogue  
        and the timely conclusion of the testing stage.  Considerable controversy still exists      
        concerning the way in which these and other questions should be resolved in the interests of    
        minimizing costs and time. 
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 (2)   Finding ways to maximize the return from the location specific nature of “downstream"   
        FSR by determining the transferability of the results to other similar "total" environments.    
        Introducing some flexibility into the improved practices increases the potential of transfer- 
        ability, but this may come at some cost in terms of the potential level of return.  Is this, or   
        is this not, desirable?  Controversy exists with respect to this. 
 (3)  Seeking the best of readily available solutions-that is "better, but not necessarily best" or  
       "non-perfectabilitarian."  How much fine-tuning should there be, thereby extending the   
        testing stage? 
 
     f. In terms of developing improved practices (technologies), should emphasis be placed on single 
 trait innovations, which may preclude the exploitation of possible complementary  or synergistic 
 effects between the various components in packages of improved practices?  In theory the former 
 would be desirable, but in practice the latter are much more common.  A possible compromise is 
 to design and develop packages of improved practices that permit, in an explicit manner, a 
 stepwise approach to the adoption of the various components of the package. 
 
7. Functions 
 
     a. The location and linkages of the FSAR program will determine whether: 
 
 (1)  FSR, or helping to generate relevant improved technology, is the primary focus. 
 (2)  FSP, or helping to develop relevant agricultural policies/support systems, is the primary   
        focus. 
 (3)  If linkages are good between research and planning/implementation institutions, some mix     
       between the two may be possible, i.e., FSR plus FSP = FSAR. 
 
 At the moment, the major thrust is on developing relevant improved technologies for the crop 
 sub-system.  This is, in part, because most FSR-type programs are located in agricultural 
 research institutes whose mandates revolve around crops. 
 
     b. FSAR-type programs help generate and communicate information in the following     
 ways: 
 
          (1)  Through providing a means for farmers to communicate their needs to researchers    
        (FSR) and planning implementation agencies (FSP)-which has often been lacking in    
        the more conventional "top-down" approaches. 
          (2)  Through bringing about linkages between farmers, extension personnel, and    
        researchers (FSR), and farmers, extension personnel, and planning/implementation   
        institutions (FSP). 
 
     c. FSAR-type programs provide a "practical component" in the on-the-job training of research, 
 extension, and planning personnel, In fact, much of the skill obtained to date in FSAR-type 
 activities has been derived from longevity in the field rather than through formal training 
 programs.  Although formal degree training is not available in this general  area, short courses in 
 the interdisciplinary characteristics of FSAR-type activities are being developed at a number of 
 international (CIMMYT, IRRI), regional (CATIE), and national (ICT) institutes. 
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    d. In these various functions, FSAR-type activities perform a facilitating or integrating role rather 
 than initiating role.  Therefore, these types of activities should not come right at the beginning of 
 the development process unless funding agencies are willing to accept a long gestation period in 
 terms of achieving results.  For example, FSR programs are likely to have low immediate returns 
 if the "body of knowledge" (Figure 2) is poorly developed.  FSR activities are not a substitute for 
 experiment station based commodity research.  Such national research programs can benefit 
 from linkages with CRSPs and IRACs (provided understandable inhibitions are overcome)-
 which can provide expertise in deficient areas and provide critical masses of staff and resources 
 for looking at complex problems ("upstream" or developmental FSR). 
 
8.  Components 
 
     a.    Because of the locational specificity of FSAR-type activities, the future-particularly of “down-
 stream" or applied activities-must lie within national programs. 
 
     b.    Problems within national programs that make introduction of FSR activities difficult include: 
 
          (1)  Staff constraints:  
      - relative immobility of staff within national settings sometimes discourages changes and   
        encourages maintenance of the status quo, therefore resulting in opposition to "new" FSR     
        programs. 
                 - interdisciplinary FSR activities require the interaction of both technical and social science  
        disciplines-the latter are usually lacking in technical agricultural research institutes in   
        Africa. 
          (2)   Organizational/operational constraints: 
                 - national research programs used to be organized along discipline lines which have more  
         recently given way to programs organized along commodity lines. 
                 - however, FSR programs involve crossing both discipline and commodity lines. 
 (3)    Research resource constraints: 
      - financial and manpower constraints are both common in national settings. 
 (4)   Locational specificity of applied ("downstream") FSR programs constraint.  This constraint  
         and the fact that FSR programs work with limited numbers of farming families (hopefully    
         representative of much larger numbers) add to the perception of some of the expensive   
         nature of such research.  In arriving at such conclusions, sunk costs involved in developing   
         experiment stations, and low returns from other past research endeavors, are likely to be   
         heavily discounted or even ignored.  Because of the complementarity of "downstream"           
         FSR activities and other research approaches, there appears to be little value in comparing  
         the benefit-cost ratios of different research approaches.  However, a challenge does exist in  
         finding ways to minimize the cost of "downstream" FSR activities, a topic that was      
         discussed earlier (see section 6(e)). 
 
     c. Implications for instituting the components of an FSR program in a national setting are, 
 therefore, as follows: 
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    (1)  Be minimally disruptive in instituting an FSR activity within national programs.  It   
        is not necessary, for example, to call it FSR if this is politically unpalatable, while,   
        in order to encourage intra-institutional linkages and cooperation, it is probably not   
        always desirable -initially at least- to have a separate unit for FSR.  Improved    
        possibilities for support and commitment are likely to arise if it is grafted onto an   
        existing administrative unit, e.g., agronomy.  
 (2)  Staff and funding limitations usually require initial "pump priming” through: 
                - support from donor agencies.  This will mainly have to come from public rather than private           
        sources.  Funds and personnel from the latter source are not likely to be forthcoming for    
        institutionalizing an FSR-type program where the gestation period is likely to be lengthy          
        in terms of getting results. 
     - support through developing links with relevant IARCs that are developing expertise in  
       “downstream” FSR. 
     - recourse to advice and help from a central core group of expertise on  FSR activities (such   
        as AID in considering providing funds for at present) and Title XII Strengthening Grants in    
        the U.S. universities which are focusing on FSAR-type activities.   
 (3)  Although strong arguments can be made for locating FSR teams within current institutions,   
        attention needs to be paid to developing inter-institutional linkages, thus improving the  
        possibilities for effective FSR activities.  Chances for such effectiveness can be increased    
        through, for example: 
      - obtaining some manpower and financial commitments on the part of extension and planning/  
        implementation agencies.  The involvement of the former in the research program can    
        potentially help mend the rift that often exists between research and extension, while the         
        latter provides the opportunity for the inclusion of an FSP and the possible source of      
        agricultural economists, often lacking in technical research institutes.   
     - arranging linkages, perhaps essentially of an informal nature, with institutions/organizations   
        with expertise in "downstream" FSR.  Since "downstream" FSR is still evolving, there are       
        many methodological issues that still remain to be satisfactorily resolved. 
 (4)  If an FSP is to receive priority in FSAR-type programs -a priority that is currently rare- then   
        the logical institutional location of such program is within a development project, extension    
        program, or planning unit. 
 
9. Boundaries 
 
    a. As has been emphasized earlier, the major activities of ''downstream'' FSR programs in the future 
 must be within national programs, although linkages with external agencies and expertise will be 
 important in improving the effectiveness of national programs, particularly in solving method-
 ological problems, transferring results across national boundaries in areas with similar "total" 
 (technical and human) environments, etc. 
 
     b. Experiment station based research programs are, currently, usually organized along   
 commodity lines and have a national focus. 
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    c. Two possible ways exist for organizing ''downstream" FSR-type activities: 
 
  (1)  "FSR in the small" emphasizing a couple of products throughout the country. 
 (2)  "FSR in the large" where all products (processes) are considered as in a regionally focused   
        program.  (Such a program could still be "FSR in the small" where only the major products    
        are focused on.) 
 
        Approach (2) is currently being emphasized in preference to approach (1), with regions  
        being either defined ecologically (more relevant for an FSR program), or administratively  
        (more important where an FSP emphasis is expected), or some compromise between the   
        two. 
 
    d. In setting up boundaries for FSAR-type programs, it is essential that effective linkages are   
 maintained between: 
 
     (1)  The various regionally focused FSAR programs. 
 (2)  The regionally focused FSAR programs and the experiment station based research programs, 
        extension, implementing and planning institutions. 
 
 This can be facilitated through meetings, visits of staff to other programs, etc. 
 
10. Conclusion 
 
 FSAR-type activities are not a panacea.  They complement and help integrate and improve the 
pay-off of other activities through providing a "bottom-up" approach.  The decision whether to introduce 
FSAR activities is not an either-or decision, but rather one that can help improve the performance of 
other on-going activities. 
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FARMING SYSTEMS RESEARCH AND THE LAND-GRANT SYSTEM: 
TRANSFERRING  ASSUMPTIONS  OVERSEAS 

 
Cornelia Butler Flora* 

 
 
 American agriculture owes much of its development and strength to the land-grant system.  This 
system, based on the Jeffersonian ideal of participatory democracy, allows for members of the farm 
households who produce the bulk of our food and fiber to relate directly to researchers and extension 
agents to make their needs known.  Farmers' expressed needs then become the basis for developing 
technology and getting it out to the farm, in order to increase productivity and raise the level of living of 
farm families.  
 
 That model, so successful in the United States, has been built on a number of conditions peculiar 
to the United States that we do not make explicit. These conditions, which we take for granted, are both 
necessary and sufficient for our system of research and extension to function well. 
 
 Agricultural development has often by-passed the limited resource farmer.  Even major 
technological breakthroughs in productivity, such as the "miracle" varieties of wheat and rice, tended to 
accrue benefits to large farmers (Pearse, 1980).  Food imports are increasing in many middle-income 
countries, sapping them of much needed foreign exchange, while in low-income countries, food imports   
have not decreased and food aid remains a substantial portion of their food imports (World Bank, 1981:   
102-103).  Can the problems of small farm agriculture, which produces the roots, tubers, and grains 
(wage foods) that are the basic diet of most people in the world, be met by transferring U.S. institutional      
arrangements (even more than U.S. technology) to developing country settings? 
 
 When we begin to try to work with national governments to improve overseas agriculture   
through research and extension-particularly research and extension aimed at the limited resource farmer 
-we have to go back and look at the conditions of agricultural development in the United States.  We 
must better understand what went on in the United States in order to know what we need to do to help in 
developing a system of research and extension relating directly to people's needs. 
 
Conditions Contributing to U.S. Success 
 
 In the United States, the mandate for research and determination of who would control that 
research came through a political process.  The laws setting up the land-grant system and structuring the  
Department of Agriculture came, in part, from the pressure of the farmers themselves, who understood  
the need for improving farming processes in order to better their own lives (Rothstein, 1978).  The 
system was not imposed by colonial powers nor modeled after one already in existence in a more 
developed country.  An organized and vocal constituency for research and extension developed-the first 
condition contributing to the successful development of U.S. agriculturally-oriented institutions. 
 
 
 
*This paper is adapted from one presented at the 18th Annual Conference of the Association of U.S.  
University Directors of International Agricultural Programs, Lincoln, Nebraska, June 8-10, 1982. 
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  Further, that farmer constituency was organized both in separate pressure groups (such as the 
Grange and the Farm Bureau) and in political parties (the Democrats in the South and the Republicans in 
the Midwest).  Often white, male farmers were elected to the legislature and to Congress in order to 
articulate their needs directly to the fund providers as the land-grant system was established. 
 
 This process is very different from that experienced by the "target" farmers in development 
projects in Third World countries.  There, limited resource farmers are often marginal to the political 
process.  Such farmers control few funds and have little organization at a national level.  Their political 
clout is   negligible as a result.  The mandate for the program and the funds for the research and 
extension aimed at limited resource farmers often come from outside donors concerned about macro 
problems of food production.  While such outsiders from either international agencies or from the 
national capital city try to understand the farmers, their understanding is often incomplete because of the 
top-down nature of the programs. 
 
 Active political participation to influence policy in one's own immediate self-interest on an issue- 
by-issue basis is not always possible among Third World limited resource farmers.  Indeed, such issue 
mobilization, when it occurs, is often blocked directly by governments.  Such movements then are either 
radicalized or repressed, and often both.  (The history of the National Peasant Users' Association in 
Colombia is an example (Bagley and Botero, 1978).)  Lack of economic power translates into 
lack of political power.  Upsetting the status quo by demanding participation in program formulation-
which influences resource distribution-is often seen by those in power as revolutionary and threatening. 
 
 A second condition that we implicitly assume is the unity of goals between researchers and 
farmers.  In the United States, we knew clearly what the goals and objectives of the farming household 
were.  One of the reasons was that they were "us".  Researchers and extension agents-the employees of 
the land-grant system-came from farming backgrounds; their parents were farmers and often they 
themselves continued to farm (Busch, Lacy and Sachs, 1980).  Goals and objectives never needed to be 
much  discussed  because  they were  implicit  in  the  frame  of  reference  and upbringing of the 
researchers, the extension agents, and the users of  research-all of whom shared the same social  
background and the same experience in practical agriculture.  Almost all of the first extension agents   
were farmers themselves, and even today, some land-grant faculty are part-time farmers. 
 
 Contrast this now to developing countries. Third World limited resource farmers often are not  
able to send their sons and daughters to grade school, much less to college or graduate school to learn  
agricultural technology.  Young men or women from marginal, two-hectare farms are very unlikely to 
attend the university, and certainly when they do, few of them will wish to return to the rural areas. (A 
parallel in our country can be drawn in looking at the dearth of black agricultural scientists.  Few black 
youth who escaped the back breaking work of chopping cotton had much desire to pursue agriculture 
when they had a chance to choose a different career.)  Instead, those who get out into the formal   
agricultural research and extension system tend to be people of urban backgrounds, often from upper 
class or elite origins.  These people, if they have been on a farm at all in Latin America, have been on 
their family finca or hacienda, where they had a chance to ride horses and enjoy a pastoral weekend of 
relaxation.  But they were never engaged in the hard, physical labor of agricultural production.  Through 
training in leading U.S. universities, Third World researchers' goals tend to develop as scientists, not as 
farmers.  Their reference group will more likely be First World 
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professional journals rather than limited resource farmers.  Differences in experience in practical   
agriculture means that the kind of research developed will not necessarily be that which corresponds to   
the needs of the everyday farmers, particularly those limited resource farmers who produce most of the 
wage foods-the subsistence crops most of the poor population eat in the Third World. 
 
 A third phenomenon in the United States that does not exist in many developing contexts is 
valuing the combination of mental and manual labor.  This value stemmed from the conditions of 
production favoring freeholder agriculture.  One of the reasons the farming lifestyle has been valued in 
the United States is that the farmer controls the means of production-no one tells the farmer what to do, 
as one would an employee (Kelly, 1979).  That is to say, the farmer owns the land, or at least has title to 
it,   even if still paying off family debts.  The farm family provides the work and the farm family reaps 
the profits from that work, or shares the losses if there is a bad crop year.  Thus, in the U.S., we see 
nothing intrinsically wrong with people getting their hands dirty and sweating in the field because it is 
understood that the same people who do the dirty manual work also make decisions about planting,   
harvesting, purchasing inputs, and marketing.  They also get to keep any profits generated. 
 
 How different this is from many developing countries of the world.  Land is much less equally 
divided.  (See, for example, Barraclough, 1973, for Latin America; despite land reform, land distribution 
remains  much the same- the large farms have simply become more capital intensive (Barsky and Cosse,  
1982:52-56).)  A few landowners have a lot of land that is often farmed by sharecroppers.  Furthermore,   
even in places in Africa where land is more evenly divided, the people who make the final decisions 
about production often are in urban areas, not in the rural areas doing the manual work (Clarke, 1980; 
Bernstein, 1977).  The mistaken idea that getting your hands dirty and sweating is inappropriate for   
gentlemen and ladies was introduced by colonial masters who, because of their greater relative 
wealth, were able to hire the local population to do the manual work-defining it was inappropriate for  
those in command.  Education became a tool for getting away from manual work, not for doing it better. 
 
 A fourth condition implicit in the development of the U.S. farm economy was that of the 
complete farm family-a husband and a wife sharing management, labor, and land ownership (once   
women gained property rights).  The U.S. farm family is often a decision-making and management unit,   
with the wife keeping the farm records and discussing purchasing and marketing decisions with the 
husband.  Further, the unit of production was highly intertwined with the unit of reproduction-the 
household.  It was difficult to separate the accounting units of the home and enterprise, although all 
decisions involved allocations between them.  (See Weber, 1947:275-280, on the implications of that   
lack of separation for becoming part of a modern economy)  Division of labor by sex existed on U.S.   
farms causing the man to be defined as the farmer and the woman as home maker.  But women's labor   
has been important and, although rural-urban migration in the United States had reduced the number of 
young people on farms, the couple remains on the land.  
 
 What a contrast this complete, complementary farm family is to limited resource Third World  
farms.  Women are often active in all aspects of food production, both by custom and by necessity, as  
temporary  migration by males to participate as wage laborers in construction, extractive industries and    
cash crops for export feminizes subsistence agriculture (Deere and Leon de Leal, 1980).   In the Third 
World, division of labor by sex has also been traditional.  Even when women were the agriculturalists,  
men provided complementary labor, such as clearing the fields of plowing.  Temporary male migration   
upsets the traditional balance. 
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 A fifth condition that has aided the development of U.S. agriculture has been the ability of the  
larger economy to absorb the non-competitive farmers in other employment sectors.  Thus, our research 
and extension efforts have been able to focus on the more successful large, family farms.  This 
"solution" for marginal farmers is unacceptable in much of the Third World because other opportunities   
to generate family income are not available.  Further, because of  price and other incentive structures,    
food production in the Third World is generally carried out by these limited resource farmers, while the 
modern farmers are large and engaged in export agriculture. 
 
 A sixth condition that exists in the United States, but not in Third World countries, is the close 
cooperation between private and public sectors in adapting and distributing technological innovation.     
The relatively high purchasing power of U.S. farmers has led to the development of a strong private 
sector in rural areas that forms the link between experiment station and farmer. Private enterprise has 
had a long history of cooperation with public researchers in variety development, for example, focusing 
on adaptive breeding, releasing and maintaining breeder seed varieties, and producing high-quality plant 
seed and distributing it to farmers (Grossman, 1982).  This division of labor between private and public 
sectors has led the private sector to be that most closely responding to (and attempting to form) farmers'   
needs.  The International Maize and Wheat Improvement Center (CIMMYT) researchers have pointed 
out how, in developed countries, the agribusiness sector integrates research results into effective 
technologies.  "Developing countries rarely have these mediating entities, and the bureaucracies and 
incentive systems of public institutions do not encourage researchers to play this integrative role"  
(CIMMYT, 1981, p. 10). 
 
The Contributions of Farming Systems Research 
 
 In our agricultural development work overseas, we must continually become more aware of the 
conditions we assume exist and compare them to the conditions that actually do exist.  One tool that has 
evolved in the past decade to help in this-a tool that takes us back to some of the early research and 
extension in the U.S. land-grant  system-is Farming Systems Research and Development (FSR&D). 
 
 What is FSR&D, and how can it help us counteract the biases arising from assuming that the 
conditions in our own cultural setting exist all over?  FSR&D is aimed at increasing the agricultural 
welfare of the farm family by understanding the whole farm in a comprehensive manner.  The integrated 
demands of the unit of production/reproduction for alternative sources and uses of land, labor, capital, 
management, and equipment in the production system are related.  The totality of crops and animals, and 
their by-products, for both subsistence use and for market, as well as temporary off-farm employment, 
are included.  FSR&D involves formal, interdisciplinary problem identification in participation with the 
farm family, taking into account the needs of society as a whole.  In collaboration with farm families, 
appropriate technology is determined (usually from available technology) and evaluated on their fields 
under their constraints.  FSR&D implies a two-way flow of knowledge between farm families and 
researchers.  (See Shaner, et al, 1982, for an extensive development of this definition.) 
 
 Thus, farming systems research is, in essence, an attempt to use social and production sciences  
together to approximate the conditions of research and extension that exist in our country because of the  
relative economic equality in our society and the relative equality and similarities in background of 
farmer, researcher, and 
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extension agent in the U.S.-conditions the cannot be assumed to exist in the Third World.  FSR&D 
provides a proxy for political mobilization and pressure, a method of articulating the various goals of  
the participants (development agency, farm family, nation state), a combination of mental and manual   
work in carrying out the experiments, and awareness of labor and management availability by sex and 
age, and an unwillingness to define a farmer who is disadvantaged in relation to land or capital as 
"inefficient." 
 
 Farming systems research tries to identify the logic of the farming practices the farmer actually 
uses.  In the U.S. setting, the logic of why a farmer does something is rather clear to the researchers 
because the researchers themselves have used those practices, and perhaps grown up with them over 
time.  The researcher in the United States intuits the problem and is able to bring about a solution.  
FSR&D provides explicit problem identification for cooperative problem solving. 
 
 Farming systems research treats motivations and deals explicitly with goals-factors that we 
assume are equivalent between researcher, extension agent, and farmer in our society, but which may 
differ radically in developing societies. 
 
 The activities farming systems research looks at are broad-perhaps broader than they currently 
are on farms in the United States.  They include crop production and livestock production-these of 
course are similar-as well as the processing, storage, and marketing of crop and livestock products.  Off-
farm and non-agricultural activities must be considered as well, particularly as they impact on 
agricultural activities.  There is a trend in U.S. agriculture toward part-time farming-another set of 
factors impacting on goals, production and profit for the farm family. 
 
 As we have shifted to monoculture in U.S. agriculture, more and more processing and storage 
has taken place off the farm.  This is true despite the move toward building on-farm storage capacity  
that began in the '50s.  Combines do some grain processing, but on Third World small farms, processing  
is much less mechanized and much more likely to be carried out on-farm. 
 
 FSR&D determines what constraints are present in the society and tries to work within them.  If 
that cannot be accomplished (and generally farmers have been found to be relatively efficient give the 
inputs available), FSR&D can only be successful if it coincides with the institutionalization of provision 
of new inputs or marketing structures. 
 
 Ready availability of recommended inputs, assumed in the United States, can not be taken for 
granted in an FSR&D project.  Because the United States is a primary manufacturer of fertilizer, 
herbicides, machinery, and petroleum, it does not have the import problems that create blockages for   
inputs in developing countries.  Problems of tariffs, exchange rates, and procurement of hard currency 
here are not the obstacles to getting technology that they are in the Third World.  (Interestingly, there 
seems to be no research on risk in farm decision-making when uncertain supply of a factor of  produc-
tion is also a decision variable (Anderson, et al, 1982:425).  Risk avoidance has looked at the risk 
involved in natural phenomena-flooding, drought, etc., but not at fertilizer or improved seed that is not 
available when needed.) 
 
 Similarly, the United States does not have a dual economy separating rural and urban areas.  
Because of relatively high purchasing power in U.S. rural areas, 
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distribution systems are in place and functioning, whereas in developing countries the state often has to  
assume that role.  The problems Third World farmers have in acquiring input resources in a timely 
fashion eventually forces FSR&D to look at institutions as well as contained production systems. 
 
 In developing countries, the maintenance, development, and procurement of farm resources 
involve, for example, the gathering of manure and the making of tools, as well as the gathering of fuel 
and water that take up endless hours.  Fuel and water are a crucial part of the farming system.  They are 
essential to maintain the family to reproduce the labor necessary to continue the farm work (Hanger and 
Moris, 1973).  This mix of reproductive and productive work, in terms of the maintenance, development, 
and procurement of farm resources, and the degree to which women perform most of them, is crucial if 
we are to understand fully the constraints under which marginal producers operate (Abdulla and 
Zeidenstein, 1981). 
 
 The farming system is composed of a variety of subsystems:  social, biological, technical, and 
managerial.  All of these must be understood as they interact with each other.  Because of the lack of   
technology, the relation between the parts is often very sensitive.  In comparing overseas agriculture to 
U.S. agriculture, we find that, in the United States, technology has overcome many of the biological   
differences that cause different constraints to be important.  Irrigation, of course, is a major techno-
logical innovation that has overcome a large number of constraints in many parts of the world.  
Irrigation tends to be in the hands of large-scale landowners (Pearse, 1980:107).  In work such as that at  
the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), the complex social  
nature of putting into practice irrigation systems that take into account the needs and input of small  
farmers is being attempted (Matlon, 1980). 
 
FSR and Farm Management Research 
 
 When we talk about farming systems research, many people who have long experience in land-
grant universities shrug their shoulders and say, "That's new?  Isn't that what we've always been doing  
in farm management research?"  Certainly farm management, as it evolved, was a multidisciplinary 
attempt to look at the entire range of factors involved in running a farm enterprise, Gilbert, Norman, 
and Winch discuss briefly the relation of farming systems research and farm management research: 
 

Despite important similarities between FSR and the early forms of farm 
management research, differences are apparent in the treatment of 
motivations and the flexibility of recommendations  emerging from the 
analysis of existing farming systems.  Farm management research 
assumed  that successful farmers had to be thrifty;" hard-working, profit 
maximizers.  They would prosper, expand, and should be emulated.  As 
late as 1947, farm management was being defined as "the act of 
judiciously and skillfully managing a farm" (Boss and Pond, 1947).  
Further, much of farm management literature tended to be prescriptive in 
nature, indicating what farmers   should do to be successful rather than 
trying to understand the logic of the farming practices 
that the mass of farmers were using (Gilbert, et al, 1980:121-122). 
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 Thus, where prescription might work in the United States because assumptions about goals could 
be taken for granted, we cannot easily prescribe in developing countries, particularly among limited 
resource farmers.  We cannot assume that people want to expand, to get larger to maximize profit.   
Further, we must realize that one farmer expanding pushes another off the land, where even fewer 
chances of generating income can be found.  Families on Third World limited resource farms seek to 
minimize risk.  Often people will want to use any surplus generated for off-farm investments, instead   
of reinvesting surplus in the farm, which has been the assumption of profit use in the United States.  In 
the Third World, surplus generated is used rationally for ceremonial consumption which serves to 
further unite the community-to ward off the possibilities of divisions that would weaken everyone as   
the whole was weakened.  Surplus may be invested to send children to school. These children ultimately 
work off the farm, where chances of higher return to the investment are available.  Farming systems 
research attempts to integrate differing goals into research programs aimed at limited resource farmers. 
 
 Current farm management in the United States has as its goal the greatest continuing profit 
(Buller, 1976:1).  This assumption for limited resource farmers in developing countries cannot be taken 
for granted.  Other goals may be motivating the farm family, and these goals must be recognized and   
taken into account when technology is recommended, research is done, and results are assessed. 
 
 In farm management, as currently practiced in the United States, the assumption is that profit-
ability is the goal.  Profitability has the advantage of giving us something easy to measure.  Weber called 
it formal rationality necessary for a modern economy (Weber, 1947:184-186).  But many Third World 
marginal farms are not part of the modern economy.  Profitability can be measured by reducing inputs 
and outputs to dollars and cents, which can be easily subtracted from one another.  That single summary 
measure makes for easy comparisons between farms.  In developing countries, because we   cannot 
assume that the highest continuous profitability is the goal, we have to devise other measures of success.  
We can no longer reduce all inputs and outputs neatly and carefully to economic terms. 
 
 In the United States, early Farm Management Research (FMR) assumed that a better cropping 
mix and more judicious use of resources would improve the farm family's welfare-and maintain soil 
productivity-through higher sustainable incomes.  It took a long-term view and included costs that could 
be externalized, such as land erosion and water quality and sustained quantity.  FMR allows for an   
approximation of experimental conditions by examining existing practices to see what was the most 
profitable; it then helped farmers to apply the results of this quasi-experimental research through good 
record-keeping and problem analysis (McDermott, 1982, personal communication). 
 
 In Third World FSR, the researcher works with the farm family to decide upon appropriate   
innovations that can be introduced to increase farm family welfare, yet not contradict long-range societal  
goals.  Generally, this involves increasing profits, but reducing risk is even more crucial for the limited 
resource Third World farmer.  Maintaining a fragile ecosystem, which may be antithetical to farm  
profitability, must also be taken into account. 
 
 In early FMR in the United States, it was demonstrated that the diversified family farm was 
better able than the mono cultural farm to withstand the inevitable dips and rises in the price structure.   
Yet, because of the constraints of 
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introducing more efficient machinery to reduce labor costs and troubles, and because research was  
commodity oriented and not system oriented, agriculture steadily became more oriented to monoculture- 
and more susceptible to market trends (Flora and Rodefeld, 1978).  For the limited resource Third World 
family farm, the purchase of large, efficient equipment is impossible, even if the fuel and other inputs  
would continue to be available to run it.  Further, limited resource Third World farmers do not have the  
ability to withstand several years of bad prices if a single crop is depended on.  The family farm 
diversifies its sources of income, even if such a tactic may be inefficient in receiving the highest return 
on any single crop.  (Research carried on by Instituto Colombiano Agropecuario (ICA) in Rio Negro,  
Antioquia, shows the superiority of a cropping system using beans, corn, and potatoes over maximizing 
the yield of any one of the crops.) 
 
 Farm management, like FSR, starts with problem identification.  Identifying the problem is the 
only way to go about solving it.  However, methods of problem identification learned and shared, for  
example, by mid-western farmers, extension agents, and researchers, may be very different from both  
the logic and the perceived problems of farmers in developing countries.  Farm management research, 
as farming systems research, stresses that data are necessary in order to make the proper decisions.   
Those data involve what people actually do and the implications of these actions related to their  
perceived goals. 
 
 According to current farm management theory, the successful U.S. farmer has specific and  
definable goals and objectives (Buller, 1976).  Part of farm management practice is to help people 
develop these goals and objectives, which are primarily financial, generally within terms that are   
numerically operational, often facilitated by computer. 
 
 Less successful U.S. farmers do not have goals and are more passive (Buller, 1976).  They wait 
to see what will happen to them.  That is a more fatalistic approach, but one which is more congruent to 
people who may not control directly all the resources necessary to farm.  For example, in the developing 
countries, if you are a tenant farmer it is difficult to set goals because you cannot control what will  
happen (Griffin, 1976).  If, as in many cases, you are a woman farmer-which is increasingly likely as   
male migration to seek off-farm employment increases-your ability to control labor as well as other  
resources is greatly diminished vis a vis males (Bourque and Warren, 1981).  Setting goals and 
objectives is outside the farmer's purview when the farm has to respond to resource scarcity.  Farming is 
reactive when access to inputs is limited.  When access is even more limited because of gender and 
differential power, often caused by a colonial history (Etienne and Leacock, 1980), farming becomes 
 
 Farm management research in the United States has assumed that the farmer is male, and the 
successful   farmer "involves his wife as a meaningful helpmate in his business and community affairs" 
(Buller, 1976:4).  The assumption behind farm management research is that farming is a family 
enterprise and is only successful when this occurs.  This same assumption is held in FSR. The difference 
is that we realize that in the Third World the farmer will sometimes be female, and in certain situations 
(particularly when we are talking about limited resource farmers producing subsistence crops) the  
farmer is more likely to be female than male.  The realization of who does the farming versus who is 
getting the agricultural information is crucial.  This disjuncture must be taken into account as we try to 
overcome our cultural biases in approaching development processes. 
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 Third World farms are linked to the capitalist market in three ways:  the sale of their products, 
the sale of their labor, and the inputs they purchase.  Linkage through the sale of crops is most common 
in the United States.  Yet, the majority of the crops very often are not sold, but are consumed on the 
farm or bartered locally, particularly in parts of Africa and Latin America. 
 
 The more usual way in which the small farm in the Third World is linked to the market 
economy-that is to say to the world system- is through the sale of labor.  The farm family becomes semi-
proletarianized, with one part of the family maintaining the farm and production, and another part of the 
family selling their labor in the market (Goodman and Redcliff, 1982).  The people who sell their labor 
tend to be those who command the highest wages because cash takes priority.  These people tend to be 
males (Leon, 1982).  This leaves women in charge of production of subsistence crops-the wage foods-
that are the backbone of the economy.  Yet these crops are the least valued within that society.  Men will 
take   jobs, generally through temporary migration (Friedman, 1978; Laite, 1977) and will work in the 
harvest of cash crops, particularly export crops (Homen de Melo and Zockun, 1977).  Export crops 
include cotton, coffee, cacao, and sugar.  The men also may be involved in the construction booms that 
accompany petroleum development.  For instance, in Ecuador and in Nigeria, men will migrate to the 
urban centers to provide a low-wage construction labor force.  Employment in extractive industries,   
particularly mining, can also be the first major link with the monetary economy.  In much of southern 
Africa, the movement of males to work in the mines has left farms in the hands of females. 
 
 It is important to understand that in both farm management and farming systems research the 
increased commercialization and increased penetration of capitalism has made a sharp impact on the 
farm family,   but the way that has occurred is very different in the Third World when compared to the 
developed world.  Perhaps a good way of seeing this is through understanding where in the United 
States farm management as a science first evolved. 
 
 In the United States, farm management research was first developed in the Northeast and the 
Midwest (Case and Williams, 1957), where independent farm families controlled the land and provided 
the vast majority of their own labor.  It developed much more slowly in the south, where agriculture was 
dominated by the sharecropper-tenancy type of organization that tied the farm family on the land closely 
to the landowner for direction and financing.  That separation of the factors of production in the farming 
system reduces efficiency.  Access to and was divided from ownership.  Management was split.  Labor 
was separated from the land and, as a result, production credit was difficult to obtain.  When the goal of 
profit maximization was addressed in the South, one had to ask, "Profit maximization for whom?" 
 
 This is certainly the case in much of Latin America today.  The conditions for effective farm  
management research do not exist as we know them.  However, farming systems research, using many 
of the early principles of farm management research (particularly those that closely linked agronomy  
with the diverse goals of the farm family), can be useful.  But, in order to be most effective, we have to 
set aside our assumptions about the conditions under which research and extension take place. 
 
 First, the limited resource farmer, particularly women farmers, will not have the political   
organization and clout to influence the programs presumably 
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designed to help them.  Second, agricultural researchers and extension workers will not have the same 
social, cultural, and economic backgrounds as the limited resource farmers.  In particular, they will not  
have the same gender-related experiences.  They will not know what it is to carry water, gather wood,  
cook meals, and nurse babies while also planting, harvesting, and processing crops.  That lack of 
understanding may provide a large constraint to the development of appropriate technology and the   
adoption of innovation to increase productivity by female farmers.  Third, manual work, particularly 
women's work, will be devalued by those who work with their "heads." Respect and appreciation of the 
manual aspects of productive and reproductive work have to be developed.  Fourth, temporary male  
migration in order to increase family cash income will leave women in charge of farming.  No longer  
can we assume, "the farmer, he...”  Fifth, men usually have more control than women over the factors of 
production- the inputs to the farming system (land, labor, capital, technology, and management) both on 
and off farm.  We must understand these separations and devise mechanisms to overcome the constraints   
they entail.  Sixth, because of farmer's economic marginality, the integrative function between research  
and application performed by private enterprise in more lucrative settings will have to be assumed by 
other mechanisms, probably with strong public sector participation.  Seventh, we must deal with 
marginal farmers, who are more likely than large-scale farmers to be women, rather than simply deal  
with the modern or potentially modern sector, which is male-dominated.  Much of domestic food 
production, as contrasted with export crop production, is done by Third World women. 
 
 We must recognize and deal with the differential structural conditions of research-extension-
production and the unique roles of women within it, if we are to gain the objective of increasing the 
agricultural welfare of Third World farm families-and improve agricultural productivity and the general   
welfare throughout the world. 
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KEYNOTE ADDRESS: AN OVERVIEW OF FARMING SYSTEMS RESEARCH 
 

Hubert G. Zandstra1 
 
 
Introduction  
 
 Farming Systems Research (FSR) represents a new approach to agricultural research. It was 
formulated in response to the complex production methods encountered on small, often mixed farms in 
the developing world. Its history during the 1970's is a fascinating area for study, and shows antecedents 
of FSR in rural development, farm management economics and on-farm testing of agronomic practices. 
These divergent sources probably explain why so many different activities can bear the same FSR label. 
  
 The confusion about FSR's identify has led to disappointments among research administrators 
and funding agencies who, generally unfamiliar with FSR to start with, often obtained something they 
had not bargained for. The range of objectives and research methods that are conveniently subsumed 
under the FSR label also meant that recent students and trainees in the subject had to deal with 
contradictions and incomplete arguments. While this may not be a bad selection procedure for FSR 
practitioners, it is hardly an endearing way to deal with newcomers. 
  
 As an introduction to this symposium, I will review the more common objectives, research 
approaches, technology evaluation techniques and institutional formats encountered in FSR and describe 
their relationship to agricultural research and development activities. 
  
 This overview will also serve as a commentary on trends in methodological developments and 
problems encountered in field applications of FSR. 
  
Historical Context and General Objectives 
  
 Earlier FSR-like activities, as reviewed by Gilbert et al (1980) and Whyte (1981), were 
motivated by a desire to develop improved production methods for small farms in developing countries. 
Part of the early researchers decided to study the existing system, part opted for experimentation with 
new techniques. Those who described existing systems tended to be social scientists concerned with the 
behavior of the systems and with changing the priorities of agricultural research centres. The 
experimenters were typically agronomists, bent on conducting trials of new production techniques in an  
appropriate environment. 
  
 In the mid-seventies, researchers increasingly combined descriptive activities with 
experimentation (Garrity et al, 1981) or used experimentation as part of descriptive work (Norman, 
1974). An increased realization of the social, economic and institutional constraints under which farmers 
operate  
 
 
 
1Associate Director, International Development Research Centre, 5990 Iona Drive, Vanouver, B.C. 
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of the Centre. 

-33- 



and the complex goal structure of the family farm led to a search for new performance criteria for 
agricultural technology; criteria that would reflect the demands placed on new technology by farmers' 
goals structure and their production constraints (Zandstra et al, 1981). 
  
 Institutionally, research station bound biologists were encouraged to venture into the farm 
community and to consider economic returns and limitations to production inputs in their formulation of 
production recommendations. The emphasis on problem specification or "upstream" FSR, probably 
received its greatest impetus from International Research Centres, most of which, until recently, did not 
consider the support of location-specific technology development to be within their mandate. The ever-
suspect social scientists in these centres, therefore, had to find an acceptable justification that would 
allow them to conduct on-farm research and provide them with information about existing production 
systems and the performance of the Centre's technologies.  This information had to be convincing 
enough to change the ways of plant scientists and to change the Centre's reluctance to support 
"downstream" FSR. 
  
 The controversy about FSR activities of International Centres (CGIAR, 1978) and the difficulties 
encountered by funding agencies and U.S. universities in understanding FSR shifted the attention away 
from some of the original objectives of early workers in FSR-like research: 
  
         - To make available to small farm communities an effective agricultural research system 
  
         - To expose weaknesses in the institutional support to agricultural production from small farms 
  
         - To familiarize young researchers with the problems of small farm communities 
  
 Increasingly, on-farm research was conducted for methodological reasons, or to solve general 
commodity or disciplinary controversies. Also, the research direction and execution has become 
dominated by Ph.D. level scientists and foreigners. 
  
 On-farm FSR also became confused with assorted research activities that use a farming systems 
approach to the solution of perceived production problems such as phosphorous deficiencies, nitrogen-
efficiency or varietal performance. The FSR approach is also widely applied to identify selection criteria 
for breeders and management bottlenecks for agronomists, to test in the farm setting an imported 
production solution (ULV sprayers), or to develop a better survey or record-keeping technique. 
Although a systems research approach to the solution of these problems is undoubtedly laudable, these 
activities do not satisfy the original FSR objectives. 
  
 I suggest that the term FSR be limited to a research activity that has the following characteristics: 
  
         - Its objectives should be to generate improved technology that is acceptable to farmers of a 
 defined region, farm type or well circumscribed production  environment. 
  
         - The technology search should not be confined to a pre-conceived input (e.g. irrigation), or 
 crop animal enterprise. It should consider land use as a variable.  
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         - The technology should remain within recognized limits on the availability and productivity of 
 purchased inputs and resources of the farm and the community. 
  
         - The technology should be evaluated in its effect on all production subsystems of the farm. 
  
 For those not familiar with FSR, Appendix I provides a summary of an FSR methodology widely 
used in Asia and Central America. 
  
Research Methods 

 
 A wide range of methods is used to arrive at production recommendations for small farms. 
Recommendations are still on occasion formulated strictly from results of research station experiments. 
A better single-step approach is the direct formulation of a recommendation from an on-farm diagnostic 
study. This is similar to the farm management approach to extension used in the United States. Without 
institutional intervention this will, however, rarely lead to farmers' adoption of recommended practices 
in small farm communities of developing countries. The approach also fails to exploit opportunities 
offered by new technologies. 
  
 Recommendations are at times based on the results of widespread on-farm testing by researchers 
of fertilizer or other inputs. These tests are designed and executed by researchers who often ignore the 
farmers' method of land preparation, planting and intercropping. Beyond information on biological 
responses, such research contributes little to improve productivity of small farms. 
  
 At times, a farm diagnostic is used to complement on-station research conducted to arrive at a 
recommendation. In the best cases, this research carefully copies management procedures, input use 
(where not experimentally varied) and implements from the target farm group. This "module" approach 
is particularly common where substantial land modifications (ponds, channels, corrals) or large animals 
are involved in the research and where modifications are complex and have effects on the whole farm. 
Where farmers are involved to provide feedback on the module (Riesco, 1982), or to manage it (Nitis, 
1982), and when the design of the alternative system and its performance criteria reflect constraints  
of the farm community, the module approach combined with a farm diagnostic and farm monitoring can 
be an effective research tool. 
  
 A more desirable approach is to combine on-farm testing with research station work in a 
complete program of testing activities that provides information on the performance of component 
technology (planting date, varieties, insect control, feeding methods, etc.), that compares alternative 
subsystems to the existing one(s) and that involves farmers in the execution of trials (Work group 3 
report, in Fitzhugh et al, 1982). For crop-animal production systems, this testing will undoubtedly have 
to include comparison among sample farms with and without the alternative production method (De 
Garcia et al, 1982). This research, as well as the approach that employs modules, should arrive at a 
specification of the recommendation to be extended to farmers, the adaptation domain for the 
recommendation, and the institutional intervention (input and credit availability, price or market support, 
etc.) required for adoption. 
  
 To summarize, FSR methods must include a farm diagnostic; a valid comparison of experimental 
systems, subsystems or components to existing ones, a meaningful  
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participation of farmers in the execution and design of experiments and surveys; and the specification of 
the adaptation domain and the institutional demands of any recommended practice. 
  
Performance Criteria  
 
 Although there is still a wide range in approaches, at this day and age few agricultural 
researchers will formulate recommendations based on maximum yield or biological efficiency. Most 
will compare the alternatives they test by some economic performance measure-generally returns over 
variable costs (RAVC).  Unfortunately, many tests omit comparison with the farmers' practice, and 
where the "farmers level" is included it is often poorly simulated. 
  
 In order of increasing preference, the performance measures often used to compare an experi-
mental management component or sub-subsystem (feeding system) or subsystem (goat production 
system) to that used by the farmer are:1  
 
  1.  RAVC of the system component under study. 
  
  2.  RAVC and marginal benefit cost ratio (MBCR) of the introduced component (e.g. maize + beans 
 - sorghum, goats) and enterprise under study over the existing one. 
  
  3.  As for 2, adding checks for conflicts in resources (labour) available to the whole farm. 
  
  4.  As for 3, adding checks for conflicts with other enterprises, off-farm employment, or social 
 obligations - and adding risk considerations. 
  
  5.  Whole farm analyses using simulation or linear programming methods, including risk 
 considerations. 
  
 Experience with B.Sc. level research teams has been that the second alternative when augmented 
with detailed questioning of farmer cooperators about risks, resource conflicts and the effects on the 
remainder of the farm enterprise, is a manageable and effective approach. Although a sensitivity for high 
risk and high input alternatives should be developed, complex numerical treatment of risk is not for field 
teams. The same applies to quantitative whole farm analyses. 
  
Institutional Formats  
 
 In the loose sense of the term, FSR has been conducted by isolated voluntary groups, 
universities, temporarily funded regional development projects, and extension, research and planning 
divisions of ministries of agriculture. Although university involvement is important because of the 
educational implications, it achieves little towards providing the small farm communities with stable 
access to the country's research capability. 
  
 To achieve developmental objectives in small farm communities, FSR activities should be 
included as an on-going part of the national agricultural  
 
____________ 
 

1See for examples: Norman (1977), Jayasuriya and Price (1980), Banta (1980).  
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research program.  The framework for FSR and the methodological expression given to it must  
therefore project forward  to an institutional model that is within reach of developing country 
governments (Zandstra, 1980).  This implies a judicious allocation of research and training 
responsibilities to staff working in the farm community, in regional and central research stations and at 
universities. 
 
 The experiences gained in cropping systems in research in Asia were strongly based on an 
institution-al model (Table 1).  This model considers a national research program in which area-specific 
systems research is conducted by   interdisciplinary teams of three to four professionals with locally 
hired technicians and village assistants.  These teams are supported by a technical committee of 
experienced farming system researchers that can provide support in the design of technology and in the 
design and execution of research on the site.   Through decentralization of research decision-making, the 
site teams must become increasingly instrumental in the formulation of their research.  They must 
always be responsible for the initial analyses (be it graphic) of their results and for the presentation of 
these results to their peers and superiors.  The site research teams are completely dependent on 
provincial and nation-al research centres for their awareness of new component technology.  They 
should have access to a range of varieties of the crops with which they work and to the agricultural 
chemicals or supplements they may need to employ.  They should be kept aware of ongoing research in 
the commodities they deal with through visits and publications.  There  is a great deal of truth in the 
observation that the success of FSR depends as much  on the range of component technology available 
at the research site as on the methodological capabilities of the research team.  Too often, a lack of 
viable improved seed for forage crops and grain limits the effectiveness of on-farm research. 
 
 The structure and leadership provided to interdisciplinary teams at the on-farm research sites or 
at the national or international research level are key elements in farming systems research (Flinn and 
Denning, 1982).  The most successful research teams have a sharp focus, are small (not more than seven 
persons), and are encouraged by the team leader to arrive at a consensus through mutual discussion 
among team members.  It is therefore important to limit the scope of the teams' research activities to 
those farm enterprises on which they can have substantial impact and for which they have access to 
component technology. 
 
 The scope of FSR activities is an important consideration.  To conduct research on several crops 
requires access to a range of varieties, knowledge of different planting methods or intercrop 
combinations, a strong diagnostic  capability for damage due to diseases, insects and nutrition related 
problems,   and familiarity with experimental and measurement techniques that are specific to certain 
crops.  Adding to this a similar capability in animal enterprises can quickly overload the team's 
capability and will require technical support from a different department in the Ministry.  For these 
reasons, a careful choice of research emphasis must be made for an FSR team in a certain target area.  In 
this choice, access to expertise and existing component technology and the expected impact on the 
farming system are of course important considerations. 
 
International Support to FSR in Developing Countries 
 
 The principle objective of international support to FSR is to help national research programs 
respond to the needs of small farm communities.  It is to install a national capability through training 
and practice.  Support to such an endeavour should be in the form of collaboration, not of leadership. 
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 The whole purpose of international support to national FSR activities is to develop the national   
capability and research structure for the effective functioning of on-farm research teams and the required 
technical support and coordination at the provincial and national level.  This purpose is best served by 
assuring that expatriates do not conduct the research and that leadership and decision-making about the 
role of FSR and its institutional place remains in the hands of the recipient. 
 
 Expatriate FSR advisors can stimulate the formation of, initially, a few on-farm research teams.  
They can back those up through training, advice, analytical and operational support and encouragement.   
The research should, however, remain the responsibility of each team.  At the regional or national level,  
the advisors can encourage the coordination of operational and technical support to FSR teams.  They  
can influence support research by scientists based at research stations and in universities, involve  
students in the research and encourage the formal feedback from FSR teams to commodity programs 
through meetings and workshops.  The use of large multidisciplinary teams of expatriates in FSR&D 
projects is counter productive.  It overloads the host institution, which is kept busy to contain the  
foreigners; it shifts the responsibility for FSR implementation from the recipient to the expatriate 
institution; it emphasizes a centralized highly capable group, whereas major emphasis should be on B. 
Sc-level field teams; and it reduces the probability of selecting excellent, patient, development oriented  
advisors. 
 
 The presence of one, at the most two, expatriates, should be sufficient.  These should be young 
enough to be approachable and to learn with national colleagues, yet old enough to have had in-depth 
experience in agricultural research in a small-farm community.  They should be thoroughly familiar with 
FSR concepts and should be asked to work for an extended period with national scientists and in the 
national research organization towards an institutional model for the application of downstream FSR. 
   
 Any support to commodity and disciplinary research in the same institution, while recognizing 
the required linkages with the FSR activities, should not be labeled FSR. 
 
CHANGES IN ON-FARM PRODUCTION SYSTEMS RESEARCH METHODS: 
 
Description or Diagnostic Phase 
 
 During the last five years, continuous change took place in the methods for the description of the 
existing production systems in selected target areas.  Initially, elaborate farm surveys were the norm.  
These were generally static (once over) in nature and dependent considerably on farmers' recall of 
events in the production cycle, Many researchers found this approach cumbersome and felt that limited  
insight was obtained about biological or socioeconomic production constraints. Increasingly, initial 
surveys have changed towards more interactive studies that focused in on perceived constraints   
(Collinson, 1979; Hildebrand, 1981; Van Der Veen, 1980).  These surveys began to employ inter-
disciplinary research teams (less input from interviewers).  They continuously incorporated their 
findings into a generally agreed upon format and adjusted their questioning of farmers, community 
leaders, and key informants towards aspects that required further elaboration.  This approach has 
allowed a much quicker start of experimental work on key components. 
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 The reduced duration and cost of the diagnostic study was also encouraged by an increasing 
awareness among applied research teams that the descriptive component of FSR continues during the 
experimental research phase.  Record-keeping generally on a small number of case farms or selected 
sub-enterprise (e.g., fields, swine enterprise) continuously refines the teams’ understanding of the 
performance of the existing system.  A major advantage of this approach is that the performance of the 
existing system becomes understood in comparison with a number of alternatives. 
 
 The diagnostic phase of FSR has also improved in efficiency because FSR researchers gained 
experience in identifying which variables were critical and which variables could be measured at a later 
stage.  In this respect, further work is needed towards simple graphic representations of the mixed farm 
and the contributions of the sub-enterprises to each other, to the farm family, and to the market and vice 
versa.  Presentations such as those used by McDowell and Hildebrand (1980) and those developed by 
Hart (e.g. Hart et al, 1982) provide an excellent insight into the interactions and limits that operate on 
the farm. 
 
 These presentations of existing farming systems should give more attention to the multiple 
objectives of the animal enterprise.  For the crop enterprise, the importance of shade, litter information, 
dry season feeding of by-products or clippings and wet season use of thinnings and weeds for feed are 
still often ignored.  For the animal enterprise, the relative importance of its multiple products for 
consumption or sale (milk, meat, hides, fiber, heat, fuel, cooking fat), or for the function of the farm 
(e.g., traction, security through savings, on-farm and off-farm scavenging, recycling of nutrients, control 
of pests, capturing marginal labour) should be determined. 
 
Design of Alternative Systems 
 
 The design phase involves the formulation and ex ante evaluation of one or a number of alter-
native management components or subsystems.  It also involves the design of research techniques that 
allow the evaluation of the performance of these alternatives in a background set of management 
methods that is as close as possible to that used by target farmers and that allows their comparison to the 
farmer's methods. 
 
 Many FSR research programs have been overly hesitant to encourage field teams   to include 
substantial changes in farming practices.  This hesitation comes from numerous experiences of farmers' 
rejection of new technology.  In part, this careful approach to the formulation is also a result of our 
avowed objective to generate technology that is acceptable to farmers.  This had led to notions of 
incremental change and low input systems becoming predominant in FSR circles. 
 
 One of the most common constraints of small farm production systems is precisely farm  size 
and the farmers' limited access to inputs that would increase production.  These communities often have 
excess labour, or available labour can be created by increasing the labour efficiency of selected 
operations.  Such labour can be invested in farm improvements such as field leveling or drainage, 
building of storage structures, or in secondary production processes often involving animal   products.  It 
can certainly be used to support additional labour demands that arise from a greater production of food 
or fodder crops obtained from changes in crop varieties and input levels. 
 
 It may be instructive for research teams to approach technology design with a knowledge of 
biological potentials and an understanding of the yield gaps that 
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operate to reduce production to the level observed on farms.  By estimating the value of yield and 
production losses, researchers can then identify which constraints, when removed, will be most efficient 
in improving production per unit cost.  They can also estimate how much the additional inputs that are 
required for the removal   of the production constraints are allowed to cost. (Less than one half the value 
of the yield gap is a good starting point.) 
 
 Analyses of the reasons for the rejection of new technology by farmers reveals that they are 
generally because: 
 
         -  claims made about the benefits of technology are not realistic, because yields are lower, costs   
 are higher or product prices and acceptability are lower than those assumed by the researchers. 
 
         - infra-structural support is lacking because of lack of political will, poor management by the  
 institutions involved, or weak design of institutional support programs (credit, input availability, 
 marketing). 
 
  Extensive on-farm testing, careful economic analyses and serious consideration of farmers  
opinions helps FSR teams avoid the first set of reasons.  Research teams should be continuously  
reminded to be critical of the technology they test and to take farmers' comments seriously.  The failure  
of the delivery system, or of production programs, has become a major concern of FSR teams  
(Zandstra, 1980).  The major reasons for this failure have been that researchers were not realistic in  
their assessment of the type of infra-structural support that will be available, and that extension staff had  
not participated in the selection of the target population and in the final evaluation of the new techniques  
to be recommended.  It is therefore important for researchers to discuss with extension groups the type 
of technology they are considering and to consult them about the credit and input support this  tech-
nology may require.  FSR researchers should also participate in the design of production programs to 
ensure that the institutional pre-requisites of the new recommendations are met. 
 
 Other aspects of the design of technology that merit discussion are: 
 
         - The design process is a critical step in the functioning of cross disciplinary research.  Care must 
 be taken to avoid disciplinary bias and the team's energy should be channeled towards the 
 synthesis of feasible, and promising alternative production methods. 
 
         -  Procedures for ex ante analyses of the relative merit of alternative technologies should be 
 strengthened (Flinn and Denning, 1982).  Anderson and Hardaker (1979) conclude that skilled 
 intuition, complemented with the careful application of simple budgeting-based models, remain 
 the most useful techniques.  Skilled intuition is, however, hard to teach.  The ex ante evaluation 
 of designed technology that influences both the crop and animal production enterprise becomes 
 very complex.  The animal production sub-system can interact in many ways with the crop 
 sub-system and testing of substantial changes in animal production is difficult on small farms.  
 For this reason, at a recent meeting, animal production systems researchers emphasize the need 
 for simple whole-farm models (Li Pun and Zandstra, 1982).  These models would be used to 
 estimate the performance of designed component technology before on-farm testing.  They 
 would also be used to compare the performance of alternative sub-systems which incorporate 
 several technological innovations. 
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         - More importance should be given to the objectives the farmer has for his production activities.   
The fact that he has a few pigs scavenging around the house does not mean that he necessarily 
should become a commercial  swine producer, who would depend on the availability of 
commercial concentrates and the presence of a veterinarian.  Such a change may destroy the 
original objective of his keeping a few pigs as a low risk, low input activity on which he can fall 
back in times of need.  This does not mean his pig production methods cannot be improved.  
Improvements must, however, fit the objectives the farmer has with this enterprise.  For research 
purposes, these objectives have to be expressed in terms of imitations on cash and labour inputs 
(including by whom) and productivity and risk criteria. 

 
 
Testing Phase 
      
 Results of farming systems research have shown the importance of a critical comparison between 
the alternative introduced by researchers and the system used by the farmer.  This comparison should be 
based on as similar a data collection scheme as is possible for both sets.  The use of paired comparisons 
of both systems within land type, farm type, village and if possible, farm family is advisable. 
 
 
 Testing should actively involve farmers and, where community decisions are affected, the farm 
community.  This applies to the evaluation of simple technological components as well as to the testing 
of complete sub-systems.  In this respect it is useful to recognize a range of farmers' participation: 
 
   a) as observer, when the researcher designs and executes a trial on the farmer's land, often through   
 a rental agreement 
 
   b) as executor of a test designed by the researcher but realized by the farmer,  who conducts all 

operations.  The farmer uses his resources, often augmented by production inputs or implements 
and supervision from the researcher 

 
   c) as participant in design of the trial and its execution as under    
 
   b) as originator of the test, through partial or complete adoption of a recommendation, using his 
 own means to obtain additional inputs that may be required, from a production infra-structure 
 specifically designed for the introduction of the new technology (pilot production program). 
 
   e) as originator of the test without access to special institutional arrangements. 
 
 
 It should be emphasized that only the test situations in d) and e) can provide realistic estimates of 
the performance of the new technology.  In the case of complex alternative production systems 
involving substantial land modifications or large ruminants, it has been suggested that researchers 
should resort to cooperatively managed farmer-executed trials of the whole system.  For these trials, the 
inputs not available to the farmer will be provided through a pilot production program  that assures 
availability of credit and inputs that insures farmers a return at least equal to that obtained from his 
actual production system.  Examples of such underwritten tests of new technology are the maize and 
onion production programs described by Zandstra et al (1979) and the Zamboanga del Sur Development 
Project (Denning, 1981). 
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 There is a continued need to improve measurement and analytical techniques for performance  
criteria that can be used with confidence to separate attractive and non-attractive technologies.  These  
criteria have to be in relation to existing or designed socio-economic and institutional (tenure, 
cooperatives, credit, inputs, market, prices) structures.  It may not be an exaggeration to blame the 
absence of this analytical ability for the fear among researchers of substantial changes in production 
systems, even though there are radical changes initiated or adopted by farmers. 
 
Conclusions 
 
 The major thrust of FSR activities should be to make an effective research system available to  
small farm communities that lack economic and political power.  This objective has research 
methodological and institutional implications that should be taken into account in international programs 
sup-porting FSR research. 
 
 The term FSR should be more selectively used to refer to the inter-disciplinary research activity 
that considers all enterprises of the farm, the farm’s resource base and its environment in the 
identification of improved production systems that are acceptable to a defined population of farmers. 
 
 Groups involved in farming systems - cropping systems - or animal production systems research 
should not feel obliged to seek simultaneous technical change in all farm enterprises.  It is more 
important for them to focus on the enterprise(s) to which they can  bring to bear the required expertise 
and component technology and to make sure that biological and resource use interactions with other   
enterprises are given due consideration. 
 
 Although research teams must continue to be critical about increasing purchased inputs, the use  
of additional inputs and equipment to increase productivity should not be ignored.  More work is needed  
to insure that realistic assumptions about the availability of credit and inputs are made in consultation   
with extension services and the institutions responsible for input and credit delivery to the farm 
community. 
 
  On-farm testing of crop and particularly animal production technology requires careful 
structuring and normally is associated with difficulties.  With patience, sensitivity to farmers limitations 
and considerable dialogue with farmers, many of the technological innovations can be tested as 
individual components under farmers' management.  Continuous efforts should be made to arrive at 
more efficient test arrangements with the farm community that protects individual farmers, allows 
monitoring of inputs and results, and allows researchers to differentiate with confidence between   
existing and introduced production methods. 
 
 Much farming systems research has been conducted by international centres and highly qualified 
advisors to national programs.  Such activities were necessary to develop the needed research techniques 
and to train future members of research teams.  More emphasis should, however, be given to the training 
of national program research teams and the development of an on-site research structure  that is cheap, is 
technically and operationally well supported, has access to new technology and research methods, and 
has good links to commodity programs and extension services. 
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 Scientists involved in the development of FSR methods must therefore give serious consideration 
to the technical level of personnel that will be asked to do on-farm research in national programs.  
Research methods for on-site research teams must be simple enough for good B.S.c. level professionals,  
and analytical techniques should be such that they can be managed with hand-held calculators. 
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Table  1.  Division of responsibilities among components of a national cropping systems program. 
 
 
  Program Component                                               Responsibility 
 
 
 
Network of text sites 
 
 
 
Regional research stations (Commodity and 
disciplinary programs) 
 
 
Technical Support Teams (TST) 
 
 
 
 
 
Coordinated inter-agency Cropping System Program 
Committee (CIP) 
 
 
 
Commodity and disciplinary programs or 
departments 

 
Site description, design of improved patterns, testing,   Formulation of 
recommendations with support from Technical Support Team(s) (TST). 
 
 
Component technology research; Varietal screening, long term cropping pattern 
trials’ Performance of agricultural chemicals; Operational support to nearby sites. 
 
 
Full time team. Visit test sites to provide support in research design, experiential 
design, analyses and interpretation, ensure feedback on technical and operational 
problems to the Cropping Systems Program Committee (CIP).  Identify trainees, 
serve as trainer, organize workshops, and combine site results. 
 
 
Sets policy, selects sites, structures staff compliments at sites and in technical 
support teams, monitors methodology used, insures feedback to commodity and 
disciplinary programs or departments, identifies training needs. 
 
 
Conduct research on aspects of component technology, environmental 
classification, research methods and problems identified in on-farm test sites.  
 
 

 
From Zandstra, 1980 
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APPENDIX  I 
 

FARMING  SYSTEMS  RESEARCH  FOR   
IMPROVED  SMALL   FARM  PRODUCTION SYSTEMS 

 
 
 The following is essentially the production systems research framework used by the   
International Rice Research Institute (IRR) and the Tropical Agricultural Research and Training Centre  
(CATIE).  It consists of seven research phases, which form a conceptual sequence.  In practice, 
however, several research phases may take place at the same time. 
 
        1. Selection of the target areas.  One or more geographical areas representative of a large 
homogenous production zone are selected.  The area should be a priority area for development by the 
national government.  In this way, when the potential for increased production has been demonstrated,  
support for production programs will be given. 
 
        2. Site description.  The first activity of the research is to describe the existing farming systems,   
the physical environment, the socioeconomic environment and constraints to production.  The 
characteristics of the farm environment will decide research priorities at the on-farm  research site and at  
supporting research  stations.  At this time, the area is also divided in different land types, each of which  
may require different production recommendation. 
 
        3. Selection of land types or farming systems.  The stratification of the target area into land types is  
based on important environmental traits that are generally reflected in the type of food or forage crops 
grown and the type of animal feeding system or animal species that predominate.  Land types are usually  
differentiated on the basis of pedological, irrigation, market, climatological or social factors.  They 
should be general enough in occurrence to warrant research expenditures.  Because of the staff and   
funding limitations and to reduce complexity, the research is generally confined to one or two land types  
and the predominant farm types associated with them.  For the selected land types, the predominant  
farm types are studied in depth over time.  This occurs while other research is ongoing and continues   
through the testing phase.  This analysis concentrates on the biological and economic performance of the 
existing systems and its components.  In mixing farming systems, particular attention has to be paid to  
the competition for farm resources - cash, labour, land, at certain times of the year -, and to input  
transfers between subsystems-crops as feed, manure as fertilizer, animal power, etc.  The particular  
roles that livestock play in the farm enterprise have to be clearly defined. 
 
        4. Design of alternative systems.  This includes the design of alternative cropping patterns, feeding  
systems, animal  housing and management methods that are well adapted to the area.  The design of 
alternative production methods takes into consideration the physical and socio-economic site   
characteristics, the performance of the existing production methods and the available component 
technology for the crops and animals in the farming system.  There are numerous practices which must  
be specified at the design stage.  Many can be specified on the basis of existing knowledge and local  
methods.  Others warrant separate experiments to establish optimal input levels or time and method of  
application.  This component technology  research may be conducted  in national, regional, and local 
experiment stations or where possible in the farming systems sites. 
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   5. Testing of alternative systems.   This involves the testing of the designed systems or selected  
management components in their respective environments on the farm.  Farmers participate in the  
testing by managing the crops and animals according to the designed methods, with frequent advice and 
constant monitoring of the research staff.  Based on the biological and economic performance of 
designed systems, problems that limit intensification of production can be identified and fed back to  
discipline or commodity oriented researchers.  This scheme helps orientate such research to solve  
relevant problems of the target farmers.  The evaluation of alternative systems involves careful analyses 
of the performance of each component management change in terms of its contribution to farm 
productivity.  Where possible, a whole-farm analysis has to be used to evaluate the performance of a  
number of changes in management components that constitute the alternative system under evaluation. 
Farmers’ observations and their tendency to adopt changes in the study area are important means for the 
evaluation of alternatives. 
 
   6. Extrapolation areas.  When acceptable production alternatives have been identified, greater  
benefits from these research results can be achieved by their extrapolation to a wider area.  Identification   
of similar land types and confirmation of the suitability of the new production methods to those 
environmental homologues is a necessary step prior to extension activities. 
 
   7. Pilot Production program.  The on-farm testing and the identification of extrapolation areas for  
the recommendation have at this stage provided substantial information about the performance of the  
new production methods.  A pilot production program is often advisable before embarking on a large  
scale extension activity.  Such a program generally starts off in the original testing area and has the  
objective to identify the institutional support and intervention required to assure the successful 
introduction of the recommendation.  If successful, this experience will provide the information needed 
in the design of a full-fledged production program. 
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CROPPING AND FARMING SYSTEMS RESEARCH IN INDONESIA 
 

Suryatna  Effendi  and Jerry L. McIntosh 1 
 
Introduction 
 
 The total land area of Indonesia is about 202 million hectares.  Data indicated a total area of 5.8  
million hectares of lowland paddy.  Of this only 4.1 million hectares received some irrigation while the  
rest was swamp and rainfed lowland rice.  If we include double cropping (MC Index of 1.5) about 
94.4% of the rice production comes from this lowland paddy.  In summary it appears that 94.4% of the  
rice production in Indonesia is grown on only 10.5% of the 55 million hectares of land considered   
suitable for cultivation (Biro Pusat Statistik, 1974). 
 
  The area for future expansion of irrigated land and even rainfed lowland rice is limited.  The  
tidal swamps (pasang-surut) have received considerable attention as likely areas for expansion of  
lowland  rice production.  It is estimated that there are 18 million hectares of swamp land (not all  
pasang-surut) in Sumatera and  about 19 million in Kalimantan.  Several development schemes have 
been proposed.  There are two main problems.  Firstly, it is difficult and expensive to effectively   
control water to prevent flooding during the rainy season.  Secondly, it is difficult to provide a high 
water table during the dry season to prevent aerobic decomposition of the organic matter and  
development of acid sulphate. 
 
 In contrast to the expensive and time consuming development of irrigation and drainage  
schemes, upland crop production could  be started immediately and with little investment.  There are  
approximately 18 million hectares of flat to rolling land between the mountains and coastal swampy  
lowlands in  Sumatera and slightly less, or about 14 million hectares, in Kalimantan (World Bank,   
1974).  Much is abandoned to alang-alang.  The question that the agriculturist must ask is this:  "Can  
this vast area of land which is presently not used or, at least, underused be profitably cultivated for food   
production for a sustained period of time?" 
 
Background Idea 
 
 The problems that farmers face are always interrelated.  Attempts to solve a specific problem 
may create new  problems.  This fact creates a dilemma for agricultural researchers.  By training and  
temperament scientists like to simplify.  A common technique is to study one aspect of a system while 
holding other factors constant.  This technique is a powerful tool.  Agricultural research in developed   
countries is usually directed toward disciplines of kind of crop or animal.  This specialization permits in 
depth study of the components of a farming system.  When carried to an extreme this approach becomes 
counter productive and produces a kind of research irrelevance.  But fortunately extension and farmers  
are able to incorporate certain useful aspects of the research into the existing situation.  However, even  
in  developed countries there is a trend at present for scientists to devote more time and effort to systems 
research that address the immediate problems farmers face. 
 
 

 1Respectively Farming Systems Agronomist of the Agency for Agricultural Research and Development, 
and Cropping Systems Agronomist, Cooperative CRIFC/IRRI Program in Indonesia. 
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 Unfortunately, the interdisciplinary, integrated and holistic approach to farm research sounds  
complicated.  It does not fit the usual scientific approach that is commonly taught in colleges and 
universities.  It costs a lot of money and takes considerable time and commitment.  It is difficult to 
mobilize and maintain the interest of scientists because of the difficulty to establish one's identity, either 
personally or scientifically, in this kind of research.  But for those who identify with farmers and their 
problems, this kind of research is highly rewarding.  The reward is not monetary nor necessarily 
quantity or even quality of scientific papers, but in the realization that one is identifying problems and  
directly meeting the needs of people. 
 
 In addition to relevant problem-focused research, agricultural scientists should provide the  
technology and ideas for future agricultural development activities.  It would be expedient for these  
scientists to do the research before they are requested to provide answers.  The stimulus for agricultural 
development should come from researchers rather than the stimulus for research coming from 
development.  In this way agricultural scientists will be able to serve the country better, bring credit to 
themselves and gain support to their research organization. 
 
  A comprehensive national farming systems program by definition should address the many 
situations that exist horizontally across the country and vertically within any system.  All this is not 
possible to do at any one time.  Some logical rationale must be established for priority, scope and depth 
of re-search. 
 
Achievements 
 
 Indonesian cropping systems scientists developed a strong and comprehensive research and  
development program over the last 10 years.  It has evolved into a farming system research program. 
 
  In collaboration with colleagues in the Asian Cropping Systems Network, methodology for  
effective interdisciplinary cropping systems research has been developed.  Indonesia has demonstrated  
the effectiveness of the methodology for intensifying cropping systems on irrigated and rainfed lowland 
rice lands of Java and on the fragile and infertile upland soils of Sumatera, Kalimantan and Sulawesi.  
Except for the original research sites in Indramayu, west Java and Bandarjaya, central Lampung, most 
site selection for research has been in response to requests from various Indonesian development 
projects. 
 
 A team of interdisciplinary scientists has been trained and initiated through formal raining 
courses outside and within Indonesia and through experience in the field.  These activities have provided 
a cadre of personnel that are now ready and capable of conducting comprehensive and phased  research 
that can effectively identify and remove constraints that farmers face for increased crop production and 
economic well-being. 
 
 Farming systems research in transmigration areas and upper watershed projects has begun.  A   
precedent for successful interdisciplinary research among all research centers in the Agency for 
Agricultural Research and Development has been established. 
 
RESEARCH APPROACH: 
 
Inventory of Resources 
 
 In addition to the traditional commodity and discipline oriented research 
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activities,  we  need  to develop a systematic way of arriving at priorities for adaptive agricultural   
research for all disciplines within AARD.*  The subsequent research should precede development  
projects and even provide the initiative for such projects.  The first priority is an inventory of natural 
resources and the present agricultural situation.  A series of maps presented in a sequence from the  
edaphological classification of land, through the physical determinants and finally to the individual   
food crops and farming systems would be very useful.  It helps us see where we are and what research 
might have more relevance in all disciplines. 
 
Edaphological Classification of Land 
 
 In this classification we attempt to delineate distinct land areas that differ based on the chemical  
and physical characteristics of the soil and water environment  without reference to climate and other  
overlapping factors such as slope or land form.  As a first approximation, based on experience and data 
available, the following classifications are used for Indonesia.  In each case the amount of land area for  
each classification should be included, if  possible, on an island by island basis. 
 
      A.   Upland areas. 
 
      B.   Lowland rice areas. 
 
           1. Irrigated  -  The  following  subgroups  may  be  put  together for a national map. 
               a.  Fully (10 months) 
               b.  Partially  (7-9 months) 
               c.  Partially  (5-7 months) 
           2. Rainfed  lowland 
 
      C. Swampy areas (lebak) 
 
      D. Tidal   areas   (pasang   surut) 
 
      E. Mangrove areas 
 
Environmental   Determinants 
 
 In this section are  some of  the most  important environment factors  which determine  the  
suitability  of   land   for   crop  production.   These  environmental factors  may be looked  upon  as 
modifiers  when  used  in  combination  with  the edaphological map. 
 
      A.  Soils  map.  Soils  delineated  should  be  those  whose  characteristics necessitate  different  land   
 management  practices.  For   example, differences  in  inherent   nutrient   status  would  not  be  
 a reason  for delineating  between  two  soils  unless  one  soil  required  unusual amounts   of  
 fertilizer   for  corrective   treatment. 
 
      B.  Rainfall  map.  On  a national scale the classification  based  on numbers of  wet and  dry  months 
 are   sufficient.   At working  level  (Kabupaten) the  bar graphs which  show monthly  rainfall  
 distribution  are  more  useful. 
_______________ 
*AARD  =  Agency for  Agricultural Research  and  Development. 
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      E.  Elevation  map. 
 
      F.  Slope map. 
 
Present Use Land Map 
 
  In  development of land  or  research  objectives  within  an  area,  the  most significant  data  
available  are  the  present  land  use  and   information  obtained from farmers. 
 
 The land use information delineated can be valuable in two ways.   First of  all   it  is  useful   to  
relate  land  use,  by  distinctly  different  crops  or vegetation  which  have  ecological  needs, to  a  
physical  setting  that  can  be characterized.  Further breakdown by crops or species of plants  provide  
the "standards"  for evaluating land  capability.   They give some bases for modification  of  present  
land use  or extrapolation of  a   particular  kind  of  land use into new  areas having similar  agro-
climatic  conditions.   Secondly,  production figures  for different  food  crop  commodities  from  
different  areas  of   the  country provide  a  basis  for  comparison.   If  production  in  areas  with  
similar  agroclimatic conditions  differ greatly,  we  are  provided with  an ideal  problem  for applied 
and  basic  research  projects  that have  relevance. We have a rational basis for developing research 
priorities. 
 
Topography 
 
  The  potential  of  new  areas for  permanent  upland  cropping,  whatever the soil type involved, 
is strongly influenced  by slope,  which governs the degree to which the soil surface is vulnerable to 
erosion under cultivation.   Throughout  Indonesia, five general slope classes of agricultural significance  
are recognized: 
 
      1.  Swamp.   A  general  term  for  all   land liable  to  inundation  where the primary requirement  
 for  development  is  control  of   drainage. 
 
      2.  Slope  0-3%.   Land, soil  and   climate permitting, capable  of being safely developed  for   
 annual   cropping  with   little  or  no  modification  to  surface   geometry. 
 
      3. Slope  3-8%.  Land  capable of  being  safely developed  for annual  cropping provided surface   
 geometry is modified by  terracing, contouring,  etc. to control surface water flow and  associated  
 soil   loss. 
 
      4.   Slope  8-15%.  Land suitable for annual cropping but which may be safely developed  for   
 perennial   tree  crops. 
 
      5.   Slope  more  than  15%.   Land unsuitable for  agricultural  development. 
 
 Slope  may  interact with soil type in that,  at a  given  slope,  some soils are  more  prone  to 
surface  water movement than  others owing  to differences   in permeability,  and/or  are  more  liable to 
erosion  because of  differences in stability  of the soil surface. 
 
 A summary  of slope data  for most of  the other  islands is given in  Table 1. Out  of a  total  area   
of  162 million  ha (85%  of   the  total  for Indonesia), only 10%  is in  the 0-3% class  and  6.8%  in the  
3-8% class.  Thus, by this estimate, 
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80%  of  the  upland area of  the Other  Islands is considered unsuitable for  permanent annual cropping  
on the basis of  slope alone, without reference to soil type.  It should be borne in mind that the  areas 
referred to in Table 1 comprise  both occupied and unoccupied land;  the categorization  of  unoccupied 
land  by  slope is  considered as  Land  Use   Potential. 
 
Table  1.   Land in the Other Islands classified by slope* 
 

 

 Slope class 
Region  0-3% 3-8% 8-15% 15%  
 Swamp slope slope slope slope Total 
 ----------------------------------------------(1,000 ha)--------------------------------------------------
 
 
Sumatera 

 
13,211 

   
  8,491 

   
  4,102 

 
1,844 

 
19,712 

   
  47,360 

Kalimantan 12,764   3,693   4,778 3,308 29,402   53,946 
Sulawesi      469      955      806    927 15,747   18,904 
Irian-Jaya 12,980   3,606   1,288    844 23,477   42,195 
       
    Total 39,424 16,745 10,975 6,923 88,338 162,405 
       
    Percent 24.3 10.3 6.7 4.3 54.4 1000 

Climate  and  Temperature 
 
  As   a  consequence of  its   latitudinal   spread across  the  equator, the   climate of  Indonesia is  
either  wet  tropical   or   monsoonal.  The  amount  of   rainfall   declines   from  the  wet  tropical  land  
masses of  Sumatera,  Kalimantan  and  Irian  Jaya to  the  drier   monsoonal climates  of   Java  and  the  
eastern islands.  Virtually   all of  Sumatera, Kalimantan  and  Irian  Jaya  experience less  than  3  
months of   the year  with   less than  60  mm   of  rain.  Total   annual rainfall  varies from   nearly 
5,000  mm  to   less  than  1,000  mm  throughout the  archipelago, but  the  major  concentration  of   
crop  production  is   in  monsoonal  climates  in   rainfall  zones of   1,000-2,500 mm with a  single dry  
season 3-6  months duration. 
 
  Average annual temperatures at sea level do not vary greatly throughout the archipelago.  Mean 
annual  maximum and  minimum   temperatures normally are   in  the range  31-33  C  and  22-24 C  
respectively.  Seasonal temperature ranges are   also narrow,  being   less  than  the  diurnal  range,  and  
broadly  speaking, except  at  high altitudes,  temperature  is   not  a  major  factor  limiting  the  growth  
of   the   main food  crops  at   any  time  of  the  year.  Seasonal  cropping  patterns are  thus   governed 
almost  wholly   by   rainfall  duration,   irrigation  and  soil   water  storage  capacity, and the range  of  
food  crops  grown  is  virtually the  same across  the  whole  of Indonesia.  There is, as might   be 
expected, a greater   proportion of  rice   grown in  the  wetter  region.  Corn production is  associated 
with   the   drier  regions.  The location of cassava  production  shows  no  clear   relation  to  rainfall. 
 
 
*Source:  Muljadi, D.  (1977).  Sumber daya tanah  kering, penyebaran dan potensinya untuk  
kemungkinan  budidaya  pertanian.  Kongres  Agronomi. 
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Land   Capability 
 
  Mapping  of  the  land resources  of  Indonesia  as  a  whole  specifically for the  purpose  of  
agricultural  development  is  still  evolving.   To  meet  the  need for   getting  information  of  
Indonesia's   land  resources  for  development   it  is necessary  to  proceed  in   an  orderly and  logical  
fashion,  from  the  reconnaissance of  large  areas  to  the  selection  and  survey  in  greater  detail   of  
specific  areas, involving   the   integrated  assessment  of   soil,  topography, climate,  etc., with the  
results extended  and  refined.  This effort should  be  done  by  a  team composed  of  soil scientists,   
geomorphologists,   ecologists,   agro-climatologists, hydrologists  and  to  a  lesser degree economists. 
 
Current Land Use:   General Land Use 
 
 Agricultural  land  under  annual  crops  is  divided  into  sawah  and  upland. Sawah  is  defined 
as  land within bunded  fields  in which  rice  is grown  under flooded condition  (but  in  which  upland  
or  secondary crops  such as corn, cassava, sweet  potatoes, peanuts, soybeans,  etc., may also be  grown,  
under non-flooded conditions, as  part  of  the  rotation).  The   term upland in Table 2  covers all areas  
under  annual  crops  excluding  sawah  land.  Since  in  Indonesia  there  is virtually  no   irrigation   of   
fields  that  are  not  constructed  as  sawahs,  the  term upland  when  applied   to  physical   land   areas  
signifies  land  used  for  rain-fed cropping. 
 
Table  2.   Summary of estimated land for annual crops 1981* 

 
 
*Excludes  smallholder  and  estate  perennial  crops,  pasture,   forest  and   fallow. 
 
**The  term   sawah   refers  to  rice   fields,  irrigated  or  watered  only  by  rainfall,  which  have  low   
banks  or  "bunds"  built around them  to  retain  water. 
 
  The  total  area  in  Indonesia under  annual  crops,  both  sawah and upland, is thus  estimated at 
9.2  million  hectares.  In  Java  66% is  sawah and  34% upland, and  in  the  Other Islands 53%  sawah 
and 47%  upland,  However,  certain provinces in the  Other  Islands,  for example Aceh, West  
Sumatera,  South  Kalimantan, South Sulawesi  and  West  Nusa  Tenggara, show  a high proportion  of 
sawah  to  upland.   
 

The  planted areas  of estate and smallholders by  crops  are shown  in  Table  3. 
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 Table 3. Planted areas of estates and smallholder by crops 1979* 
 
Crops  Estates  Smallholders  Total 
  ---------------------------------------------(1,000 ha)-------------------------------------------------- 
    
 
Rubber                              443.4        1,858.6                2,302.0 
Tea                                66.6                        36.0                   102.6 
Coffee                                38.3                      455.4                   493.7 
Oil palm                             229.2               -                   229.2 
Chinchona                                 3.6                          -                       3.6 
Sugarcane                             167.7                      118.7                   286.4 
Tobacco                                  9.4           137.5 (local)                  182.7 
                                                   35.8 (Virginia) 
Fibre                                   0.6                                    -                                                     0.6 
Cocoa                                14.6                                   6.8                                                21.4  
Coconut                                         17.5 (in 1975)            2,386.7                                           2,404.2 
Nutmeg                                   -                                    51.4                                                51.4 
Cassiavera                                        -                                    69.7                                                69.7 
Pepper                                   -                                    58.3                                                58.3 
 
*Source: Central Bureau of Statistics  
      
 Area and percentage of  the forest by its function in Indonesia  is resented in Table  4. 
 
Table  4.   Area and percentage of the forest by its function in Indonesia 
 
 
Forest function                         Area     Percentage 
                        in 1,000 ha 
 
Protection  Forest                                          14,181    11.60 
Production  Forest                                         63,162    51.68 
Nature Conservation                                       7,910      6.47 
Reserved Forest                                            36,974    30.25 
               
 Indonesia                                         122,227                        100.00 
 
 
Forest  Selection  of  Target  Area 
 
 Farming systems research is a coordinated and integrated effort to develop technology that will  
enable farmers to increase production.  The technology must be acceptable to the farmers who will use 
it.  In some cases it may be desirable to identify and remove constraints to the farmers through 
government programs.  The increased production may result from better management of present farming 
systems, introduction of an extra crop(s) or form of husbandry per year (intensification), or expansion of 
agricultural activities into newly opened under-used land areas (extensification). 
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 The research is carried out by a coordinated group of scientists from various disciplines.  It is   
focused upon specific target areas to make more efficient use of research staff and funds.  The selection 
of target areas for farming systems research is very crucial.  The Indonesian program emphasizes the 
following criteria for selection of target areas: 
 
      1.   Critical areas in terms of food shortages and governmental designation. 
 
      2.   Large areas having similar soils and climate. 
 
      3.   Feasibility of intensifying cropping patterns and farming systems based on prior evidence. 
 
      4.   Availability of markets and infrastructure. 
 
  A diagram for cropping or farming systems research in Indonesia (Figure 1) shows five distinct 
phases, associated research activities and approximate time frame that follow after selection of the target 
area. 
 
 The present concentration of food crop production on Java is largely a reflection of the 
abundance of soils of volcanic origin, together with the relatively fertile lowland alluvial soils.   
Historically, these soils have permitted a steady increase in cropping and hence human population on 
Java from estimated 5 million in the early 19th century to the current 80 million.  The increase in 
population has been accompanied by a progressive intensification of land use in both lowlands and 
uplands to the point where Java may be considered as fully exploited for cropping.  There are areas in 
Java which should be retired from annual cultivation and put under a permanent tree cover, for the 
protection of catchments draining into more closely settled lowland regions.  Although there is scope for 
intensification on Java, the future expansion of the area under food crops will occur almost exclusively 
on the islands outside Java. 
 
 With respect to the Other Islands and the development of new land, interest centers on the 
swamp soils (about 24 million ha) and the red yellow podzolics and their associated complexes with 
other soils (about 48 million and 54 million ha respectively).  The swamp lands are largely located in 
Sumatera, on the eastern flank, in Kalimantan and in Irian Jaya.  Red-yellow podzolics and their  
associated complexes are also found mainly in Sumatera, Kalimantan  and  Irian Jaya;  in addition, the  
complexes are well represented in Sulawesi. 
 
Edaphic Target Area 
 
  Target areas for farming systems research may fall within one agro-climatic region or a distinct 
edaphological land area.  For farming systems in which crop production is dominant, we attempt to 
delineate distinct land areas that differ based on the chemical and physical characteristics of the soil   
and water environments.  For example, land for lowland rice is different from land for upland rice even   
though the soil, climate and other overlapping factors such as slope or land form may be the same.  This 
approach is very useful for developing cropping systems technology across political boundaries.  This is   
the basis for specifying the characteristics of national production programs for upland crops, irrigated  
lowland rice and rainfed lowland  rice.  Consequently, for food crop based farming systems research, the  
identification 
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and delineation of the following edaphological conditions is useful such as: A.Upland;  B. Lowland rice:  
irrigated,  partially irrigated and rainfed;  C. Swampy;  D. Tidal (pasang surut) and E. Mangrove. 
 
Development Target Areas 
 
 In many instances the target areas will be in less developed regions and consist of many  differ-
rent ecological conditions.  This is true for many new transmigration, watershed, and rural development 
projects delineated by policy decisions.  Because we are dealing with farming systems, as  a priority 
land not suitable or not designated for settlement and use by small farmers should be delineated.  The 
delineation of conditions might be as follows:  A. Forest and wildlife preserves; B. Forest concessions;  
C. Range land for animal production;  D. Perennial crop estates;  E. Farming  systems;   1. Mixed 
farming, 2. Food crops based. 
 
Research 
 
 Traditionally agricultural research has been organized and administered according to disciplines  
and crop commodities.  This approach is useful and will likely continue to provide much of the 
technology for the basic components of cropping and farming systems. 
 
 It has become evident that identification of more specific research issues is desirable to provide  
guidance to  research administrators for concentration of research personnel and funds.  Cropping  
systems research has identified specific research issues that need further study and has "fed  back" this 
information to the institutionalized research centers. 
 
 At this stage in the development of cropping and farming systems research, the present status  
and some priorities for further research may be outlined as follows:   
 
 Rainfed upland agriculture   -- 
 
 a.  Food crops agriculture is needed but primarily for subsistence. 
     Status:  Basic cropping patterns have been identified and Research Centers will continue to        
                  provide component technology. 
 
 b.  Other agricultural enterprises in addition to the food crops component are required  to raise  
      the standard of living. 
 
      Status:  Farming systems research is needed to identify the next most appropriate farm  
        activities and the relative proportions of each component to be included in the              
                   systems. 
 

c. Upland farming systems components need more development and testing before evaluation 
on site.  An upland Farming Systems Field Laboratory is needed to provide the environment 
for such research. 

Research Center On Site Research 

Upland Farming Systems 
Field Laboratory 
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 d. Upland areas of Indonesia may be conveniently divided into the following categories for  
  research purposes. 
 
  Humid upland rainfed areas 
  Drought prone areas 
  Upper river watersheds 
 
      Lowland rice areas -- 
 
 a. Cropping systems research has developed strategies and cropping patterns for these areas.  
  The strategy is to grow lowland rice wherever feasible and follow with legumes. 
 

Status: Institutionalized rice research is sufficiently strong to continue to supply 
technology for this crop.  Technology for legumes is available, but support in 
terms of seed supply and distribution is weak.  Mater management to facilitate 
introduction of soybeans in the cropping patterns, for example, need more on site 
study. 

 
      b. For all three categories: irrigated, partially irrigated and rainfed lowland rice lands, water  
  management is a most important research issue at the present time. 
 
 Deep water and tidal areas -- Present research is preliminary and will provide the bases for future 
 in-depth research. 
 
 Research activities on irrigated land have been underway for a long time, while little has been 
done on rainfed upland agriculture.  The focused of this paper will be primarily farming systems 
research and development on rainfed agriculture. 
 
Rainfed Agriculture 
 
 Development of rainfed agriculture was adopted and reaffirmed as a major priority area of action 
in Indonesia.  Technical complexity of this task was well recognized and several lines of priority action  
were recommended. 
 
 We recognized that much remained to be done to translate scientific break-through into 
compareable increases in production and prosperity at the farm levels.  It emphasized the need to work 
at levels closer to the attainable possibilities within the predominant framework of small farms and 
institutional constraints in Indonesia and to arrive at a level of improved technology entailing lower 
expenditure and risks and, therefore, more accessible to small farmers. 
 
 The choice of Development of Rainfed Agriculture as one of the priority areas was welcomed to 
improve the imbalance of income growth and welfare gains between farmers in the irrigated lands and 
the majority of the farmers whose lands were dependent on rainfall.  An approach on a wide front was 
needed, covering research, training, demonstration and development projects, etc. The need for crop 
saving research and the efficient use of fertilizers are very important. 
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 The Development of Rainfed Agriculture, with special emphasis on appropriate cropping 
systems and soil management, was reaffirmed as one of the priority areas, since it affects 80% of the  
arable land in Indonesia.  The scope of  rainfed areas was extended to include not only high rainfall  
humid areas but also rainfall semi-arid areas. 
 
 For increasing and stabilizing agriculture production in rainfed areas, the following  
recommendations, among others, are made (a) definition and uniform classification of rainfed regions 
based on climate factors, physiography, soils, and vegetation, (b) analysis of hydro-meteorological and 
ecological factors for designing and selection of cropping systems, (c) breeding of high yielding   
varieties suitable for rainfed areas, particularly deep water rice, and seed production and distribution of 
identified varieties, (d) sound soil and water conservation and management practices, (e) mixed farming, 
integrating crops and livestock, (f) fuller utilization of  atmospheric nitrogen, organic manures and plant 
residues, (g) farm machinery and  agricultural tools research and development. 
 
 It is observed that increasing yield stability rather than record yields is the goal, that small in-
creases over large areas make a more significant contribution than high yields on a few farms, and  that 
there should be a shift in emphasis from the individual crops to the environment and the systems it has 
generated.  The failure of improved varieties to stand the environment or fit the farmers' real needs  and 
the neglect of animals were areas of great concern. 
 
 Under Development of New Technology it is emphasized particularly (a) development of  
flexible approaches to crop production with the aim of increasing yield stability, (b) identification of    
critical inputs rather than adoption of an unselective "package" approach, (c) improvement of food 
legumes, oil seed and vegetable crops by fitting them into farming systems of the staple cereals, (d)  
increasing efficiency of fertilizers and complementary sources of plant nutrient, (e) breeding for  
varieties to suit "non-ideal" conditions, (f) improved seed technology  and seed supply and simple local 
seed storage at the farm and village level, (g) integrated approach on land management techniques, 
farming systems and small farm mechanization. 
 
Priority Action Areas for Crop Production Research 
 
 In recognition of the fact that the weaker section of farmers, generally on small holdings,   
predominate in agriculture in rainfed areas of Indonesia, and that the first concern of such farmers is to  
raise food crops to meet their family needs, this will restricted to the major food crops of the region. By 
doing so, the export crops on which the economy of the country depends, the tree crops which are a 
feature of the humid tropics and so essential to protect the land, and the animal husbandry whose 
integration with arable farming is essential to improve the economy of the small farmers are also 
considered. 
 
  Description and delineation of agro-ecological zones within Indonesia are a prime necessity,   
The necessary expertise to undertake detailed work on agro ecology is not available within the agency, 
and the task has to be remitted to a specialist team of climatologists, hydrologists, soil scientists and 
agronomists.  Meanwhile, using the already available information, the urgent need is to arrive at a broad 
working description of the various agro-ecological zones within Indonesia based on climate, soil, 
physiographic units and vegetation. 
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 Most of the increases in food production came from the irrigated lands through increased 
fertilizer use and cropping intensity.  Even so, there is a great scope to increase the productivity of the 
non-irrigated areas.  Since there are no separate statistics on area and production of the rainfed areas, it 
was not possible to estimate the contribution and progress made in the rainfed areas. 
 
 Reviewing the national systems of research, it is necessary to reiterate that  a  high  priority 
should be given to rainfed agriculture at the policy and  planning, implementation  and coordinating 
levels.  It was recommended that an interdisciplinary team be organized within the country to serve as a 
national  team on rainfed  agriculture and to coordinate the  research activities of the  various  agro-
ecological zones coordination/implementation cell).  Since the problems of rainfed agriculture are 
location (situation) specific, unlike in irrigated agriculture, programme execution should be at selected 
centres representing the major agro-ecological zones.  To this end, the establishment of a network of 
small but functional stations linked preferably to a well equipped research centre in the area is strongly 
recommended.  To maintain continuity of work, a five-to-ten year programme should be drawn up with 
well defined goals, subject to annual review of objectives, priorities and shifts in emphasis. 
 
 Once the Governments show interest in and support distinct programmes on rainfed agriculture, 
external assistance may be expected. 
 
 To start with, the existing national research programmes may be reoriented with emphasis on 
rainfed farming.  The emphasis should be on problem oriented field research. 
 
Research Programmes 
 
 It is found convenient to discuss the national priority areas of action for research and 
development under two heads, namely, crop based and area based. 
 
           Crop based                                    Area based 
 
     Varietal improvement                     Benchmark/Survey 
     Cultural management                     a)  Soils 
     Crop protection                                b)  Climate 
     Crop utilization/processing              c)  Existing practices 
     Economics/marketing                    d)  Socio-economic aspects 
     Social aspects 
                                                    Resource conservation, management and use 
                                                   a)  Output/income maximization 
                                                    b)  Risk minimization 
 
 The contrast between irrigated agriculture, in which the farmer has the critical input, water, 
under his control and the rainfed agriculture was sharply focused upon; the differences in the needs and 
requirements of the two farming situations became obvious.  For example, the strong crop based 
research programmes, which predominate today, provided the foundation for successful production 
programmes in irrigated agriculture but have been found inadequate for meeting the needs of rainfed 
agriculture.  The cultural operations are time- 
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critical in rainfed agriculture, where as considerably more flexibility in timing the operations exists in  
irrigated agriculture.  The kind of contingencies which have to be provided for are far more numerous  
in rainfed agriculture.  Perhaps the most vivid contrast is in the area based research. In irrigated agri-
culture, the objective is maximization of resource use while in rainfed agriculture this approach should 
be tempered with risk minimization. 
 
 Area based research and development needs immediate strengthening in Indonesia.  Within the 
crop based research, cultural management and crop protection, especially weed control, needs more 
attention. 

Crop Based Research 
 

 In rice, the most important crop of the region, suitable varieties were not yet available for either  
upland or deep water conditions.  There is no water control in such areas, and yields are poor. 

 In conclusion, the crop improvement programmes have by and large confined themselves to  
breeding  of  new  varieties suitable for  assured conditions, with all the emphasis on high yield and 
more recently on pest and disease tolerance. Difficulties were faced immediately when these varieties  
were extended to “non-ideal” environments where the farmer has no control over the amount and timing  
of  inputs, particularly water,  that is, under rainfed conditions.   Also, preoccupation with high yield  
and elite varieties  resulted in the varieties not fitting into the existing farmers’ cropping  patterns.  It is  
not the intention to say that breeders should stop looking “beyond the horizon” but the plea was for  
them to pay more attention to realities outside the experiment stations. 
 
  The first step is to arrive at the specification for crops and varieties that would be suitable for a  
given situation.  The specification consists of duration, specific and non-specific stress and to some   
extent consumer preference.  This “non genetic” aspect of crop breeding cannot be over-emphasized.  It 
would be beyond the breeder alone to arrive at the specification.  A team consisting of climatologists, 
agronomists, extensionists and practicing farmers will be suggested. 
 
 The second step is the actual breeding for the needed varieties.  This is to sole domain of the  
breeders. 
 
  The third step is to test the specified varieties at selected locations situations/environments).   It 
is preferable to have entries of established yield potential as the base from which a choice is to be made.   
Multi-location testing helps to identify in a short-time the suitable varieties. 
 
 The final, and the most important, step is to grow the suitable varieties on farmers’ fields and 
under farmers’ condition so that farmers can make their choice. 

Cultural  Management 
 
 The objectives of Cultural Management are (a) to achieve the full production potential possible   
within the constraints of the environment and (b) to stabilize the production. 
 
 A farmer has to do the following operations in order to grow a crop:  tillage, seed bed 
preparation, sowing, and weed control.  There is a wealth of  
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agronomic information on dates and rates of sowing and row widths.  It should make it possible at the  
farmers' level to adopt simple but effective agronomic recommendations on low cost inputs.  There is  
hardly any information on the energy requirement for the major components of rainfed farming   
operations and ways and means to reduce the over-all energy requirement relevant to small farmer. 
 
Agro-ecological Zones 
 
 Area Based Research (Research Based Research) the most important research in order to meet   
the location (situation) specific needs which characterize rainfed farming.  Even if crop based research  
is done on a typical location in the selected agro-ecological zone, there is the need to project the exper-
ience from the experimental location to the area it represents, recognizing and allowing for the  
variations of the resources in the area.  
 
Aberrant Weather 
 
 The characterization of an agro-ecological zone is often considered as a one time and once-for-
all job.  This would be true when the concern is with planning at macro level for large areas for which 
statistical truths are valid.  For smaller areas and for planning at the micro-level the variability is too 
high to rely entirely on the statistical truths.  For instance, it is possible to characterize the climate of an  
area in terms of the historical data, the weather contingencies and their frequencies.  It would, however,   
be necessary to set up on a continuing basis an agency which would interpret the weather information   
in readily usable form, diagnose the approaching contingency at the earliest possible opportunity,  
suggest remedial measures and indicate as early as possible shortfalls for which the country should be  
prepared.  In short, set up a group of interdisciplinary scientists to watch the weather and progress of the  
season. 
 
Resource Conservation 
 
 A vital aspect of area based research is the resource conservation, management and use,  
including resources of farm animals and crop plants, of soil, of water, and, in fact, of human  resources. 
 
 Resource conservation is beyond the scope of single individuals, much less the rainfed farmers  
whose holdings are small and scattered.  For instance, it is too much to expect an individual farmer to  
appreciate the  need for protecting catchments beyond his farm boundaries.  It is better that resource   
conservation in the rainfed areas should be taken up as national programmes. 
 
 In this connection, a reference should be made also that phosphorous deficiency should be   
regarded as a "policy" issue.  Drainage, irrigation, road networks are all accepted infrastructure needs to  
be carried out at government expense.  The case is strong for taking up the use of phosphorous and other 
nutrient elements which have a strong residual effect as a national programme. 
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Cropping  Intensity 
 
 A  particular  useful  area  of  research  in  the  tropics  for  improving  the  resource  
management and  use  is  cropping  patterns.  The objective  is  to increase production   so  that  farmers  
will   have   some  marketable  surplus,  diversify   crops, protect  the  soil,  distribute  and  minimize  
risk,  and  generate  employment opportunities,   Starting  from  the   low  rainfall  areas   where  only  a   
single  crop is  all   that  could  be  grown,  the  cropping  patterns  have  become  progressively more 
complex  as  the  rainfall  and duration of  the  season  increases.   With slightly   better  rainfall,  
intercrop   systems   are  the  most   appropriate.  Both intercropping  in  space  and  in  time  are  
possible.   Basically   intercrop systems in  time are  more  productive.  Accepting this,   crop  geometry  
could  be introduced as  a  variable  depending  on  the  objectives  of   the  farmers.  The  first  approach 
is  to  accept  the  major  crop  of  farmer's  choice  and  develop  intercrop  systems such  that  the yield  
of  the  major  crop is  not  significantly  reduced;   the   minor crop will  then be a bonus.   Such  
systems  as a cereal  and  a short season legume--soybean  for  example--are best   suited  for  fortifying  
the  food   and  feed with   additional   protein.   Recent   studies have   revealed   that   for obtaining best 
results, the population of each of the component crops should be maintained at its optimum. 
 
 Crop diversification  itself reduce the risk.   As  a   rule  delay  cropping  is most  appropriate  in 
areas where  land must be   protected  all  the  time during  the rainy  season  against  splash  erosion.  
Other  advantages   are   avoiding  preparatory  tillage for the  second  crop  and planting it at  a  time  
when  there is  good moisture  in  the  seeding  zones. 
 
 The crop options open for improving cropping intensities in rainfed  areas are rather limited.  
Hence the  first step is to promote crops which the nation needs  and the government  is  promoting and 
to assure at least one good crop before attempting to introduce cropping  patterns.  The system should be 
easy to work and be flexible with several alternatives.   The primary human need is food.   It is possible 
to integrate this requirement with others.  In the semiarid tropics crops,   livestock and wood for fuel 
should be integrated.  In the seasonally dry tropics, crops, cattle and fish and in the humid tropics, trees, 
crops, cattle and fish may be integrated in the farming systems. 
 
 In  developing  farming  systems  relevant   to  the  total   environment  it  is best  to  commence 
with  the  improvement of  the  traditional   systems  that  are already   popular  under  the  indigenous  
conditions of  the  area.   In  designing research  programmes  examine  the possibility  of  working  at  
two  assumed  levels of  infrastructural  support  systems.  One  at the advanced level would assume 
that  provision of  the infrastructural support system is such that there is a possibility of substantially   
changing the farmers' methods. 
 
 Concepts for cropping pattern design in farming system.  In some instances, cropping systems 
research  is simply the testing of many cropping sequences in the farmers' fields under different 
environmental  conditions.  The approach used in Indonesia has emphasized the testing of patterns 
designed on the  basis of concepts.  The actual crop sequence used for each conceptual pattern depend 
upon the level of  technology sought or available. 
 
 Three conceptual cropping patterns were tested in each category for each target area when the  
Indonesian program started in 1975.  Each trial was replicated three times but by different farmers (or 
across farms).  The cropping 
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sequences for a pattern tested in each category were not necessarily the same, but were selected on the 
basis of the same criterion.  The criteria for selection of the sequence of crops and management practices 
for each pattern and the rationale for each criterion were as follows: 
 
      1.  Criterion  A.   Farmer's present cropping pattern 
 
           Rationale: To establish a base-line check for comparison 
 
      2.   Criterion   B.   Farmer's choice of cropping pattern if input and market 
           constraints were removed 
 
           Rationale:  To evaluate the farmer's level of competence and managerial 
           skill and perhaps uncover hidden socioeconomic constraints 
 
      3.  Criterion   C.  Our introduced cropping pattern with input and market 
           constraints removed and technical assistance provided 
 
           Rationale:  To determine production and economic potential and our 
          ability to remove constraints 
 
  The use of these criteria for design of cropping patterns has been successful.  It has allowed us to 
be objective.  We do not get bogged down in evaluating small differences in results from using different 
species of legumes or varieties of rice in testing many different cropping sequences.   These refinements 
are necessary, but are the kinds of components studies that are never finished.  In our studies, however, 
we have been made aware of the severe economic stress faced by many Indonesian farmers.  They 
simply do not have money they can use for material inputs.  If they do, they are afraid to take the risk.  
This    is particularly true for farmers who have seldom worked with the extension service.  We feel we 
must develop low input patterns for new adopters.  If the technology is good and shows evidence of 
being profitable, they will soon learn how to use more inputs.  We now recommend the following 
criteria for design of cropping patterns: 
 
      1.   Criterion   A.  Farmer's present cropping patterns (monitor only) 
 
           Rationale:  To establish a base-line check for comparison 
 
      2.   Criterion   B.  Farmer's cropping pattern with inputs and optimum management 
 
           Rationale:  To evaluate the farmer's pattern without input and managerial                                      
 constrains 
 
      3.   Criterion   C.  Our introduced pattern with low inputs 
 
           Rationale:  To Induce the farmer to gradually try new technology 
 
      4.   Criterion   D.  Our introduced pattern with input and market constraints 
           removed and technical assistance provided 
 
           Rationale:  To determine production and economic potential 

-65- 



 Strategies  for  design  of  introduced  patterns in  a farming system.   The impression that 
evolved from accumulated survey, soil classification, climate, and market data and from observation of 
farmers' patterns is the best guide for cropping pattern design.  If nothing appears obvious to the 
Cropping Systems Working Group after this exercise, it would probably be better to work somewhere 
else.  Among the techniques used by cropping system scientists to intensify cropping and increase 
production there is a thread of commonality.  The techniques used for the lowland rice-producing areas 
of Asia are shown in Table 5. 
 
 These specific examples are useful in understanding how the role of intensification can be   
tackled.  More generalized guidelines for pattern design may be useful for situations where less is know. 
 
Table 5.   Common strategy for crop intensification in lowland rice areas. 
 
Fully irrigated.  Go from 2 to 3 crops per year. 
 
1.    Plant earlier in crop year. 
 
2.    Use earlier maturing varieties. 
 
3.    Reduce turn-around-time between two consecutive crops. 
 
4.    Tailor inputs to soil, climate, and crops. 
 
Partially, irrigated and rainfed.  Synchronize plantings to permit an extra crop per year. 
 
1.    Plant earlier in crop year by direct seeding and use of minimum tillage. 
 
2.    Reduce turn-around time between two consecutive crops. 
 
3.    Plant earlier maturing varieties of rice and other crops. 
 
4.    Plant upland crops other than rice during dry season after harvest of lowland rice. 
 
5.    Plant early maturing upland crops at beginning of rainy season before there is enough water for  
 lowland rice. 
 
6.    Use year-round crop production and soil management practices.  This will reduce labor needed 
 for tillage and weeding and ultimately contribute to crop intensification. 
 
       A.   Selection of crop to be grown.  New or exotic crops are likely to be unsuccessful when first 
introduced.  Initial phases of a cropping systems program will be dependent upon the use and improve-
ment in production of familiar and marketable crops.   Gradual introduction of new crops can be one of 
the most important strategies for cropping systems research. 
 
       1.    Agronomic adaptation.  This is an important consideration for selection of crops to be 
included in new cropping patterns. The crop must fit the rainfall 
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and its distribution (or irrigation) during the time of the year the crop is to be grown.  Usually food  
crops receive the highest priority for government support in developing countries.  Of these crops, rice  
is the most valued in Asia and, consequently, is grown if possible.  Corn is usually the best highest  
valued crop and could be grown under drier conditions than rice.  Sorghum and millet are usually more  
drought tolerant than corn and rice but many times are not as adapted to acid soil conditions.  The 
versatility of upland rice, in this respect, has not been fully exploited.  The root crops, sweet potatoes  
and cassava, can fit into most patterns for upland areas.  These are usually high-valued, fresh-market 
crops near cities and subsistence food crops in  remote areas.  Cassava is an especially stable crop in  
drier regions and times of the year.  Legumes usually grow well at the beginning of the rainy season  
when disease and insect problems are less.  Many of the legumes are photo-period sensitive and this  
must be taken into consideration.  In irrigated areas, legumes usually are cash crops to utilize residual  
soil moisture after lowland rice.  Seeds produced at the beginning of the rainy season in adjacent upland 
areas may be used as seed sources for the lowland areas.  Seed viability is a problem, particularly for  
soybeans.  Their value as  a  protein source must be given high priority, particularly in remote upland  
areas where sweet potatoes, cassava, and other starchy food crops make up a major portion of the diet. 
 
 2.  Market and market potential.   Farmers grow food crops to feed their families and to sell.    
The first priority is for food.  The incentive to grow extra crops for marketing purposes depends upon  
the profit the farmer can make.  In most developing countries there are government policies to keep food 
prices low.  These policies benefit the large number of consumers in the cities and towns but hinder   
efforts to increase agricultural production.  These problems have been recognized by most governments 
and attempts are being made to establish and maintain minimum market prices. 
 
 Since rice is the preferred crop in Southeast Asia, it is usually the most profitable crop to grow.  
Other crops (unfortunately referred to as secondary crops) may be much less profitable especially if  
they cannot be easily processed within the country or exported.  Corn, cassava, soybeans, mungbeans, 
and peanuts usually offer the widest range of market potential. 
 
 B.  Management of cropping sequence.   The prevailing farmers' cropping patterns usually give  
the best clues to the opportunities and constraints face by farmers.  Good surveys can help pinpoint and 
clarify many socioeconomic as well as agronomic conditions that affect the farmers' decisions. 
 
 1.  Minimize risk.  This concept is especially important in remote or newly opened areas where  
the farmer must be self-sufficient and can expect little help from government agencies.  These are the 
conditions under which farmers many times use complex mixed cropping combinations and little   
material inputs.  In partially irrigated areas farmers are reluctant to grow a second crop of rice and if 
they do they usually reduce fertilizer and labor inputs.  These evidences of the farmer's understanding   
of risk must not be ignored.  We design and test improved patterns which require low levels of material 
inputs.  At the same time similar patterns are designed and tested with what we expect to be agro-
economic optimum levels on inputs.  In this way we can develop technology with a  broader base and   
gradually introduce it at a level farmers can more readily accept. 

-67- 



 2.    Minimize and distribute labor.  Power for land preparation is a major constraint to increased  
crop production through intensification in upland areas.  A farm family can prepare only about 0.5 to  
0.6  hectare of land by hand labor at the beginning of the rainy season.  Labor is also a constraint in  
partially rain-fed areas where time is a factor in getting the land prepared for planting rice at the  
beginning of the rainy season.  Design of cropping patterns to utilize available water can be an effective  
technique to save labor.  The introduction of extra crops usually induces more land cultivation and com- 
petition for weeds.  The farmer benefits by the reduction in labor requirement for land preparation and  
weeding per crop and the opportunity for gainful labor during times of the year the family would be idle. 
 
 3.    Distribute cash flow.  New cropping patterns must take into account the farmer's economic  
situation.  In newly opened upland areas farmers usually have less money available for purchase of 
inputs than farmers in the lowland rice-producing areas.  In either case there  is generally financial  
stress.  Recommendations for larger inputs are not likely to be adopted unless the new technology is  
gradually introduced and arrangements are made for credit.  Farmers who have never had much cash are  
not usually willing to make use of credit when it is first offered.  Gradual introduction of technology 
represents one strategy to overcome this reluctance.  Consequently, in addition to  "optimum patterns," 
cropping patterns should be designed for developing low and intermediate levels of technology.  If the  
lower levels of technology are adopted by farmers and found beneficial, they will likely be willing to  
assume the responsibility for more credit and inputs. 
 
 Cropping patterns which involve more crops and harvests usually provide for better labor  
distribution and even out the cash flow for production costs and income from sale of marketable 
produce.  The farmer may have less money for short periods of time but some money over a longer  
period.  He is more likely to have some money for food and for production inputs when needed. 
 
Testing Cropping Patterns in a Farming System 
 
 The cropping systems approach to research has developed for several reasons.  But some of the 
original work was done to study two basic questions in tropical agriculture--how to utilize more  
efficiently the tremendous  energy, land, water, and labor resources available and how to get farmers to  
adopt the technology developed. 
 
 Rationale for systems  research.  The physiological, agronomic, and technical aspects relating to   
the first question may be studied in the laboratories and research stations.  The potential for total 
production is evident from this kind of research even if many times the technology is inappropriate for  
adoption by small farmers of the less-developed countries (LDCs) of the tropics.  The contrasting 
situations between the developed and less-developed areas of the world must be recognized even if there  
is a problem of oversimplification.  In developed countries where farmers are likely to be better 
educated and economically stronger, published and disseminated research information may be sufficient  
to meet the farmer's need.  The farmers are able to apply the technology, assume the risk and evaluate 
the technology within their context.  In developing countries, however, farmers may be under-educated,  
financially weak, and afraid to assume the financial risk and peer pressures associated with change.  The 
technology must be developed and tested systematically and extended to the farmers in a simplified  
form. 
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 Production programs have been developed and financed to solve some of these problems.     
Technological packages were made available to farmers with credit facilities through such programs as 
MASAGANA 99 in Philippines and BIMAS in Indonesia.  Production was increased for individual crop 
commodities.  These steps forward were very successful, even though many farmers did not greatly 
benefit from the efforts and many did not continue to participate.  The basic problems of development 
and adoption of appropriate technology by farmers were not solved by the production programs. 
 
  Before these programs for crop commodities and cropping systems reach the stage of imple-
mentation, they should be preceded by research conducted under conditions approximating that of the 
farmers.  The research and implementation must be target-area specific.  The first step, as has been 
described in this paper, is to conduct preliminary research in the farmer's field under the researcher's 
management to get some idea of crop performances and production potential within a target area.  If this 
looks promising, the cropping patterns that have been designed should be further tested in farmers' fields 
as much as possible under the prevailing conditions that exist. 
 
 Methodology used.  Using this approach, the Indonesian cropping systems program has been 
effective in West Java, Lampung, South Kalimantan, and Southeast Sulawesi in developing and 
implementing research. 
 
 A team composed of a coordinator, agronomist, and economist was stationed in each target   
area.  A system for collecting daily farm records for all farm buying and selling activities was 
implemented in cooperation with farmers (about 30) in each target area to get a larger base for 
socioeconomic evaluation. 
 
  The organization of the research and research team should be as simple and self-contained as 
possible.  The coordinator should have flexibility in implementing the research once the general   
guidelines for trials, patterns, organization, and staffing are decided upon. He or she should have 
mobility to visit the sites and research plots frequently, talk with the farmer co-operators, and develop 
cooperation with the extension service and local government officials.  He or she should assume the 
responsibility for summarizing and preparing a draft report of the research results.  Most of all, he or she 
should, in consultation with staff, critique the research in progress and prepare a tentative project 
proposal for the following year. The involvement of those close to the field research activities is the key 
to successful and relevant research and staff development. 
 
 The Indonesian program has usually replicated the field trials across farmers' fields.  This has 
been successful primarily because the target area had been stratified by partitioning the area into 
categories.  For each cropping pattern tested, three farmers within a category were randomly selected as 
co-operators after screening based on criteria relating to land tenure, size of farm, cropping system, 
location, and desire to cooperate.  Each farmer agreed to permit 0.1 hectare of land to be used for the 
research.  He provided the labor, and the project provided the necessary inputs.  The farmer was 
compensated for any losses and extra labor caused by the project.  All data concerning labor and costs  
input were collected.  The cash flow of the agronomic farmer co-operators and the other farmer co-
operators were- monitored.  The data were reported in terms of yields, gross returns, labor costs,   
material costs, and net returns for each pattern in each category.  The data from economic farmer co- 
operators were summarized in the same way to establish more precisely the economics of  the farmers'   
cropping patterns and to understand their farm operations. 
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Pilot  Production  Projects 
 
 In many  countries pilot production projects are an integral part of the technology delivery 
process.   Sometimes it is considered a research function and sometimes exclusively extension.   In 
Indonesia, as  Fig.  2,  phase IV indicates, this activity has a legitimate research component, particularly 
for new  research target areas.  But it is recognized that in most instances it is largely an extension 
activity.  
 
 Pre-production  testing.  We would normally expect that the technology developed and tested by 
a research organization would be adopted by farmers with only dissemination of the information by 
extension workers and by development of production programs.  The latter step is usually not necessary 
in developed countries where the agricultural economy may be strong.  Even in less well developed 
countries, technology for new varieties and management practices for crop commodities may be  
directly and easily introduced.  But for cropping systems research implementation, there will likely be a  
need for an additional research phase.  This phase is more complex than indicated by this terminology.   
It is an evaluation not only of the appropriateness of the technology but also of the infrastructure.  The 
weak links in the infrastructural chain should be identified and strengthened to absorb the new 
technology.  This can be best illustrated by an example from the Indonesian program. 
 
 A.  Methodology used. Research was begun in both Indramayu, West Java, and Central 
Lampung, Lampung, in 1973.  Results from the first two years in Indramayu showed the feasibility of  
increasing crop production by introduction of high-yielding and early-maturing varieties and inclusion  
of an extra crop either before or after the main crop season.  In Lampung, the results showed the  
potential for crop production and stable agriculture on the red-yellow podzolic soils of Lampung under  
rainfed-upland conditions.  The  research in these two areas was expanded in 1975 to include on-farm  
testing of farmers' and introduced cropping patterns in the three main irrigation categories of   
Indramayu (10 months, 7-9 months, and 5 months of water availability) and for partially irrigated (5-6 
months water availability) and "newly opened'' and "old opened'' areas in Central Lampung.  This   
research was conducted in close cooperation with the extension service and local government officials  
in hopes that the research results could be smoothly and quickly adopted by the farmers.  During the  
third year (1977-78), the trials were not replicated  but were consolidated into one contiguous area for  
each irrigation or land use classification  (an embryonic Phase IV of Fig.  2).  The idea was to test the 
introduced patterns in plots large enough to cover several farms and minor differences in soil and 
water availability and to gain visibility among farmers  and extension workers. 
 
 B.    Constraints  identified.   The data and experiences from the 1977-78 research verified   
previous findings.  We felt there was sufficient evidence to support the development of Production  
(BIMAS) programs in these two target areas for cropping  patterns rather than for individual crops as  
has been done in the past.  The BIMAS program would help remove the credit, input and perhaps  
market constraints faced by farmers.  But in order to be successful, all components of the  production  
system would have to be synchronized.  This would include synchronization of varieties, insecticides,   
planting and harvesting dates,  time of arrival and termination of irrigation water, and local government  
activities.  These infrastructural considerations are not so important  when new varieties, insecticides,   
and  other single-faceted technologies are introduced.  But for cropping pattern changes, the constraints   
that have  prevented the farmer from 
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modifying his systems in the past must be identified and removed.  Furthermore, the new problems that 
arise from implementation of the new cropping  patterns must be anticipated and removed.  For  
example, increased production will cause marketing  problems and overloading of the existing agri-
business community.  We feel that an expanded Phase IV is needed in the sequence of site selection,   
agro-economic potential, designing, testing and implementing new cropping systems technology for a  
target area.  But we also recognize that this activity must be an  integrated endeavor with other  
government agencies. 
 
 C.    Institutional constraints.   The pre-production or pilot production phase (Phase IV) should 
cover one or more of the smallest governmental units (Desa in Indonesia) within the target area.  The 
planning could be coordinated by the Ministry of Agriculture in cooperation with the provincial   
planning agency (BAPPEDA in Indonesia) so that all relevant governmental agencies would be   
involved.  In this way, the institutional  constraints that might arise from introduction of the new 
technology could be identified  (and removed) before wide-scale implementation was attempted.  The 
coordination of the research, extension, irrigation, and local governmental agencies is vital if the pre- 
and post- production constraints are to be removed.  This idealized kind of on-farm research would have 
been useful as a follow-up to the embryonic efforts we made in Indramayu and Lampung to solve these 
problems.  These two target areas differ greatly in their stages of development and kind of agriculture.  
However,  if the site descriptions are accurate and  sufficiently detailed,  research results could be  
applied (transferred)  to other areas with similar agro-climatic conditions. 
 
 Test farms.   The research approach used for the test farm does not necessarily differ from that 
described in this paper.  The land tenure arrangement represents the major differences.  The land is 
under control of the researchers and consequently, the researchers are more sheltered from the public   
and will likely conduct research more in line with tradition.  But the security offered by a test farm 
arrangement permits development of  research facilities, quarters and longer term experiments.  
Technology generated should finally be tested directly in the farmers' fields. 
 
Implementation Through Production Programs 
 
 The experiences with government-sponsored production programs in general have been good.   
An acknowledgement of the need for support to small farmers for development of appropriate   
technology, credit, production inputs, technical services, and markets has been made.  These are steps in  
the right direction for developing countries.  The prospects for this kind of governmental activity  affects 
the research processes and the technology developed.  If the farmers in a developing country are 
economically weak (and they likely will be) and the government is indisposed to support production  
programs, the agricultural research effort should be mostly directed toward low-input technology.  This 
places a great constraint upon research options.  Not much can be done to increase total agricultural  
production, but some techniques can be developed to conserve the soil and  stabilize  production.   
Hopefully, under the most austere circumstances some support can be obtained to remove the most  
severe constraints to production.  Research should be directed to identify these constraints and develop  
technology that is within the economic grasp of the individual farmer.  The methodology that has been 
described can be used for these different situations. 
 
 The experiences with production programs in the Philippines and Indonesia have been described 
in several publications.  The important question is how to 

-71- 



make them more  effective from a   technical  point of  view.  It is recognized that initially   production   
increased each year after implementation of the programs.  Then production began to level off.  It is at 
this state that cropping systems research can be most useful.   The  technology  developed  for specific  
target areas   permits   more   specific   recommendations   and  higher  production  possibilities for  
these  areas.  This technology  then becomes  more  acceptable and  allows for transfer of  technology  to  
similar   agro-climatic  and  economic   regions.   The transfer of appropriate technology may reduce the 
research time required in new target areas by 2 or 3 years (Fig. 3).   Production packages can be tailored 
to better meet the requirements for increased production and farmers' needs. 
 
Technology Transfer:  Technology  Flow 
 
 Vertical flow.  One  objective of a farming systems program is  to use existing  information by  
bringing  it  together  and   testing  it  in  a  specific   environment.   Technology  of this  kind  usually  
comes from  the  experiment stations of  national  and  international   institutes  and  is   fragmented  
according   to crop commodities  and  disciplines.   The technology  is   then  transferred   to   the  
government bureaucracy  and  finally  to  the  extension  service.  This is a kind of vertical transfer of   
technology.   The information is disseminated by the extension service in a "trickle-down" fashion. 
 
 Horizontal flow.    Improving the flow of technology (transfer of technology) is simply a way of  
using  research  funds, personnel,  and  time  more  efficiently.  The concept is useful in that it provokes  
scientists to consider application and integration of new  technology as a legitimate part of a  research 
effort. This approach has not been fully exploited in most agricultural research and development 
activities that apply directly to farmers.  Basic studies in soil science, biochemistry, plant   physiology, 
and related fields usually are well described and documented.  The technology developed can be 
transferred from place to place (horizontally) as well as   vertically.   The technology of the applied 
agricultural sciences (such as agronomy, horticulture, and forestry), which directly affects  the farmers' 
welfare, usually consist of well-documented studies of some small part of a larger system.  The bits of 
research information can be absorbed directly by farmers in developed and developing societies.  But 
many times farmers in less-developed countries cannot make use of this technology.  The missing pieces 
of the research puzzle for a particular target area can be identified and studied by cropping systems 
research.   Further testing and complementary research provides the appropriate technology for use 
through production programs and horizontal transfer of technology.  Comparisons of Fig. 1 and Fig. 3 
illustrate how research time and effort can be saved by transfer of appropriate technology from one 
target area, horizontally, to another. 
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Figure 2. This is a schematic representation of the research-extension workload distribution and interaction with farmers and  
  other government agencies in different phases of cropping systems research and implementation. 
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1CSWG – abbreviation for cropping systems working group which is the multi-disciplinary research group that coordinates and      
carries out the research plans of cropping systems programs in a target area. 
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Figure 3. Time frame for research and implementation phases of a cropping systems program with significant inflow of technology from 
  research in areas with similar site descriptions. This technology transfer may reduce the research time in a target area by two or 
  more years. 
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TESTS ON FARMERS' FIELDS: THE ICARDA EXPERIENCE 
 

David Nygaard 
ICARDA 

 
 
Introduction 
 
  Research on  farmers' fields appears  to be one area where a young  center like ICARDA can  
contribute to the development of a methodology for farming systems  research.   The  current  attention  
given by  agricultural  development projects  to  on-farm  trials  has  a short history,  and there  is  an 
apparent  potential  to improve  the  way these  trials  are conducted.   Indeed, there is a potential for  
reconsidering  the  role  of  on-farm trials  in  farming  systems research   (FSR).  In  this  paper,  this  
role  is discussed  in  relation  to  ICARDA's experience:   emphasis  is given to the unusual  
composition  of our Farming  Systems Program and to the problems we have encountered working on  
farmers' fields. 
 
 FSR efforts tend to beg the question "So what's new?"  This  question is asked because FSR has 
been  promoted as something very new and different when, in fact,  it is  only  rearranging  the  
environment  in which  research is  conducted.  It is a synthesis of traditional   agricultural   research   
activities.  Independent discipline oriented projects are often less successful than they could be be- 
cause  they  do not consider the  interrelations between  the many components involved.   FSR  
specifically  concentrates  on   these relationships,  and   there  are now  several  examples  which show 
the benefits  for doing so. 
 
 Linking the disciplines through the four stages of FSR (a la Norman) 1 has helped unite the 
Farming Systems Program  at ICARDA. The diagnostic stage has been well developed at, among other 
places, CIMMYT and IRRI; thus, there is no need to develop our own methods for research at this  
stage. Rather the Farming Systems Program (FSP) has carefully selected from the methodologies 
developed elsewhere and quickly moved to research at the design stage. Again, the Program has been 
able to choose from agricultural technologies employed in other regions of the world and has refined 
them and adapted them to circumstances in the Middle East. Although ICARDA is only five years old, 
we have already been able to test research findings on farmers’ fields. 
 
 Barley  production in Syria  is  an  example which  nicely  illustrates  this   process. It provides  
the  central thrust of  this paper. The presentation is divided into three sections. In the first, research at 
ICARDA is briefly discussed to clarify the setting of FSR. In the second section, the findings of research   
on barley  production  in  the  diagnostic and design  stages are  presented to give a  perspective  to  the 
research on  farmers'  fields  and to  explain  how  factors  being tested in these  trials  were chosen.  
Then,  in  the third  section,  the  results  of the on-farm trials, the  problems and special  issues we have 
faced and the  lessons that can  be  drawn from  this experience are discussed. Barley  production in  
Syria is an interesting example;  although  we are still a  step away  from  successful on-farm trials, we 
are also close to making  recommendations to farmers. The lessons 
from this exercise are clear -- the prospects exciting. 
 
 
1Norman, D.W.  "The Farming Systems Approach:  Relevancy for the Small Farmer."  MSU Rural 
Development Paper, No. 5, Michigan, 1980. 
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Research at ICARDA 
 
 ICARDA was  founded in  1977 and is one of the new centers sponsored by the Consultative  
Group  on  International  Agricultural  Research  (CGIAR).   The headquarters  of ICARDA and  the  
major research stations are located near Aleppo, Syria.  The geographical focus of the Center is on 
rainfed  agriculture in   the Middle East and North  Africa.  In  this  area,   the climate  is characterized  
by cold, wet winters and hot, dry summers;  the Center  is concerned with areas where  the average 
annual  precipitation is between 200  to  600 mm.  The Center was set up  to have a systems  orientation  
and also  conduct major  research on barley,  faba  beans,  lentils  and  forages.  Research on wheat and 
chickpea  is done  in  collaboration with CIMMYT  and  ICRISAT respectively.  Thus, the commodity 
research  is  conducted by three  Programs,  the Cereal  Improvement Program, the Food Legume  
Improvement Program and the Pasture and Forage  Improvement Program, and the  Farming  Systems  
Program  is concerned with the role  these crops play  in the  predominant systems  in  the  region. 
 
 Early in the development of the Center, the FSP lacked focus. It tended to be the catch-all for 
research activities that did not fit in the commodity research programs.  Consequently, the Program has 
scientists from a large number of disciplines. While initially this made it difficult  to develop a 
coordinated  research effort, one of the strengths of the Program today is a balance of research 
specializations.2  This manifests itself in three  ways.  First, the Program has the capability to deal with a 
broad range of problems that constrain agricultural development in the region.  Second, the strong re- 
presentation of biological scientists and the high quality of their work has made  the research  more  
acceptable  within the Center  and within the region; this technical   research   has   given the  Program a  
degree  of  respectability   vis-à-vis other biological scientists. This may not have been the case if the 
social scientists were  the  dominant  group  in the  team. Yet, and this is the third point, the social  
scientists also have a clear role to play and their input is an integral part of the research.  The team 
recognizes the importance of both agro-climatic and  socio-economic constraints  to development. 
 
 Currently, the FSP is involved in five research projects, each focusing on a problem area and 
each requiring a  multidisciplinary  team.  One of these problem  areas  is   the  low  productivity  of  
barley  production  in  the  region,  particularly where  average  annual  rainfall is between  200-350 mm.  
Research on barley is discussed  in  the  next  section  to illustrate  the  approach  we  are using  at 
ICARDA  and to  introduce  the research being conducted on farmers'  fields. 
 
Barley  Production  in Syria 
 
 The importance of barley in the rainfed areas of the Middle East is well known.  It is an 
important crop  in  an  important  sector  as indicated by  the  proportion   of  cereal  land  allocated  to 
barley (25   percent), its  use as a major feed for  animals (both  as grain and  forage),  in some locations 
its use  as  human  food, and as  an important  source of stability  to  agricultural  systems in areas  
characterized   by   low  and  variable  rainfall. However,   the methods by which we can improve  the  
productivity  of  this  crop,  and  thus  agricultural systems,  are not  clear.   
 
 
 
2These disciplines should  be  noted and the  scientists  recognized as  the  results presented  in this  
paper are  theirs: A.   Allan, (Agronomist),  P.  Cooper  (Soil Physicist),  K.  Harmsen  (Soil  Chemist), 
D.   Keatinge  (Crop Physiologist),  S. Kukula  (Weed Scientist),  T.  Nordblom  (Agricultural  
Economist),  K.  Somel (Economist),  J. Stephens  (Microbiologist), and E.  Thompson (Livestock  
Specialist).  
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 Stage  I 
 
 The Farming Systems Program appropriately began its work on barley with a heavy emphasis on 
the diagnostic stage.  Six villages in Aleppo Province in Syria were visited regularly and frequently for 
three years (1977/78 to 1979/80) in an effort to understand what farmers were doing and why. These six 
villages were selected along a s steep rainfall gradient in the province where average  annual rainfall 
varies from more than 500 mm/year to less than 250 mm/year. 
 
 While the study did not concentrate only on barley production, a wealth of information related to 
barley emerged.  The following findings guided the development of priorities for the agronomic research 
on this crop: 
 
 1.  Barley increases in economic importance as one moves down the rainfall transect toward drier 
      areas, but family income levels decrease. This has very important implications for ICARDA's    
      research strategy. Since we are concerned with assisting the poorer farmers in the region, this   
      leads us to barley production, particularly in drier areas. 
  
 2.  Farm size is larger in drier areas as is the size of barley plots.  To a large degree,     
      mechanization of barley production has already been achieved in these areas.  Yet, little use is 
      made of chemical inputs, such as nitrogen and phosphorous fertilizers or herbicides for weed          
      control.  Few barley fields are planted with a seed drill and the seed rate appears to be     
      surprisingly high.  In addition, new varieties of barley have not yet been adopted by farmers. 
 
 3.  Barley is a dual-purpose crop, i.e., it is grazed by animals as fodder and/or left to produce       
      grain. As we traverse the transect towards drier villages, animal numbers per family            
      increase and the percentage of the family income derived from sheep production becomes        
      more important. The livestock component may also add stability to the family income              
      stream. In dry years, barley is more important since feed prices are higher, and also animals           
      provide a potential source of cash as they can be sold during the dry period. Certainly,       
      livestock production very much complements the cropping activities of farmers in these dry    
      areas. 
 
 It is now generally felt by members of the Program that the study which took three years was  
too long and that this phase should only need 6 to 12 months to produce initial results.  However, this  
detailed and extensive information provided an invaluable basis for planning and initiating research on 
soil, water and nutrients in 1979/80. 
 
 While the village studies provided information on which research at the design stage could 
begin, the diagnostic stage should be, and at ICARDA is, an on-going process. Two surveys have been 
completed recently, one on sheep husbandry in the dry areas and a second on barley production 
throughout the country.  The sheep survey has provided important information on the seasonal feed 
requirements of   the animals in relation to the seasonal availability of feedstuffs.3 To meet the needs of 
the sheep, barley is sometimes grazed during the growing season (1) at an early growth stage (and then it 
is left to recover for grain production)  and (2) at harvest time in situ (when its value as a forage 
 
 

3Thomson, E.F. and Bahhady, F."Further Aspects of Sheep Husbandry Systems in Aleppo Province, 
Syria." Research Report (Forthcoming). 
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exceeds its value as a  grain). Nordblom has shown the strikingly important value of barley straw in  
proportion to grain.4 Under a number of climatic conditions the straw contributes over half of the value  
of the crop: straw is a joint-product of barley production rather than only a by-product. 
 
 Somel has observed that different factors affect barley production in different areas of the 
country.5   In the Northeast of Syria, land tenure, the recent but extensive use of machinery, and the 
annual migration of sheep flocks affect substantially the economic incentives to barley producers. In the 
West, a barley/fallow rotation predominates (compared to continuous barley in the Northeast). Mech- 
anization is less common in the West, but the use of chemical fertilizers is higher. Finally, the agro-
climatic   zones in the western part of Syria are narrower and consequently inter-zonal effects, such as 
labor migration, are more predominant. Farmers in the drier areas are strongly and perhaps negatively  
influenced by the proximity of more wealthy farmers in the wetter areas. 
 
 Stage  II 
 
 As in the diagnostic survey work, the experimental work on barley was conducted across the 
rainfall gradient. Within a radius of 80 km of Aleppo, five sites along this gradient were chosen for the 
experimental research.  The sites and their average rainfalls are: Jindiress, 540 mm; Kafr Antoon, 459  
mm; Tel Hadya, 350 mm; Breda, 250 mm; Khanasser, 200 mm. 
 
  The main emphasis of this research is a multifactorial agronomic experiment conducted at the  
five sites. The factors tested were seeding rates, the application of phosphorous and nitrogen fertilizers  
and the method of  planting. Allan found the response to phosphorous to be particularly outstanding at  
the two drier sites.6  This is shown in Table 1 where yields of both grain and  straw are given for  two  
years  (1979/80 and 1980/81).  Due to the significant response of the crop to fertilizer application, the 
team has focused on studying that relationship. 
 
 To illustrate the contributions of the various disciplines in the Program to understanding the 
effect of this fertilizer response and exploring its potential use by farmers in these areas, five points can 
be made: 7 
 
 1.  In physiological studies, Keatinge found that improved nutrition (particularly phosphorous)  
      increased leaf growth and dry matter of the barley plant at a very early stage and that this 
      advantage persisted until maturity. This resulted in 30 percent more tillers 45 percent more 
      grains, and 24 percent   more yield per ha. (Figure 1) 
 
  2.   From current soil moisture studies, the soil moisture recharge and discharge patterns were  
       derived  (Figure  2). Crop moisture use and water use efficiencies calculated by Cooper show 
       that where the barley crop was fertilized, it used more moisture more efficiently than an 
       unfertilized analogue (Table 2). 
 
 

4 Nordblom, T.L. "Livestock-Crop Interaction: The Decision to Harvest or Graze Immature Grain               
 Crops. "Discussion Paper, ICARDA. 
5 Somel, K. "Barley Production in Syria."  Discussion Paper, ICARDA (Forthcoming). 
6 Allan, A. In various Research Reports of the FSP. 
7  These points are reported in detail in "FSP: Highlights of Research Activities, 1980/81 and Research       
 Projects  1981/82."  ICARDA, 1982,  p. 41-49. 
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Table  1.   Predicted yield parameters for low, medium and high rates of phosphate on Beecher Barley.a      
      (in tons/ha.) 
                1979/80b               1980/81c 
      Grain   Straw   Grain   Straw 
 
 L 3.26 4.17 3.28 4.56 
Jindiress M 3.26 4.17 3.83 5.33 
 H na na 3.89 5.90 
      
 L 3.49 4.33 4.26 7.01 
Kafr Antoon M 3.81 4.97 4.37 6.90 
 H na na 4.89 6.38 
      
 L 3.78 5.11 3.61 6.02 
Tel Hadya M 4.02 6.45 3.61 5.36 
 H na na 3.61 7.39 
      
 L 2.04 2.61 1.47 2 34 
Breda M 2.36 3.25 2.40 5.34 
 H na na 2.50 5.25 
      
 L 1.94 2.30 0.96 1.15 
Khanasser M 2.78 2.94 1.71 2.34 
 H na na 1.85 2.59 
       
aLow = O P2O5 /ha, medium = 60 kg P2O5 /ha, and high = 120 kg P2O5 /ha.   
   na  =  not available in the first year. 
bThe 40 kg  N/ha plots received a  seed rate of 120 kg/ha. 
cThe plots received 60 kg N/ha at a seed rate of 90 kg/ha. 
 
     3.   Harmsen determined the phosphorous contents for soils at the five sites (Figure 3), and these  
 correspond quite well with the phosphorous response in the agronomy trials. For example, it 
 explains why there was no response to phosphate application at Tel Hadya (Table 1 and Figure 
 3) where available phosphorous was high. 
 
     4.  This research has clearly defined the gap in various rainfall zones between the potential yields  
 on farmers' fields and the yields farmers are actually achieving. The FSP has taken samples from 
 barley fields in each zone (Table 3, column 2), and yields of the FSP trials just described are 
 also given (column 3). Note that the potential increase in grain production is greater in the drier 
 sites and is an   incredible 254 percent in the driest rainfall zone (200 to 250 mm precipitation 
 per annum). 
 
          This information reinforces our commitment to the dry areas in ICARDA region. These 
 agronomic results, the findings of the surveys and the experience of our, scientists suggest that 
 these drier areas (average annual rainfall not aver 350 mm) (1) at present are significantly more 
 economically disadvantaged, (2) have been neglected by agricultural research projects in the 
 past, and (3) somewhat surprisingly have a great potential for improvement, perhaps more so on 
 a percentage basis than in the higher rainfall areas. 
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Table  2.  Water Use, Dry Matter Production and Water Use Efficiencies for Barley (B) in the   
  Presence (+) and Absence (-) of Nitrogen and Phosphorous Fertilizer 
 
     TREATMENT                                             BREDA 
       B0                      B+ 
 
Evapotranspiration  (mm) 
 
   Germ. Anthesis     193                     181 
   Anthesis  Harvest       57                        67 
 
     TOTAL      250                     248 
 
Dry Matter Production (kg/ha) 
 
   Anthesis      1980                   3847 
   Harvest      3550                  4940 
   Grain Yield      1720                   2130 
 
Water Use Efficiency kg/ha/mm 
 
   Germ. Anthesis     15.4 (59)*             21.3 (107)* 
   Anthesis Harvest     10.0                    16.3 
   Total Period      14.2                    19.9 
   Grain Yield        6.9                       8.6 
 
 
*Figures in parentheses are units of "green area indices x days duration" for the period of germination   
to anthesis. 
 
 5. The causes of this gap need to be identified, and we are focusing our efforts on doing so. It is 
 certain   that part of the gap is due to economic conditions and cannot be closed.  For example, 
 the extra grain returned by the last few kilograms of phosphate may not pay for the increased 
 costs.  By constructing partial budgets (Table 4), we can compare two practices.  In column 1, 
 the revenue from the production of Beecher Barley with no phosphate (with 60 kg N/ha, seeding 
 at a rate of 90 kg/ha and averaged over   drilled and broadcast plots) is shown. In column 2 the 
 calculation is given for the plots where 60 kg/ha pf P2O5 was added. 
 
 There was an increase in production costs of 326 Syrian Lira when phosphorous was used.  This  
 includes the cost of the phosphorous itself, the labor to broadcast it, the cost to the farmer if he 
 had to borrow money to buy the fertilizer and, no less important, the increased harvesting costs 
 incurred to process the higher yields.  Increased weed problems from phosphorous use have not 
 been measured and this is not added to the cost calculations, but neither is the residual value of 
 phosphorous to a subsequent crop in the same field added to revenues.  As can be seen by 
 comparing the net benefit of these two  practices,  60 kg of  P2O5 is highly economic, as net 
 revenue increased by 925 Syrian Lira.  This gave a benefit cost ration of 2.8 or every extra Lira 
 spent returned 2.8 lira: increased use of phosphorous fertilizer is an attractive option indeed. 
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Table 3.    Barley yields 1980/81. 
 
                                                                           Potential 
Rainfall1            Yields on                 Yields on          Increase 
  Zone           Farmers'  Fields             FSP Trials       (in percent) 
 
     1                  3,150                    4,100                       30 
     2                  1,211                    3,610                     198 
     3                  1,106                    2,400                        117 
     4                       674                    1,710                        254 
 
1Agricultural areas in Syria can be divided into four agricultural stability zones which are most strongly  influenced by                     
average rainfall.  They are: 
 
 Zone 1   Over 350 mm of rain per year. 
 Zone 2   250-350 mm and not less than 250 in two of three related years. 
 Zone 3   Over 250 and not less than this in half the years. 
 Zone 4   200-250 mm and not less than 200 in half the years. 
 
Table  4.   Partial Budget for Phosphate Application to Barley at BREDA 
      (Rainfall 292 mm in 1980/81 Cropping Season) 
 
                                   Figures per ha 
 
                                           No  P2O5              60  kg P2O5 
 
INCOME 
  Grain Yield                           tons 1.470                 tons  2.400 
  Grain Revenue                     1,029.     SL              1,680.    SL 
  Straw Yield                           tons 2.340                 tons  5.340 
  Straw Revenue                        468.     SL               1,068.     SL 
       TOTAL REVENUE        1,497.    SL              2,786.     SL 
 
EXPENSES 
  Fertilizer 
  P2O5  x  price                  -                         130     SL 
  Labor for application        -                          10      SL 
  Credit                                -                          13      SL 
 
  Harvesting 
  Labor, equipment,    
  transport, bags,   etc.                         -                          173     SL 
TOTAL CHANGE IN EXPENSE      0                         326      SL 
 
NET BENEFIT                        1,497.  SL                  2,422      SL 
 
Notes:    a)   Cost of P2O5              =    2.17 SL per kg 
         b)   Price of Barley grain     =    0.70 SL per kg 
         c)   Price of Barley straw    =    0.20 SL per kg 
         d)   Labor for Broadcasting  =  10.00 SL per 120 kg of TSP fertilizer 
         2)   Both trials received 60 kg of N, at a seed rate of 90 kg with Beecher barley. 
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 The agronomic experimentation continued in 1981/82 season.  The climatic conditions were 
quite unusual this year with an abnormally cold winter and less average rainfall early in the season.  The  
results of the  trials were never-the-less consistent  with what we had found before;  the response to  
phosphorous application was significant.  Thus, we have three growing seasons, each different, in  
which the results have been similar.  It was after the second year, however, that we made the choice of  
factors for on-farm trials.  That research is discussed in the next section. 
 
Test on Farmers' Fields 
 
     Stage  III 8 
 
 One characteristic of on-farm tests is that they are still research and not demonstrations; thus, 
while  two years of agronomic work is not sufficient to develop recommendations for farmers, it is 
sufficient  to move to the testing stage with some major findings. As variety and phosphorous were 
thought to be likely changes that could improve barley production in these areas, tests were set up to 
evaluate the effect of these two factors on barley production when they are grown under the farmers'  
conditions.   The objectives of the trial were to: (1) measure and compare the yield of local Arabi Aswad 
(Black Arabic) versus the improved variety, Beecher, (2) compare the response of both varieties to  
phosphorous application, (3) evaluate the economic return from these changes and (4) determine if there 
are any constraints to prevent farmers from adopting these practices if they were recommended. 
 
 The experiments were carried out in two villages, Breda and Khanasser in the drier zones.  The  
design and lay-out of the experiments were kept simple.  In each village, four sites of 0.4 hectares each  
were selected. Since this type of trial does not lend itself to or require statistical analysis, the trial is   not 
replicated at each site.9 Instead, it is more useful and informative to repeat the experiment at different 
sites with different farmers in the same agro-climatic zone. 
 
     The trial site is divided into four plots to accommodate the following treatments: 
 
     Plot  1.   Arabi Aswad barley with other inputs controlled by the farmer according to his normal    
         practices, 
     Plot  2.   Arabi Aswad barley plus 50 kg/ha of P2O5 with farmer's practices, 
     Plot  3.   Beecher barley with farmer's practices, 
     Plot  4.   Beecher barley plus 50 kg/ha of P2O5 with farmer's practices. 
 
The non-test factors were held at the farmers' levels. ICARDA  provided the new inputs while the 
farmers provided the land and other materials and contributed their own labor and management. 
 
 At Breda, farmers normally sow their seeds after the first rain in early November.  They cultivate 
the land once (ayar) and cover the seeds (rdad) by duckfoot cultivator.  Both seeds and  fertilizer are 
broadcast.  At Khanasser, 
 
 
8The contribution of F.Asfary, H. Halimaeh and M. Hallajian to this section are gratefully                
acknowledged. 
 
9Accepting the lack of control and statistical precision can be frustrating to scientists who have been  
trained to conduct their research on experiment stations. 
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the lower rainfall site, farmers sow their seeds as early as September before the beginning of the rainfall  
season.  They cultivate the land once (ayar) by a duckfoot cultivator and cover (rdad) the seeds by either 
drawing a bar across the plot (tabban) or a duckfoot cultivator.  Seeds are generally broadcast, but some  
farmers may drill the seeds after leveling the soil with a tabban.  In both zones, farmers use a similar  
seeding rate of 125 kg/ha.  Although this rate is high, the same rates were used in the trial in order to  
keep with local practice:  the seed rate was not a test factor. 
 
  Results from six of the trials are reported in Table 5, three experiments (1, 3 and 4) at Breda and 
three (5, 6 and 7) at Khanasser.  The other two experiments (one each at Breda and Khanasser) are 
excluded as these experiments were grazed by sheep.  The yields of Beecher and Arabi Aswad were 
both relatively low.  This is  partly attributed to the unusual frosts which occurred  intermittently during 
a long period between November and April (40 days at Breda and 47 days at Khanasser).  Also, yields  
of Arabi Aswad were unexpectedly close to those of Beecher.  Beecher Barley had better growth than  
Arabi Aswad early in the season, but this is not indicated in the yields;  Beecher Barley may have been 
more damaged by the frost than Arabi Aswad.  At least Beecher did not recover as well, and late in the  
season when moisture was limiting, Arabi Aswad seemed to catch up.  In general the effect of variety  
and phosphorous application on grain and straw yield varied greatly, and little can be said about the  
impact of either factor. 
 
  These results are disappointing but extremely informative, and the lessons learned from the 
exercise are valuable if they can be incorporated into future research.  The farmers themselves were  
excellent sources of information to explain the differences between the sceintist controlled trials and   
those of the farmers.  During the growing season, the farmers were visited frequently by the team, and 
information was gathered from them about their production practices and about the importance of  
barley to their family income.  These visits provided a means for the farmer to become more involved in  
the research and for us to see the farm family's reactions to the trials and determine what problems 
(technical or otherwise) he would have in adopting any recommendations that may come out of this  
research.  Some of the information collected during these visits is summarized in Tables 6 and 7. 
 
       Relevant  points that were raised by farmers in these interviews are: 
 
 1. The history of each plot was recorded, and in retrospect we did not pay enough attention  
  to this  issue when the plots were selected.  Most of the plots were sown with barley last  
  year (1980/81) and this  may have strongly influenced the results;  the experimental  
  results reported in the previous section were  on plots that were fallow in the previous  
  season.  In addition, other research in the FSP shows that  continuous barley quickly  
  leads to low yields.  Farmers know a barley/barley rotation leads to low  yields, but they  
  argue that they do not have enough land to leave any of it fallow.  Thus, at the experi-  
  mental level alternatives to barley/fallow are being studied, but this season we are           
  conducting the on-farm tests in the fallow/barley rotational sequence. 
 
 2. There was a confusion between Beecher Barley and a similar variety (same color) grown  
  in this area about six years ago.  The variety was discarded because of its poor feed  
  quality.  When Beecher is released by the Syrian Government, an extension effort must  
  be conducted to assure that this  confusion does not occur. 
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Table 5. Grain and straw yields (kg/ha) of barley at Breda and Khanasser 1981/82. 
 
 
  Arabi  Aswad-P Arabi  Aswad+P Beecher-P   Beecher+P 

 
Zone Trial 

No.  
Grain Straw Grain Straw Grain Straw Grain Straw 

 
3 1 774.4 1191.3 646.7   714.7 508.1 671.4 973.3   975.2 
 3 516.3   594.2 431.2   576.4 583.6 605 535.6   531.8 
 4 796.2 1081.5 910.3 1236.4 595.1 967.4 799 1133.2 
 Mean 695.7   955.7 662.7   809.2 562.3 748 769.3   880.1 

 
 
4 5   46.3 222.2 216.7   298.1 159.3   442.6 163   309.3 
 6 170.4 295.3 144.4   214.8   70.4   215.1 120.4   335.2 
 7 830.5 969.6 972.7 1147.6 667.6 1268.8 771 1170 
 Mean 349.1 483.5 444.6   553.5 299.1   642.2 351.5   604.8 
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Table 6. Information from farmers. 
Plot History 

Soil 
 
 
 

Zone 

 
 
 
Farmer 

 
 
Farm Size 
(ha) 

 
Last year’s  
barley yield 
(kg/ha) 

 
Animals 
Sheep & 
Goats 

Quality Depth Topography 
Previous Crop 
1980/81 

   3 1 22.5   350  100 Poor Medium Slight slope 
and stony 

Fallow 
 
 

 2 10 1000      5 Poor Shallow Stony Barley 
 

 3   3   635     10 Fair Medium Flat Barley 
 

 4 16   900       6 Good Medium Slight slope 
but no stones 

Barley 
 
 

         
   4 5 15.5   400       0 Good Deep Flat Barley 

 
 6 30 1500       0 Medium to 

poor 
Medium Flat some 

stones 
Fallow 
 
 

 7 20 1800       0 Good Deep Flat Barley 
 

 8 53   720       0 Good Deep Flat Barley 
 

 

-89- 



    3.   But there may also be a problem with the feed quality of Beecher as the farmers complained 
 about this.  We found cases where the grazing value of a standing Beecher Barley  crop was half 
 the value of a field of Arabi Aswad.  Farmers claimed that Beecher grain needs to be crushed 
 before feeding it to sheep and that the straw is too tough.  Digestibility studies of these two 
 joint-products are currently being conducted at ICARDA. 
 
     4.  There is a problem in these drier areas with the availability of fertilizer as it is difficult for the   
 farmers to acquire phosphorous from the government distribution centers, particularly for use on  
 barley.  If a farmer has some irrigated areas, he can get fertilizer (and short-term credit if 
 necessary) from the Agricultural Bank, but not for his barley plot.  If he does not own irrigated 
 land, he must buy fertilizer in the market at higher costs and frequently arrange for it to be 
 transported from Aleppo.  If fertilizer use is going to be recommended on these dry areas, we 
 must involve the government organization responsible for fertilizer distribution in this research. 
 
     5.  We found a peculiar distribution of animal ownership.  Next year, more farmers that 
 cooperate in the on-farm trial should own sheep.  We know from other research that most 
 farmers  in rainfall  zones  3 and 4 own  animals,  and  that   decisions  with respect  to  barley 
 production are strongly  influenced by  the  feed  requirements  of   the  sheep.   Since none 
          of the  farmers  near  Khanasser with  whom  we are  cooperating owned animals,  we  received  
 little   information from  them on   the  important  interaction  between  livestock  and  crops. 
 Those farmers who did have sheep raised several questions about grazing barley plots.  These are 
 currently under investigation by Bordblom in the study mentioned above. 
 
     6.  The decision about grazing the barley plots is certainly important and complex.  Since his 
 year (1981/82) was a poorer growing season than normal, many farmers in the dry areas did not  
 harvest the  barley but left it for the sheep to graze.  This raises an important question:  How 
 should we treat experimental plots that are grazed?  Two of the on-farm trials were grazed this 
 year, and this problem has been encountered frequently in research in the Cereals Improvement 
 Program on farmers' fields.  The tendency is to ignore these cases rather than use them to 
 understand farmers’ practices and to estimate the profitability of grazing. 
 
 One can see from Tables 6 and 7 that additional lessons could be drawn from the information 
provided by farmers involved in this research.  However, the description of the research and the six 
issues raised in the interviews should be sufficient to indicate the style of the work we are conducting on  
farmers' fields as well as its value to the FSR process. 
 
 From a personal perspective, I have been struck by the power of this research once the farmer  
becomes involved.  This has become clear at a number of different levels. 
 
 First, the information provided by the farmers involved in the on-farm tests is more accurate and 
more detailed than the information generally collected at the diagnostic stage.  This is natural; the   
confidence that developed with the 
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Table 7. Information from farmers about barley yields and prices. 
 

Yields 1981/82a 
Priced of 
barley in 

spring 

 
 
 
Farmer 

Grain  
on own  
field 

Strawb 

on own  
field 

Grain Straw

 
 
Cost ofd 

grazing 
barley 

 
 
Cost ofd 

grazing 
stubble 

 
 
Cost ofd 

hand 
harvest 

 
 
 
 
Comments on Trials 

1   300c   500 1.25   .50 150 20 300 Convinced of cultivar differences but not 
fertilizer effect 

2   700 3000 1.25   .35 100 20 Family 
labor 

Accepts cultivar but wants more experience 

3 Grazedc Grazed 1.15   .40   80 20 Grazed Does not understand the trial.  Not sufficient 
explanation 

4 1500 3000 1.10   .50 100-300 20 300 Likes new varieties 
5   250   380 1.10   .80 120-150 25 250 Could see cultivar and fertilizer effects early 

in season which disappeared by harvest time 
6 Grazed Grazed 1.05   .80 175 30 Grazed Offered suggestions on planting date and 

method. No differences in treatments 
 
7 

  
 750 

 
na 

 
1.05 

   
.80 

 
225-250 

 
30 

 
350 

Was impressed with fertilizer response even 
in a poor year.  He is confused about 
Nitrogen and Phosphorous fertilizers 

 
 
8 

 
 
Grazed 

 
 
Grazed 

 
 
1.25 

 
 
1.00 

250 
Arabi 
Aswad 
125 
Beecher 

 
 
25 

 
 
Grazed 

 
 
Very concerned about grazing qua- 
Beecher 

aIn Kg/ha. 
bIf hand harvested 
cHail at harvest affected the yields of farmers 1 and 3. Other farmers had harvested before this date. 
dIn Syrian Liras. 
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farmer as he  got  to know us  better and his increased understanding of  the research encouraged  him to 
be more open. The accuracy of socio-economic variables are particularly important.  Several questions 
which had been asked but poorly answered in surveys were answered much more completely by  
farmers  cooperating in the  on-farm tests.  The pressure for continued use of the land and the problem of  
fertilizer availability are two examples of factors that were only brought  to our attention  at the  testing  
stage.  Thus, next year we plan to allocate even more time to such discussions with these farmers. 
 
  Secondly, the actual reporting of the information gathered in these visits has served to improve 
communication among team members. Theoretically, FSR calls for multidisciplinary teams to work 
together to solve the problem of  the farming systems;  all team members should participate in  each  
phase.  In practice, however, frequently only two or three team members are involved in these 
discussions.   Thus we experimented, from a communication perspective, on giving rapid feed-back 
from these visits.  Short, informal write-ups were circulated to team members within two to three days 
of the visit.  They were written in a light manner to keep reader's attention and yet intended to be   
informative. Not only did these serve as an effective communication device within the SP, but they 
stimulated  comments  from other scientists as well   (for example, from the  Cereal Program where 
barley is an important research topic).  An example of such a communication is reproduced in the annex. 
 
  FSR is often described as an  interactive process, where new information is constantly evaluated 
by  the research  team and  the team returns to previous stages of the FSP process to clarify points and 
gain  further understanding of the agricultural process.10 At  ICARDA, information that has  emerged  
from the on-farm  trials  has  repeatedly sent us  back to Stages I  and  II.  For example, determining the 
magnitude of barley use as  a forage has  been a part of the barley survey,  i.e.,  a  return  to the 
diagnostic stage.  Observations that farmers have made about the palatability and digestibility of  
Beecher Barley has  prompted investigations on these issues on sheep at  the experiment station, i.e.,   a  
return to the design stage. 
 
 Finally, the successes and failures of ICARDA's experience in  on-farm tests have  shown  us the  
applied and practical  nature of FSR.  We agree with others that a  key  to on-farm  trials is  to 
differentiate as  to the degree of farmer  involvement.   Progressing from scientist managed to joint   
(farmer-scientist) managed and then to farmer managed trials is a necessary sequence in order that 
recommendations  for  farmers can  be developed.¹¹   While  ICARDA's research has not progressed  
past the  stage  of  joint-managed trials,  we  already have seen  the value of on-farm trials  as  a way  to 
solve problems  that  would not have been faced  if  research  were  organized along  traditional  lines.   
As this example  should  illustrate,  we are now  close to  recommending new  technologies or  new  
production  practices with  the  confidence  that  they  will  be  easily  and quickly  adopted by  farmers 
for  whom  the research is  intended.  This assumes that  issues of  feed  quality,  fertilizer  availability,   
etc., will be settled beforehand. 
 
 
 
 
10Gilbert,  E.G., D.W. Norman and F.W. Winch. "Farming Systems Research: A Critical Appraisal."         
MSU Rural Development Paper; No. 6.  Michigan 1980,  p. 17. 
 
¹¹Shaner, W.W.,  P.F. Philipp  and W.R. Schmehl. Farming Systems Research and Development:  
Guidelines for Developing Countries.  Colorado, 1981,  p. 111. 
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Stage IV 
 
 The process of extending these results to farmers, once they have been verified, is likely to raise 
as many interesting and complex questions as were found in conducting on-farm trials.  While ICARDA 
looks forward to interacting with national extension services and other organizations in the Middle East, 
we have not yet arrived at this stage.  Others can contribute more to discussing this issue, and it is not 
dealt with in this paper. 
 
Conclusion 
 
 In spite of the increased exposure that FSR has had in the past five years, few agricultural 
scientists, at least in the Middle East, have been exposed to it.  FSR encompasses a wide variety of 
activities --perhaps too wide – and it is a bit nebulous.12  However, it should be flexible and adaptable to 
the many and various agricultural systems in the world.  If a few basic principles can act as common 
threads to hold the fabric of FSR together, the concept can prove to be useful even though there are 
differences in the approaches taken by its practitioners.  Improving the methodology of on-farm trials is 
one area which would strengthen FSR, and, at ICARDA, we think we can contribute to this process.  We 
will do so with a strong team of biological scientists and with an important stress on communication. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12Byerlee, D., L. Harrington and Donald L. Winkelmann.  “Farming Systems Re- search:  Issues in 
Research Strategy and Technology Design.”  Invited Paper AJAE meeting.  Utah, 1982. 
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ANNEX 
 

BARLEY ON-FARM TRIALS 
 

Interview  with  Farmer  No.  4 
 
Introduction 
 
  Fahed  Hajdaher is one of  the four Breda farmers who is cooperating with ICARDA in on-farm 
barley trials this year.  He was initially contacted through the Breda Agricultural Office with the help of  
Saied Assa (Abou Ali), our guardian at the Breda experimental site.  On February 3, neither rain, cold  
nor strong winds could dampen Mr.  Fahed's enthusiasm to first show us the test plots on his field and  
then his willingness to patiently answer our many questions in his home.  While having uncertain  
expectations for the trials, he is certain of one thing -- he wants to improve his barley yields. 
 
 There are four such cooperative farmers in Breda.  Both Mr. Fahed and Mr.Saied  (who was  
present  during  the  interview) explained that some of the villagers were not willing to cooperate with   
ICARDA.  The scars left from land reform changes in the past 20 years are still visible and the farmers  
possess some fear of losing their land.  Mr. Fahed cooperated because he wants to develop an on-going  
relationship with knowledgeable scientists so that he can seek help with problems of worms or disease  
in the future.  He also wants to learn about new techniques such as fertilizer application and new 
varieties. 
 
 He does expect yields on the trials to be higher than his own field, although he was hesitant to  
attribute this to either one of the two effects we are testing -- the  application of phosphate fertilizer or   
Beecher, a  new cultivar of barley.   Yet, as a result of our trials, Mr. Fahed had increased phosphate use  
on his own barley plots.  (More on this later.) 
 
 He expects the new cultivar to have longer stems.  This is a useful characteristic since it makes  
mechanical harvesting easier.  On the other hand, he was concerned about the quality of the Beecher 
grain.  He gave us a long explanation of the differences between his barley (black) and our barley   
(white).  He feels that black is superior to white as (1)  animals like it better, (2) the price is higher (the 
current price of black is 1.1 SL/kg and white is 0.9 SL/kg;  at harvest, black was 0.65-0.80 SL/kg) and 
(3) it has a higher potential yield (15 times the seeding rate).  (Note the inconsistency with the above  
paragraph.) 
 
 These impressions are unfortunate since he is confusing Arabi Abiad (Arabic White) with  
Beecher.  This is a misconception that we need to correct in the next several visits, and perhaps small   
signs on his plots in Arabic would help.  Obviously, he has no information on which to base his  
expectations of Beecher's yield  potential.  (He has not visited the trials at the nearby FSP site in either 
of the previous two years.)  The discussion led to his conclusion that (1) he had not tried this variety  
before, and he was waiting to see the yield, (2) it was not yet available in the Aleppo region, but (3) if it 
is good he would try to find it for his own use next year.  
 
Special Topics 
 
      Our subsequent line of questioning revolved around three topics.  They are straw (tiben) use and   
other feeds, barley production and barley yields and use.  We discuss each of them in turn. 
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A.  Straw Use 
 
 Mr. Fahed explained that white barley straw is important, and it is also expensive to gather after 
harvesting.   Combine harvesting, which reduces the need for labor, yields a cost savings which more 
than pays for the loss in straw.  On barley fields that are machine harvested, the majority in the village, 
the straw is not gathered, but the fields are grazed by sheep.  If the farmer does not have enough of his 
own sheep, he may rent out the field for other flocks in the neighborhood.  The rental price for this was 
20 SL/ha last year, which seemed to us to be surprisingly low. 
 
 The flat village lands  are almost all machine harvested, but there is a small stony hill area 
nearby  which is still hand harvested and this is the source of barley straw for winter feed.  This 
amounted to about 1-2 hectares for Mr. Fahed. 
 
 Straw is also used in constructing mud houses.  Straw for this purpose does not need to be long, 
and shredded straw from the combine harvested plots can be used. 
 
 Mr. Fahed only has six head of sheep which supply milk and yogurt (laban) for the family.  
Thus, he does not graze all his barley land with his own sheep and he rents that which is extra, 
frequently to bedouin flocks. 
 
 He indicated his understanding of economics in defending his claim that barley straw has little  
economic value.  We asked about yield increases in good years and thus more income from straw sales.  
He patiently explained that in good years there is also good grazing in the nearby steppe (badia) and  
demand for grazing harvested crop land declines as do straw prices.  A poor year produces the converse  
effects so the actual earnings per unit land area are rather steady (and small). 
 
 Yet, in spite of this, he told us the white tiben (barley and wheat) currently costs about 0.40-0.50   
SL/kg. 
 
 After his animals graze barley residues in the summer, they graze cotton crop residues in the 
autumn.  These residues are more valuable where land rents reach 400-500 SL/hectare, i.e., 20 times 
barley crop   residues.  In the winter he buys feeds such as cotton seed hulls, cotton seed cake and wheat 
bran from the nearby government cooperative.  He sometimes buys barley and straw either from the 
local market or from a neighboring village. 
 
 During the winter the sheep graze the village common lands and during the spring (March 
onwards) these lands supply a high portion of feed requirements.  He stressed the need for the sheep to 
get  exercise, which, among  other things,  keeps  them  healthy. 
 
 There is one flock in the village which is managed by a shepherd from the village, who is paid a  
monthly salary. 
 
B.   Barley Production 
 
 Mr. Fahed is growing 16 hectares of barley this year.  Eleven hectares are his own and five 
hectares are from his brother who is paying off a debt to him for performing tractor services.  The 11 
hectares are on three soil types and are divided as follows: 
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      1.   Good soil (Type 1) 6 ha in 3 plots, 
 
      2.   Medium soil (Type 2) 3 ha in 1 plot, and 
 
      3.   Poor soil (Type 3)  2 ha in 2 plots. 
 
 We discussed in some detail the parcel which contained the  trial (which is also his best one).  It 
is five hectares.  This is on flat land with good soil which is described as type 1 soil according to their  
classification of the land, and the two other types which are type 2 and 3 are recognized as average and 
poor or very stony soil.  Consequently, each major soil type is managed in a slightly different way with  
regard to seed, fertilizer inputs, and the method of harvesting. 
 
 He has planted  continuous  barley on  his  soil  type  1  plot  for  14  years.  Our disbelief 
showed, and he explained that this is possible since he uses chemical fertilizer.   From 1974 to 1978 he  
used 40-60 kg/hectare of Triple Super Phosphate (48 percent).  In 1978 he used some manure, and from  
1978 to the present he has used a new kind of phosphate fertilizer and he was not sure of its strength.  
Later he showed us the bag and it was 45 percent P2O5 . 
 
Land   Preparation 
 
 Since this field is near the village, it is heavily grazed after the harvest.  Thus, in August he  
makes two passes with a cultivator, the second pass at right angles to the first one.  Every third year he  
uses a disc plow instead of a cultivator, as this makes a deeper cut. 
 
 Then he waits until the first rain.  This year in early December, he cultivated once, broadcast his 
seed and made a second pass to cover the seed.  An application of phosphate was also made at this time. 
 
 He remarked that in the past he has used a spinner to spread the seed.  He seeded at a rate of   
120-150 kg/ha; the average this year was about 130 kg/ha.  The seed was from his own stock and not  
treated.  (He only treats his wheat seed with H-CB.)  However, the seed was selected from his best 
barley field last year. 
 
 This year he applied 100 kg of 45 percent phosphate/ha (45  kg P2O5/ha).  Since we believe this   
is unusual for Breda, we may wish to inspect neighboring fields this spring to compare our test plots.    
Also the residual effects from last year's P2O5 application (40-50 kg/ha of 45 percent phosphate) may 
effect this year's non P2O5 plot.  He does not use P2O5 from the agricultural bank in Aleppo.  If one does 
not have irrigated land, chemical fertilizer cannot be bought from the bank.  This year the phosphate cost 
927 SL/ton (45 percent), not including transportation.  Phosphate is available in the market (sook) at 
1,300 SL/ton and 100 SL/ton for transportation and loading. 
 
 He does not use nitrogen on barley fields and is not sure of its value.  He said that nitrogen is  
only used on irrigated plots in the village. 
 
 At this point, we stopped the discussion of the production practices because the season had not 
yet advanced to the stage of considering graze, weeding, etc. We switched the discussion to the four test 
plots that are on this same five hectare parcel.  He spoke fondly of Messrs, Fares, Allan and Haitham.  
While it is not clear why he should like these three "provocateurs" of change, we should 

-96- 



give them high marks for the relationship that they have established.  He mentioned that he had prepared 
the land for all four test trials and had refused any compensation.  The only thing he would like from 
ICARDA would be a new pair of binoculars for hunting falcons this summer.  We gladly leave this 
problem for the agronomists to work out. 
 
 Initially, it was not clear that he understood these various treatments on the plots.  After some 
discussion, however, it became clear that he did.  He noted, among other things, that the trials were  
planted 10-15 days earlier than the rest of the field and had almost germinated when he planted his 
field.  At the present stage of plant growth, no differences could be observed among the four plots.  With 
some prodding from us he decided that the variety effect will be bigger than the fertilizer effect. Why?   
"Because you have already put so much work into this variety to bring it way out here, it must be  
good." 
 
 It will be interesting, and necessary, to visit the trials several more times this year with Mr.  
Fahed to elicit his impressions as the plants develop and as, hopefully, some differences in treatments  
become apparent. 
 
C.    Yields 
 
 In a short discussion on yields, Mr. Fahed explained that yields depended on soil type.  Last 
year's yields for various soil types were: 
 
      -  Type  1  8-10  shwals/ha  = 8-10 quintals 
      -  Type  2      6   shwals/ha  =  6 quintals 
      -  Type  3  1- z   shwals/ha  = 1-4 quintals.  He estimates one shwal to be about 100 kg of barley. 
 
 On the five hectare plot he received 8 shwals/ha or 800 kg/ha last year.  These fields were   
harvested by a combine hired from a distant village.  We would think that these yields are not too 
difficult to beat and it will be interesting to get Mr. Fahed's opinion when we do. 
 
 In very good years, the barley is grazed in February to prevent lodging later on.  In poor years, it 
is possible that the fields will be grazed in April/May, instead of being harvested.  However, according  
to Mr. Fahed, this is rare.  The last time he did this was in 1969.  He claimed that even in 1978/79, a   
dry year, he still harvested his fields. 
 
Summary  and  Recommendations 
 
 At this stage, there are few changes that one could suggest since Mr. Fahed has responded very 
favorably to the many questions that we asked.  He is very pleased with the cooperation so far and is 
closely following the progress on the trial plots.  We would only suggest five issues for future con- 
sideration: 
 
      1.  In order to inform the Breda farmers better about our work at the SWAN site, a farmer's day may            
 be useful.  We may as well publicize our research effort there. 
 
      2.  We should keep an eye on the neighboring plots in order to measure the effect of Mr.Fahed's use  
 of P2O5 on  his  plot  compared  to  our non-P2O5 plots and compared to other non-fertilized 
 plots. 
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     3. We could easily mark the plot with signs in Arabic.  This should help clarify the differences 
 between "white" barley and Beecher. 
 
     4. We may also want to look at the palatability of Beecher straw.  This should go hand-in-hand with 
 other work in the Center on dual-purpose barley. 
 
     5. We need to assess, in the next several visits, the effect of planting earlier than the farmer and the 
 effect that this may have on weed population. 
 
 Mr. Fahed is certainly a pleasant, talkative and articulate person.  Undoubtedly, he is one of the 
leaders in the village.  It is interesting to note that Breda does not have a leader (mukhtar) at present.  
Apparently, Mr. Fahed's father was the (mukhtar) at an earlier date and it may be that Mr. Fahed fills 
some of the roles of a village leader.  This will become clearer when we visit the other three cooperating 
farmers. 
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I.  THE  NATIONAL  FRAMEWORK  AND  THE  INSTITUTIONAL ORGANIZATION  OF  IDIAP 
 
 Panama has characteristics which distinguish the country from the rest of Central America.  First, 
the effect of the Panama Canal on the economy has led to the development of an important financial and 
commercial sector geared toward international trade; this is reflected in the relative importance of the 
services sector within the country's gross national product (about 65%).  Second, Panama's rich natural 
resources, in relation to its population of some two million, and its ecological   diversity offer the po-
tential for self-sufficiency in food production. 
 
 The agricultural policy of the government during the past decade is a clear indication of its 
intention to increase domestic production of basic grains to satisfy the rising per capita level of con-
sumption of the growing population.  In particular, the government's pricing policy has stimulated 
domestic grain production for import substitution.  In the early 1970s, relative prices of basic grains 
increased as a result of a sustained program of government guaranteed prices.  In addition, the programs 
of MIDA, BDA, and IMA1 were broadened and geared toward production and income-redistribution   
objectives. 
 
  Until 1975, agricultural research had been carried out by the Ministry of Agricultural Develop-
ment (MIDA), the University of Panama, and various public and private institutions.  Then the Agri-
cultural Research Institute of Panama (IDIAP) was created for the purpose of consolidating research 
forces to effectively reach Panama's farmers; research scientists from MIDA formed its nucleus. 
 
 A guideline of the institution was that of focusing research on specific regions and crops for the 
development of technologies appropriate to representative farmers in areas defined as high national   
priorities.  Research could thus be concentrated on the most important farmer problems and on the 
scarce resources of IDIAP used to the best advantage.  Its activities were planned in a sequential pattern 
to permit methodological adjustments as experience was gained and to provide a framework for the  
training of a corps of national on-farm researchers. 
 
 
1Ministerio de Desarrollo Agropecuario, Banco de Desarrollo Agropecuario,  and  Instituto de Mercado 
Agropecuario. 
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 In 1978, the first such program began in the area of Caisan with the cooperation of CIMMYT, 
and a former CIMMYT trainee was assigned as coordinator of the program.  At the same time, the issues 
which would shape IDIAP's institutional organization were being discussed, and Caisan, its first area-
specific on-farm project, was expected to be a source of experience for the development of research 
procedures for IDIAP. 
 
 The Caisan program was planned and carried out strictly within the limits of the human and 
financial resources normally available to IDIAP.  Thus, the cooperation of CIMMYT (development of 
procedures and in-service training)2 was designed in such a way to not exceed normal resource 
allocation for area- specific programs. 
 
 Since the Caisan Program was designed to be one of learning by doing, no detailed, predeter-
mined methodology was specified for use in the various research stages.  Nevertheless, certain char-
acteristics were defined which conditioned the procedures to be followed.  They were: 
 
 1.  To be area specific with the purpose of increasing, in the short run, productivity and income       
      of representative farmers of Caisan. 
 
 2.  To use a farming system perspective, focusing on priority crops and concentrating on the     
      most promising research opportunities in terms of their potential for increasing productivity  
      and  income for target farmers.3 
 
 3.  To use on-farm research procedures including:  a) surveys to ascertain farmer circumstances     
      and  prevailing cropping patterns, and b) on-farm experiments carried out on fields of   
      representative farmers and featuring major research opportunities identified through the   
      surveys. 
 
II. THE CAISAN PROGRAM:  PLANNING STAGE 
 
 In the following sections, the lessons learned in carrying out the Caisan program will be de-
scribed in terms of methodology used and specific technologies developed for the farmers of the area. 
 
Information Gathering at the Farmer Level 
 
 In order to understand the agro economic circumstances of farmers in the Caisan area, available 
secondary information was analyzed as a first step.  The area includes about 10,000 hectares with some 
300 farmers from the communities of Fila Caisan, Caisan Arriba, Primavera, Caisan Centro, Plaza 
Caisan, Alto la Mina, Bajo la Mina, Caisan  Abajo, and Bajo Chiriqui.  
 
 
 
2For more detail see Martinez, Juan Carlos, and Gustavo Sain, "Evaluación Economica de los Programas 
por Area del IDIAP:  El Caso Del Programa de Caisan."  Documento Preliminar, CIMMYT, Mexico, 
Diciembre 1982, Section III. 
 
3Byerlee, D., I  Harrington, and D. Winkelmann, "Farming Systems Research:  Issues in Research 
Strategy and Technology  Design." American Journal of Agricultural Economics 64 (5): 897-904, 1982.    
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 The agricultural zone is concentrated in the western part of Caisan, where the land is flat or 
slightly hilly.  The rest of the area has irregular elevations and is used for perennial crops or for 
livestock.  The annual average rainfall is 4,000 mm, and the temperature ranges from 18 C in the dry 
season to 22 C in the rainy season. 
 
 The soil of the region is of relatively homogeneous fertility, being of volcanic origin with a   
sandy texture and granular structure.  It is deep black soil, well drained and with a high organic content.  
The most important crops are maize in the first cycle (March to September) and beans in the second   
(October to January).  These were to constitute the target crops of the program. 
 
 Within the framework provided through secondary information, an informal survey was made to 
get further information about the farmers of the area, their prevailing production systems, and their most 
important production problems. 
 
 The exploratory survey led to a formal survey, more rigorously focused on the production 
problems of the area.  It was designed to clarify certain aspects of prevailing production conditions 
which were identified in the exploratory survey and would be of value for further research.  The 
informal survey took place in August, 1978, and the formal survey in December of the same year. 
 
 The formal survey concentrated on maize in the first cycle within the maize/bean rotation 
system.  The survey sample was taken from a list of farmers included in the 1970 National Census and 
updated during the informal survey; a random sample of 52 farmers was selected for interview. 
 
 The formal survey verified and, in some cases, quantified the hypothesis formulated from the 
informal survey.  Almost all of the farmers produced maize (98%) and, of those, the majority rotated the 
crop with beans on the same plot (70%).  This confirmed the relative importance of the target crops, 
maize in the first cycle and beans in the second. 
 
 It was found that beans were planted after the maize harvest and after complete seed bed  
preparation.  Therefore, within this cropping system, the two crops presented a minimum on interaction. 
 
Use of Survey  Information  to  Plan  Experimental  Work 
 
      1. Definition of Recommendation Domains--With the results of the questionnaire in hand, the first  
task was that of developing tentative recommendation domains, groups of farmers whose agro economic  
circumstances were sufficiently similar to permit the development of  recommendations valid for all  
members of  the group.4 The first line of differentiation was by location.  Secondary information had   
shown that Bajo Chiriqui had agro climatic characteristics similar to the rest of the zone, but that access 
roads into the area were often impassable, posing serious market access difficulties.   This led to the 
hypothesis that farmer circumstances for Baja Chiriqui (Recommendation Domain 1) were different than 
those of the rest of the study area (Recommendation Domain 2). 
 
 
4Byerlee, Derek,  Michael Collinson et al, "Planning Technologies Appropriate to Farmers:  Concepts  
and Procedures."  CIMMYT, Mexico, 1981. 
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  This hypothesis was verified by the results of the survey which showed that there were marked 
differences in the use of inputs by farmers of the two areas (Table 1).  Because of the differences, 
technologies feasible for the two groups for the near future were different.  Since the Caisan research 
program staff worked with limited resources, efforts were concentrated on Recommendation Domain 2. 
 
Table 1. First Definition of Recommendation Domains:  Comparison of Maize Production   
  Practices for Bajo Chiriqui and the Rest of the Caisan Area, Maize, First Cycle 
 
 
                                               RECOMMENDATION           RECOMMENDATION 
                                    DOMAIN   1:                           DOMAIN    2: 
TECHNOLOGICAL  PRACTICE     BAJO CHIRIQUI                     REST OF THE AREA 
                                    (percent of farmers using the practice) 
 
Mechanized Land Preparation      0                                   74 
Use of  Herbicides                              0                                    66 
Use of  Fertilizers                    0                                    57 
Use of  Insecticides                              0                                    20 
 
 
Source:  Caisan farm survey, December 1978 
 
 2. Research  Opportunities--As mentioned earlier, experimentation must be carried out in 
relation  to the representative agro economic circumstances of the recommendation domain(s), con- 
centrating on  the most promising research opportunities in terms of potential increases in productivity 
and farm  income. 
 
  The information obtained from the farmers themselves, along with the perceptions of the 
researchers, made possible the limiting of research components to a minimum number for incorporation 
in the on-farm experimental phase.  Those technological components to be incorporated in the first 
round of trials were determined as well as tentative ideas for future research cycles to be verified 
during the first round of trials. 
 
 2.1. Technological Components for the First Cycle of On-Farm Experiments 
 
 Weed Control--Weeds constituted a major problem in Caisan maize production.  The natural 
fertility of the soil plus the ample rainfall led to a high incidence of weeds in farmers' fields--a problem 
clearly perceived by the farmers themselves and confirmed by the formal survey (Table 2).Given the 
socioeconomic circumstances of representative farmers, e.g., scarcity of farm labor and high labor cost, 
timely weeding by hand was not feasible. 
 
 Caisan farmers, from the point of view of the weed problem, faced a situation that may be 
defined as "transitional"--they were already seeking methods other than hand weeding to improve 
overall weed control and increase the productivity of the limited farm labor force.  For that reason, the   
majority were already using 2,4-D in applications of one liter per hectare, 30 days after planting. 
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Table 2.  Limiting Factors In Maize Production, Farmer Opinion 
 

GRADE OF INTENSITY 
PROBLEMS                 SERIOUS          NOT  SERIOUS          TOTAL REPORTS 
                          No. Reports  %     No. Reports %          No.       % 
 
Weeds                        30        85.7         3         8.6           33      94.3 
 
Lodging                       27        77.1         6        17.1           33      94.3 
 
Shortage of 
Farm Labor                  18        51.4         7        20.0           25      71.4 
 
Erosion                       11        31.4       10        28.6           21      60.0 
 
Insects                        10        28.6          9        25.7           19      54.3 
 
Lack of 
Machinery                    14        40.0         2          5.7           16      45.7 
 
Other                            6        17.2          7         20.0           13      37.2 
 
Source:  Caisan farm survey, December 1978 
 
 As a result of this situation, there was an opportunity for developing, in the short term, alterna-
tive technologies in chemical weed control for increasing maize production and labor productivity, with 
clear economic benefits for the farmer.  These alternatives were initially centered around the use of a 
selective herbicide, atrazine, although other chemical control possibilities were also analyzed. 
 
Spatial Arrangement-Density--Almost all of the farmers used "mateado" planting, irregularly spaced 
hand planting.  The hills were spaced about one meter apart, with four seeds per hill, thus giving a 
density of about 40,000 plants per hectare at seeding. 
 
 In this case, the research hypothesis was related to the weed control problem.  The irregular 
planting arrangement made chemical weed control difficult and so program researchers proposed 
planting in rows.  It was also felt that adequate chemical weed control would permit a greater plant  
density than then used by the farmer. 
 
Fertilizer Requirements--As a result of the survey, the problem of fertilizer use was seen to have several  
distinct facets:  
 
      1. From the production point of view, the farmer seemed to be familiar with the use of chemical 
 fertilizers; nevertheless, a large percentage (42%) did not use any.  Those who used fertilizers 
 (58%) applied it at a rate well below the recommended 400 lbs/ha of 10-30-10 or 12-24-12.  The 
 hypothesis of the researchers was that response to fertilizers, if any, would not be substantial. 
      
      2.   From the point of view of credit policy, the maize programs in the area had emphasized two  
 things, mechanization and fertilizer use. 
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  While mechanization had been fully adopted by the farmers, the same was not true of fertilizers.   
 As the bank was experiencing a high rate of repayment default in the area, it was important to 
 clarify the importance of fertilizer use in the Recommendation Domain, especially as to whether, 
 considering the farmers' practice (low dosage), the rate of return associated with additional 
 fertilizer use would be greater than the opportunity cost of capital. 
 
 Lodging--The strong winds in the area, particularly during June and July, represented an impor-
tant risk in the production process.  In the farmers' eyes, lodging was one of the most important prob-
lems, second only to weeds (Table 2).  Table 3 shows the frequency of wind damage in the last five 
years and the months in which it occurred.  Nearly 80% of the reported cases of wind damage took place 
during June or July.  The frequency of damage was variable, although during the given period all the 
farmers had suffered some damage on at least one occasion, the magnitude of harvest losses depending 
on the size of the affected areas and also on the state of maturity of the maize at the time.  Among the 
elements that contributed to increased incidence of wind damage in the zone was the excessive height 
(usually over 3.5 meters) of the maize variety used by the farmers. 
 
 In spite of the fact that other shorter varieties had been tried in the area (among them Tocumen 
7428), they had not been accepted by the farmers.  According to reports they were not sufficiently   
resistant to the excessive humidity characteristic of the area--the ears rotted and the husks did not close 
well--and yield did not surpass that of the local variety. 
 
  In view of the experience of the farmers with other varieties, it was decided not to experiment 
with new varieties in the first stages of the work, but to design a modest program for the reduction of the 
plant height of the local variety.  Information obtained in the survey had also suggested that, in the short 
term, the increase in productivity and income from other research components (such as weed control and 
plant density) would be superior to that from the use of new varieties. 
 
Table 3.  Date and Frequency of Lodging 
 

NUMBER  OF  YEARS  IN  WHICH  WIND  DAMAGE  HAD  OCCURRED  IN  THE  MONTH 
LAST  FIVE YEARS 

 
Month                                                                         No 
                         1         2       3       4          5      Response        Total 
 
May                   2         1       -        -          -               -                   3 
June                   6         -       2        -          5              -                 13 
July                    1        4       3        -          5              -                 13 
August               1        -       -        -         2              2                   5 
 
Total                 10        5       5        -       12            2                34 
 
 
Source:   Caisan farm survey, December 1978 
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2.2 Technological Components Beyond the First Cycle--The foregoing section has represented the   
prescreening of technological components for inclusion in the first cycle of maize experiments.  The 
idea was to concentrate the research on a minimum number of new technological components which 
could be managed by the researchers assigned to the program, and thus quickly result in feasible   
technological alternatives for target farmers.  By the very nature of the research strategy, it is clear that 
the selection of technological components did not exhaust all of the problems of the area nor did it 
completely determine the future of the research. 
 
 In particular, there was concern about erosion as reported by the farmers (Table 2) and confirmed 
by direct observation; this together with the lack of machinery and scarcity of farm labor led to the 
consideration of future research and zero tillage as an alternative to the conventional tillage presently 
practiced. 
 
 It was decided to postpone the incorporation of tillage practice as an experimental variable until   
more information could be obtained to permit the validation of hypothesis associating it with chemical   
weed control.  The technical aspects of the practice needed to be better understood before becoming 
involved in the relatively more complex research issues associated with zero tillage. 
 
 Information that was generated at the planning stage had not fully clarified the nature and   
magnitude of the insect problem, particularly soil insects.  It was hoped that the first cycle of 
experiments would shed additional light on this research issue for inclusion in future phases of the 
research program. 
 
Research Strategy and Trial Management 
 
 Through the research process described in the previous section, five technological components   
were selected for inclusion in the initial stages of research: 
 
      1) Weed control 
      2) Spatial arrangement - density 
      3) Nitrogen requirements 
      4) Phosphorous requirements 
      5) Lodging 
 
 It was decided that the last component would be handled separately from the others in a special 
maize improvement program to reduce plant height.  If successful, the effort would permit a reduction in 
the production risk associated with lodging.  Given the nature of plant breeding, the payoffs from this 
effort would be in the intermediate term. 
 
  The remaining research components, all involving on-farm trials, were organized into two  
groups according to the nature of the problem being addressed, the time period in which research  
payoffs  could  be expected, and  the  research priority assigned to the component. 
 
 The first group included the components weed control and spatial arrangement-density, which  
were expected to play a key role in the program in terms of their potential far increasing productivity   
and income.  Also, the problems to be confronted in the two areas were strictly ones of production; no   
limitations 
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were anticipated in terms of policy or availability of inputs.  Research on the components was set for the 
near term with results leading to recommendations expected after two cycles of experimentation.  The 
above considerations led to these two components being assigned first priority in the research program. 
 
 For the medium-term research horizon, and of second priority in the initial research phase, were 
the components of nitrogen and phosphorous requirements.  Interest in those components was not 
restricted to the area of production, but was also related to agricultural policy.  Credit programs in 
the region had traditionally emphasized the use of fertilizers;  nevertheless, even though the farmers  
were familiar with fertilizers, almost half did not use them, and of those who did, amounts less than  
those recommended were used.  There was no evidence of fertilizer response in the area, and the 
perception of the researchers was that, given the natural fertility of the land, even if such a response   
existed it might not be substantial.  Therefore, the inclusion in the research program of fertilizer 
treatments as experimental variables was addressed more towards policy makers than farmers. This 
more complex nature of the fertilizer problem (production/policy issues) decided the medium-term 
horizon assigned to this group. 
 
 The grouping of the components was not merely taxonomic, but rather had implications for the   
management of the experiments.  The four technological components were incorporated as experimental 
variables in uniform trials of an exploratory nature, with the main effects and interactions studied 
through a factorial arrangement 24, in relation to the farmers' practice.  The exploratory experiments  
were complemented by levels trials in which experiments were carried out on various types of 
herbicides, amounts and times of application, and application rates for nitrogen and phosphorous. 
 
 In the trials incorporating weed control and spatial arrangement-density as experimental vari-
ables, the nature and levels of non-experimental variables were set at the prevailing and representative 
practices of area farmers.  This allowed the results of the trials to be evaluated directly in terms of their 
potential impact for representative farmers in the recommendation domain. 
 
 The fertilizer studies, oriented toward the medium term, were handled "as if" the farmers had 
adopted better weed control alternatives.  Consequently, the corresponding non-experimental variables 
were fixed at optimal levels according to available information at the planning stage.  Finally, the check 
levels in the experimental variables were in all cases the corresponding farmers' practice. 
 
III. FIRST CYCLE RESULTS AND THEIR IMPLICATIONS 
 
Exploratory Trials 
 
  The exploratory trials of 1978 attempted to analyze the agro economic impact of the new tech-
nological components for representative farmers in the recommendation domain, as well as to see the 
interactions among the components.  The exploratory analysis had a double purpose:  1) to verify the 
hypothesis set at the planning stage of the program in the identification of priority problems and 2) to 
analyze the agro economic feasibility of developing corresponding technological alternatives.  In other 
words, the hope was to identify the priority problems and, at the same time, contribute information for 
their eventual solution. 
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ON-FARM RESEARCH PROGRAM 
CAISAN, PANAMA 

 
EXPERIMENTAL STRATEGY AND TRIAL MANAGEMENT, MAIZE FIRST CYCLE 

 
PRESCREENING OF TECHNOLOGICAL COMPONENTS; TIMING OF RESEARCH; PURELY PRODUCTION PROBLEMS VS PRODUCTION PROBLEMS 
ASSOCIATED TO AGRICULTURAL POLICY.  MANAGEMENT OF EXPERIMENTAL AND NON-EXPERIMENTAL VARIABLES. 
 

EXPLORATORY TRIALS (24) LEVEL TRIALS  
 
PRESCREENED 
COMPONENTS 

 
 
PROBLEM 
NATURE 

 
 
TIMING OF 
RESEARCH 

 
COMPONENTS 
INCLUDED 

 
RANGE OF 
EXPERIMENTAL 
VARIABLES 

 
NON-
EXPERIMENTAL 
VARIABLES 

 
COMPONENTS 
INCLUDED 

 
NON-
EXPERIMENTAL 
VARIABLES 

 
A) WEED CONTROL 
 
B) PLANT DENSITY 

AND SPATIAL 
DISTRIBUTION 

 
 
PRODUCTION 

 
 

SHORT 
TERM 

 
 
 

A 

 
 
 
FP 

 
C) NITROGEN 

REQUIREMENTS 
 
 

D) PHOSPHOROUS 
REQUIREMENTS 

 
 
PRODUCTION-
AGRICULTURAL 
POLICY 

 
 

MEDIUM 
TERM 

 
 
 

A 
B 

 
 
 

C 
D 

 
 
 
FP AND 
ALTERNATIVE 

 
 
 

FP 
 

 
 

C 
D 

 
 
FP + H1  
AND  
FP + H1 + D1 

 
        E)   LODGING 

 
BREEDING 

 
MEDIUM 

TERM 

 
PROGRAM TO REDUCE PLANT HEIGHT OF LOCAL VARIETY 

 
 
NOTES     –  FP: Farmer Practice;  
  H1:  Improved Practice in Weed Control;  
  D1:  Improved practice in Plant Density and Spatial arrangement.   
  The Check Levels on the Experimental Variables Correspond to FP in all Trials. 

-107- 



 Thus, six trials incorporating four of the five technological components chosen as priorities for 
the first cycle of experiments were carried out, utilizing an incompletely randomized block design with   
a factorial management of 24 and without replications.  The criteria for fixing levels of experimental 
variables was that 1) farmer practice was always used as one level, and 2) the other level was one that  
would permit the detection of main effects and interactions should they exist. 
 
 The reasons for not replicating the trials in each locality were of diverse nature: 1) in choosing   
between statistical vigor (more replications per site) and a wider sampling within the recommendation  
domain (more localities), the research team gave more weight to the latter; 2)  researchers felt that trial 
plot size requested of farmers should be minimal in the initial stage of the research, when the farmers  
were not acquainted with either the staff or the nature of  the program; 3)  research sites were carefully  
selected  to fit characteristics of the recommendation domain, presumably leading to less across-site 
variability and allowing sites to be treated as replications once across-site consistency was verified; and  
4)  the design-arrangement of the trials contained "hidden" replications which permitted partial statistical   
analysis per locality if necessary. 
 
 Of the trials, one was eliminated because of unusual damage by animals; of the remaining experiments, 
the lowest average yield was obtained using present farmer practices (2.9 t/ha) while the greatest yields  
were obtained when all alternatives to the farmers' practices were included (6.1  t/ha).  Table 5 shows 
the results by location and the average for the recommendation domain. 
 
 Table 5 also illustrates the potential impact of the factors considered.  On the one hand, there is 
marked yield advantage for the alternative herbicide and planting distribution-density practices, with   
the average yield advantage being 0.9 tons per hectare for each component.  On the other hand, the 
effect of chemical fertilizer use is practically nil, with positive and negative values around zero, depend-
ing on the location.  With this consistency in results obtained across locations, a statistical analysis was 
carried out for the group of experiments, treating the locations as repetitions.  The results were presented 
in Table 6. 
 
 One can clearly see the high significance obtained for the weed control and planting distribution 
-density components.  The interaction of the two components was statistically significant at the 10% 
level which, even if not conclusive, clearly indicates a research path to be continued.  Since each factor 
of the interaction is highly significant, the agronomic explanation that stems from this relationship 
would seem to be that more efficient weed control might eliminate weed competence for light, space, 
and eventually nutrients, allowing a more densely planted and better distributed planting alternative. 
 
  With respect to the nitrogen and phosphorous components, Table 5 showed that there was 
virtually no impact on yield.  The statistical analysis (Table 6) also indicates that there were no signif-
icant differences in yield due to the use of those chemical nutrients.  There is an agronomic explanation 
for this fact, resulting from certain characteristics of the recommendation domain.  First, Caisan is a 
relatively new maize production area with good soil structure and high natural fertility.  In addition, in 
the maize/bean rotation, the bean crop probably contributes nitrogen to the maintenance of natural soil 
fertility; there could also be a residual effect from the phosphorous applied to the beans in the second 
cycle (around 10 kilos of  N, 40 kilos of P2O5 , and 10 kilos of  K2O). 
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Table 5.  Exploratory Trails:  Main Effects by Location 
 

AVERAGE YIELDS BY LOCATION 
 
MEANS OF 
TREATMENTS  

I 
 

II 
 

III 
 

IV 
 

V 

AVERAGE YIELD 
FOR THE 
RECOMMENDATION 
DOMAIN 

(tons/ha, 14% humidity) 
H0 4.1 3.8 3.8 3.6 4.1 3.9 
H1 5.4 5.3 4.8 4.0 4.7 4.8      

Main Effect 1.3 1.5 1.0 0.4 0.6 0.9 
 
D0 4.3 3.8 3.4 3.6 4.2 3.9 
D1 5.3 5.2 5.2 4.0 4.5 4.8      

Main Effect 1.0 1.4 1.8 0.4 0.3 0.9 
 
N0 4.9 4.3 4.3 4.0 4.3 4.3 
N1 4.7 4.7 4.4 3.6 4.5 4.4      

Main Effect -0.2 0.4 0.1 -0.4 0.2 0.1 
 
P0 4.7 4.7 4.2 3.7 4.0 4.3 
P1 4.9 4.4 4.5 3.9 4.7 4.5      

Main Effect 0.2 -0.3 0.3 0.2 0.7 0.2 
Source:  Caisan trials, first cycle, 1979 
(H — chemical weed control; D — spatial arrangement-density; N — nitrogen; P — phosphorous) 
 
 In analyzing the economic feasibility of the technological alternatives incorporated in the 
exploratory trials, the agronomic impact was used as the basis. In this manner, the components that 
showed significant yield impacts and first order interactions (weed control and spatial arrangement-
density) were analyzed for their economic viability as compared to the actual farmer practices in the 
recommendation domain. Table 7 shows that the H1 and D1 alternatives presented an ample margin of 
profitability, with marginal rates of return (MRR) of around 700%.  Based on the interactions detected in 
the agronomic and statistical analyses of the components, the MRR of H1D1 suggests that the 
components should be considered together. 
 
 Up to this point, the empirical evidence from the analysis of the first cycle of exploratory trials 
indicated, with an ample margin of confidence, clear opportunities for the development of new 
technological alternatives for chemical weed control and spatial arrangement-density. 
 
 For the rest of the variables considered in the exploratory trials, (nitrogen and phosphorous), 
there were no significant differences in yields.  Without going through the economic analysis of the data, 
it can be tentatively inferred from the agronomic responses that the farmers' practice was the most 
reasonable technological alternative.5 
 
 
5Likewise, if we act “as if” the differences were significant and complete the economic analysis, we will 
find that the increase in yield far from compensates the costs incurred in the purchase and application of 
the chemical nutrients  under consideration.   

-109- 



Table 6. Exploratory Trials:  Combined Anova for the Five Locations 
 

 
SOURCE OF 
VARIATION 

 
DEGREES OF 
FREEDOM 

 
SUM OF 
SQUARES 

 
MEAN SQUARES 

 
F. CALC. 

Repetition   4     8.5531   2.1383   2.2688 
 

Blocks   5     2.4207   0.4841   0.5136 
 

H   1   19.7011  20.9031* 
 

D   1   19.5031  20.6930* 
 

N   1     0.0211    0.0224 
 

P   1     0.9901    1.0505 
 

HD   1     2.8501    3.0240 
 

HN   1     1.0811    1.1471 
 

HP   1     0.0061    0.0065 
 

DN   1     0.0781    0.0829 
 

DP   1     0.0361    0.0383 
 

NP   1     0.0001    0.0001 
 

HDN   1     2.1451    2.2760 
 

HDP   1     0.5611    0.5953 
 

HNP   1     0.2101    0.2229 
 

DNP   1    3.0031    3.1863 
 

Error 56   52.7798   0.9424 
 

 

TOTAL 79 113.9400 
 

  

CV = 22%     

Source:  Casian trials, first cycle, 1979 
*Significance 0.01 
H-chemical weed control;  
D-spatial arrangement-density; 
N-nitrogen; 
P--phosphorous 
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Table 7.   Economic Analysis of Exploratory Trials:  Viability of Alternative 
  Technologies in Chemical Weed Control and Spatial Arrangement-Density* 
                                                                   TECHNOLOGICAL ALTERNATIVES 
CONCEPT H0D0 H0D1 H1D0 H1D1 
 
Yield, ton/ha 

     
    3.6 

     
    4.2 

    
   4.2 

     
    5.5 

Adjust Yield (-10%)     3.24     3.78    3.78     4.95 
 
GROSS BENEFIT (114/ton)** 369.36 430.92 430.92 564.30 
     
VARIABLE COSTS (VC)   15.23   23.05   31.57   39.39 
     
Weed Control     
     
     2,4-D ($1.63/1t)    1.63    1.63   
     Gesaprim ($7.19/2.5 kg)     17.97   17.97 
     
Planting     
     
     Seeding Rate, kg/ha 13.00 16.00  13.00  16.00 
     Cost/ha ($0.22/kg)   2.86   3.52    2.86    3.52 
     Labor, days/ha   3   5    3    5 
     Labor ($3.58/day) 10.74 17.90   10.74  17.90 
     
NET BENEFIT (NB) 354.13 407.87 399.35 524.91 
     
     Increase in NB    53.74  117.91 
     Increase in VC      7.82    16.34 
     Marginal Rate of Return  687%  716% 
     
 
Source:  Caisan trials, first cycle, 1979 
 
*  Nitrogen and phosphorous requirements show no significant differences between treatments and so 
    were not included in the economic analysis 
**Field price of maize 
 
          In short, the exploratory trials confirmed the original preliminary identification of the problems 
facing   farmers in the recommendation domain and, at the same time, permitted the exploration of 
alternative technologies that promised significant economic benefits for the farmer. 
 
Levels  Trials 
 
          Complementing the information from the exploratory trials, the levels experiments provided 
greater depth and detail about the behavior of some of the experimental variables considered in the 
exploratory experiments.  For the first cycle, levels trials were carried out for:  a) types of herbicides and 
dosages, b) types of herbicides and application timing, and c) levels of nitrogen and phosphorous. 
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Types of Herbicides and Dosage--Two herbicide by dosage trials were planted using a complete 
randomized block design with four repetitions.  The variables considered were application dosages and 
combinations of Gesaprim 80, Prowl, Alachor, and 2,4-D, including in the trials farmer practice (2,4-D  
30 days after planting).  The results showed significant differences for both locations (at the 1% 
significance level) between the farmers' practice and the alternative chemical controls considered in the   
experiments.  The analysis by location showed that the farmer could significantly increase his yields 
by using alternative methods of chemical control.  The combined analyses from the two locations show 
significant differences in the treatments. 
 
 With these results, economic analyses were carried out for the locations, both individually and 
combined.  The Gesaprim 80 treatment, using a 2 kg/ha application during the pre-emergence stage, was 
superior to the other alternatives, with a marginal rate of return greater than 1250% at each location as 
well as in the combined analysis.  This chemical control alternative is the same as that used in the 
exploratory trials, except that, in the latter case, the dosage was slightly higher (2.5 kg/ha).  This 
application rate showed an equally high marginal rate of return. 
 
 Both groups of experimental trials (exploratory and levels) showed consistent results for this 
experimental variable, both in the qualitative (type of herbicide) and quantitative (dosage) aspects, and 
confirmed the viability for the farmer of more efficient alternatives of weed control. 
 
 Types of Herbicides and Timing of Application--Two herbicide experiments were conducted to 
compare alternative application timing patterns, using a complete randomized block  design with four 
repetitions.  The applications were made 0, 5, 10, 20, and 30 days after planting, and Gesaprim 80 and 
2,4-D (including the farmer's practice) were used as well as a check treatment of no  chemical control. 
 
 In both experiments, problems with lodging due to high winds affected the accuracy of the 
results.  The lodging problems occurred near plant maturity and, consequently, the impact on average 
yield levels was not great.  Nevertheless, from the point of view of trial management, the presence of 
lodged plants within the plots affected the accuracy of the agronomic and yield data obtained from the   
trials. 
 
 With this qualification, significant differences were not found for the different treatments, except 
when compared to the check treatment.  The information obtained from this group of experiments did 
not contribute to the clarification of the issues involved as had been the case in the preceding trials. 
 
 Levels of Nitrogen and Phosphorous--Two nitrogen by phosphorous levels experiments were 
planned.  The design utilized was the complete randomized block with an incomplete factorial 
arrangement and three repetitions.  These included five levels of nitrogen and phosphorous (from 0 to 
150 kg/ha) with a density of 37,500 plants per hectare.  An additional treatment was added which 
consisted of intermediate level applications of nitrogen and phosphorous with a density of 50,000 plants 
per hectare. 
 
  The statistical analysis in both cases indicated that no significant differences existed between 
treatments.  In this group of experiments some management problems were also experienced, e.g.,   
insect attach and minor animal damage.  In spite of those problems, the consistency of the results with 
those previously 
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reported for the exploratory trials added support to the original hypothesis that there were no significant  
differences in yield due to the use of nitrogen or phosphorous. 
 
Integrating Survey and Experimental Results 
 
 The methodology used in the program included, after each cycle, the integration of the 
information from the surveys with the results of the on-farm experiments.  The data were reviewed, new 
hypotheses formulated, and new lines of research charted, both for the on-farm research program and for 
experiment station research.  Where appropriate, recommendations for farmers were made as 
well as those for agricultural policy. 
 
 The exploratory trials showed significant first order effects for herbicides and spatial 
arrangement-density and, to a lesser degree, interactions between those variables.  The marginal rates of 
return for the research components, planting 40,000 plants/ha and using Gesaprim 80 at 2.5 kg/ha, were 
above 700%.  This confirmed the hypothesis that clear opportunities existed in these technological 
components for the development of viable alternative technologies for representative farmers to increase 
the productivity of the land and labor devoted to maize production. 
 
  The results of the levels trials on herbicides were qualitatively (types of herbicides) and   
quantitatively (dosage of 2 kg/ha in this case) consistent with the results of the exploratory trials.  This, 
along with the high economic margin of profitability for the various components, led IDIAP to 
formulate recommendations for area farmers after only one cycle of experiments. 
 
 The use of chemical fertilizers, in the exploratory trials as well as in levels trials, gave a  
nonsignificant response confirming the original hypothesis formulated in the planning stage-- the use of  
nitrogen and phosphorous, separately as well in combination, resulted in negative marginal rates of  
return.  These results remained the same even when fertilizer was used with improved weed control   
and spatial arrangement-density practices.  This represented a challenge for recommendations on the use 
of fertilizers, at least until the information suggested that emphasis placed on fertilizer use in credit 
programs be re-examined. 
 
Finally, the results obtained using the local maize variety in the first cycle of trials confirmed the   
hypothesized yield potential of the farmers’ variety. 
 
 For the future orientation of the research program, the results of the first cycle, together with the 
diagnostic surveys done in the planning stage, suggested the following lines of research for the second 
cycle: 
 
      1.   Given that the hypothesis about the agroeconomic impact of adequate weed control seemed to  
 be validated, and considering erosion problems and the lack of machinery, it was decided to 
 incorporate the tillage system as an experimental variable in the next cycle.  This would entail 
 analyzing the prevailing conventional tillage system (mechanized) against an alternative of zero 
 tillage with chemical  weed control. 
 
      2.   Given the impact obtained from the trials on herbicides and spatial arrangement-density, and the  
 interactions observed between the 
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 components, the levels experiments for the next cycle would examine the variables jointly   
 (herbicides by density) in order to determine more precisely the relationships between them and  
 confirm optimum levels. 
 
      3. Given the efficiency shown by the contact herbicide, Gramoxone, in the control of prevalent 
 weeds in the bean cycle and its relative lower price, it would be incorporated into the program as 
 a complement and/or alternative to Gesaprim 80. 
 
      4. Given the impact that Gesaprim had in the first cycle, and the prevalent maize/bean rotation 
 system, it was decided to analyze the residual effect that Gesaprim had on the bean crop, using a 
 factorial arrangement (dosage of Gesaprim per days after its application in which beans are 
 planted).  In order to save time and reduce research costs, this factorial arrangement would be  
 carried out on the border rows of the herbicide by density trials.  The hypothesis was that high 
 precipitation would eliminate any residual effects on the beans. 
 
      5. Given the impact of spatial arrangement-density, plant population would be more closely 
 monitored in future experiments, particularly during the first month of crop development. 
 
      6. Given the results of the fertilizer trials, the medium-term horizon used for those variables,  
 experiments would be carried out on continuous plots to analyze, in the longer term, the impact  
 on natural soil fertility of more intensive production practices in the maize/bean crop rotation. 
 
IV. BEYOND THE FIRST CYCLE:  TECHNOLOGY VERIFICATION, TRANSFER, AND 
 ADOPTION 
 
 Research results described in the previous section provide a solid basis for the orientation of the   
Caisan research program in subsequent cycles.  Further, they provide empirical evidence of  the utility  
of the research methodology used by the program.  Accordingly, the same research strategy was 
followed for subsequent research cycles. 
 
Most Important Implications of the Second and Third Cycle of Trials 
 
 The most important change in the second cycle of trials was the inclusion of tillage systems as an 
experimental variable.  The tillage experimental variable was incorporated in the exploratory trials in 
place of weed control, although the latter variable continued to be part of the "levels" trials. 
 
 The hypothesis regarding zero tillage as an alternative to conventional tillage was that it would   
be ''cost saving" rather than "yield increasing." In particular, researchers felt its use as an alternative   
technology would have the following results: 
 
      1)   Maintain basically the same yield levels. 
 
      2) Reduce the cost of tillage practices per hectare and, consequently  (if point one is verified),  
 reduce average production costs. 
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      3) Significantly reduce soil erosion, identified in the initial planning phase as a problem by both 
 farmers and researchers. 
 
      4) Relieve the small farmer of having to depend on contracted mechanization service for land   
 preparation. 
 
      5) Increase farmers' time flexibility at planting by considerably shortening the time required for   
 land preparation. 
 
      6) Decrease the competence of weeds during the first weeks of plant stand development, as a result 
 of fewer days between land preparation and planting. 
 
 With these hypotheses about zero tillage, four exploratory trials were planted that included this   
variable along with spatial arrangement-density and nitrogen and phosphorous requirements. The results   
of three of the trials (one was lost due to heavy lodging) confirmed the results of the previous cycle with 
respect to the last three variables.  The new experimental variable, the tillage system, showed statis-
tically significant differences (5%) in yield levels at only one of the harvested locations.  In that case, the 
main effect was positive, with higher yields for zero tillage.  In the other two locations, no significant 
differences were encountered nor did across-site analysis show significant yield differences.  The 
results, therefore, were consistent with the research hypothesis that zero tillage would not significantly 
affect yields. 
 
  With respect to the economic dimension, Table 8 shows partial budgets for conventional tillage 
and zero tillage, assuming that yield would remain the same under both tillage systems.  A comparison 
of the costs associated with the two systems shows that zero tillage results in a 44% reduction as 
compared to the conventional tillage system.  This reduction is only in terms of immediate savings, not 
taking into account the implicit cost of erosion associated with conventional tillage, a cost clearly 
apparent to representative farmers in the area. 
 
 In the levels trials, three herbicide by plant density and three fertilizer trials were planted.  The 
herbicide by density trials were included to confirm the interactive effects observed for those variables   
in the exploratory trials conducted during the first cycle.  Also the herbicide, Gramoxone (paraquat), 
was included in order to compare its effectiveness with the previously used herbicide, Gesaprim 80. 
 
 Unfortunately, the loss of a considerable number of plots in the levels trials due to heavy lodging 
made it impossible to carry out the quantitative analysis, and only the field observations made during the 
growing stages were available for use by the research team.  Those observations indicated that both the 
preemergence applications of Gesaprim and the post emergence applications of Graxomone provided 
effective weed control.  The same effectiveness was not observed for 2,4-D, confirming the results 
obtained in the previous cycle.  With respect to the residual effects of Gesaprim on the subsequent bean 
crop, the trials showed that after 90 days there was practically no residual toxicity in the soil. 
 
 Once again, fertilizer trials showed no economic response, reinforcing previous conclusions on 
those components.  These results, together with an increased 

-115- 



Table 8.  Exploratory trials:  Partial Budgets for Conventional and Zero Tillage Systems 
 

 
ACTIVITY 

 
AMOUNT 

 
UNIT COST 

 
VARIABLE COSTS 

    
Conventional Tillage       45.00  

Plowing, 3 Passes    3 hrs, tractor     15.00     45.00 
    
Zero Tillage       26.00  

Chopping    2 days       4.00/day       8.00 
Herbicide    1.8 liters       5.00/1       9.00 
Labor, Herbicide    2 days       4.00/day       8.00 
    Application    
Rent, Backpack Sprayer    1 day       1.00/day      1.00 
    
 
Source:  Caisan trials, first cycle, 1980 
 
flexibility in the credit program operating in the area,6 may lead, in the near term, to a  decrease in  
fertilizer use with no effect on yields. 
 
 The above results had the following implications for the orientation of the program in the third 
cycle of experiments: 
 
      1. Add the control of soil insects as an experimental variable in the exploratory trials.  The spatial   
 arrangement-density variable proved to be significant for yield potential in the two previous   
 cycles, and insect control would help assure improved plant stand. 
 
      2. Maintain tillage systems and spatial arrangement-density as experimental variables in the  
 exploratory trials.  The second experimental variable is related to soil  insect control and    
 demands more frequent countings of plant population during  the first month after planting to  
 determine the effectiveness of the insecticide control.  
  
      3. Maintain phosphorous requirements as an experimental variable in the exploratory trials, but   
 eliminate nitrogen. 
 
      4. Repeat the herbicide by plant density trials that were lost in the previous cycle due to heavy  
 lodging.  Also, repeat the experiments on residual toxicity to beans on the border rows of those  
 trials. 
 
      5. Continue the medium-term fertility studies on continuous plots of flat land (slope less than 5%)   
 and initiate fertilizer trials on sloping land (slope more than 5%). 
 

6. For evaluating technological alternatives, conduct verification trials (based on information 
obtained in the first two cycles) combining tillage systems, spatial arrangement-density, weed 
control, and fertilizer use. 

   
 
 6Starting in 1980, the credit program for maize deemphasized fertilizer use. 
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     7. Enlist representative farmers to plant demonstration plots on zero tillage, under the supervision  
 of the research team but with costs assumed by the farmers themselves. 
 
 With this basic orientation, experiments planted in the third cycle included:  five exploratory   
trials; four levels trials on herbicides by density, which also tested residual toxicity to beans on the 
border rows; three fertilizer experiments on continuous flat land plots and two experiments on sloping 
land; three verification trials and three demonstration plots on zero tillage. 
 
 There were adverse growing conditions throughout the area during this cycle, with drought,   
insect attack (Agrothis sp.,  gallina ciega), and heavy incidence of Helminthosporium spp. These factors   
made the analysis of trial results difficult.  Among the experimental variables included in the exploratory   
trials, insect control treatment using an insecticide showed a strong marginal rate of return due to the   
heavy incidence of insect attack.  In other years, when insects are not as prevalent, there might be little   
return to insecticide application.  Consequently,  insecticide use represents "insurance"  for adequate 
plant stand, although the probability of insect attack has not been clearly assessed.  For the other 
variables, the analysis of exploratory and levels trials verified the conclusions of previous cycles.7 
 
Verification Trials 
 
 The three verification trials conducted during the third cycle combined the best technological 
alternatives identified in the exploratory and levels trials and were designed to confirm their 
Agroeconomic viability for representative farmers.  Consequently, the plot size in the verification trials   
was larger than in the previous trials, and the farmers had greater participation in their management. 
 
 In accordance with the results of the first two cycles of experimentation, the verification trials   
included technological alternatives on tillage systems, chemical weed control, spatial arrangement-
density, and fertilizer applications.  In light of the fact that the new herbicides were already displacing 
2,4-D in the area, the incorporated farmers' weed control practice was changed to that of Gramoxone  
use.  The rest of farmers' practices were kept as defined at the planning stage.  The design of the three   
verification trials was as follows: 
 
      1. Farmer Practice (FP) 
 
           a.    Conventional tillage 
           b.    Chemical weed control with Gramoxone:  1 lt/ha 30 days after planting 
           c.    Fertilization:   200 lbs of 10-30-10 at planting 
           d.    40,000 plants per ha, planting arrangement "mateado," hills about 
                  one meter apart, four seeds per hill 
 
      2. Technological Alternative 1 (TA 1) 
 
           a.    Zero tillage 
           b.    Chemical weed control with Gesaprim 80:  2 kg/ha after planting 
           c.    No fertilization 
           d.    50,000 plants per ha, planted in rows 
 
 
 7For a detailed description of these results see Martinez, Juan Carlos, and Jose Arrauz,  “Innovaciones  
Institucionales en la Investigación Agricola Panamena:  El IDIAP en Caisan.” Forthcoming. 
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      3. Technological Alternative 2 (TA 2) 
 
          a.   Zero tillage 
          b.   Chemical weed control with Gesaprim 80:  2kg/ha after planting 
          c.   Fertilization:  200 lbs of 10-30-10 
          d.   50,000 plants per ha, planted in rows 
 
  According to previous research results, it was hypothesized that TA 1 would successfully 
compete with FP in terms of decreased cost per ha, but only marginally in terms of yield.  TA 2 implied 
greater costs per ha than TA 1, due to fertilizer application, and increase in yield was not expected to   
be significant. 
 
  The yields, variable costs, and net benefits associated with the three production alternatives   
considered in the verification trials planted at three locations are shown in Table 9.  As can be seen from 
the data, yields varied considerably across locations and were particularly affected by the degree of 
disease incidence (Helminthosporium spp.).  The combined economic analysis indicates that TA 1 
dominated the other alternatives.  When the trial results from Location 1 were removed from the across-
site analysis (it had the most serious disease incidence), TA 1 showed even greater dominance.  These 
results confirmed, therefore, that the superiority of alternative TA 1 was basically due to decreased 
costs per hectare (zero tillage, no fertilizer). 
 
Demonstration Plots 
 
 During the third cycle, three representative farmers in the area agreed to grow their crop using 
zero tillage.  These demonstrations, to be fully valid, were to be totally managed by the cooperator with 
only some technical advice from the research team.8   The cooperating farmers paid for the majority of   
the production inputs and assumed production risks.  The research team maintained informal contact 
with the cooperators throughout the growing season, particularly during zero tillage practices, in order to 
monitor their reactions to the use of the new technology. 
 
 The size of the demonstration plots varied between one and two hectares.  The type of zero 
village practices followed for each demonstration plot varied slightly according to previous land 
management (animal grazing or not) and the level of weeds encountered.  Only in Location 1 was it 
necessary to clear weeds and stubble from the previous growing cycle before herbicide application. 
In Location 2 farm animals had grazed the land after the previous bean crop harvest.  The amount of 
Gramoxone used for the demonstrations varied between 1 and 2 lt/ha.  In consequence, the cost of zero 
tillage varied between $19.25 and $26.50 per hectare, with the average being lower than the $26/ha cost 
estimated during the analysis of the 1980 exploratory trials  (Table 8). 
 
Farmer Response:  Adoption of Recommended Practices 
 
 Evidence from CIMMYT technology adoption studies shows that, when technological  
recommendations are not adopted by farmers, it is usually because at least some component in the   
recommendation is not consistent with the  
 
 
8The level of farmer interest in the new technological alternative is shown by the fact that some co-
operators tested the technology on their own without any technical assistance from the research team. 
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 Table 9.  Economic Analysis of Verification Trials 
  
Concept TECHNOLOGICAL   ALTERNATIVES 
     FP     TA 1    TA 2 
Yield, t/ha    
    Location 1 (heavy disease)     1.91     1.42     2.93 
    Location 2 (light disease)     4.25     4.24     3.89 
    Location 3 (light disease)     2.86     4.02     3.34 
Average Yield, t/ha     3.01     3.23     3.39 
Adjusted Yield (-10%)     2.71     2.91     3.05 
GROSS BENEFIT ($193/ton)* 524.70 563.40 590.50 
    
VARIABLE COSTS 126.70   65.60 129.50 
    
Soil Preparation   48.00   29.30   29.30   

    FP (3 tractor passes)   48.00   
    Chopping, 2 days       -   10.00   10.00 
    Gramoxone (1.5 lt/ha)       -     8.30     8.30 
    Labor (herb. app., 2 days)       -   10.00   10.00 
    Rent, Backpack Sprayer       -     1.00     1.00 
Planting   19.30   30.30   30.30   

    Seeding Rate, kg/ha   13.00   16.00   16.00 
    Cost/ha ($0.33/kg)     4.30     5.30     5.30 
    Labor, days/ha     3     5     5 
    Labor ($5/day)   15.00   25.00   25.00 
Weed Control     5.50   16.00   16.00   

    Gramoxone (1 lt/ha)     5.50  - 
    Gesaprim (2 kg/ha)       -   16.00   16.00 
Fertilizer   53.90    53.90  

    200 lbs 10-30-10   43.90       -   43.90 
    Labor, 2 days   10.00       -   10.00 
    
NET BENEFIT 398.00** 497.80 461.00** 
    
 
Source: Caisan trials, first cycle, 1981 
*  Field price of maize 
**Dominated alternatives 
 
circumstances of the farmers to whom the technology is directed.9  The Caisan research program was  
guided by the principle that the best guarantee for the adoption of recommended technologies was to  
assure that farmer circumstances were taken into account from the outset, leading to recommendations 
which were appropriate to those circumstances. 
 
 
 
9Perrin, R.K., and D.L. Winkelmann, "Impediments to Technical Progress on Small versus Large 
Farms,” American Journal of Agricultural Economics, 58:5, 1976. 
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 The relationship between the researchers and representative farmers was central to the research 
paradigm of the Caisan project.  This interaction began with the survey sequence, and it continued 
through the on-farm experiments and the monitoring of the adoption of the recommendations derived 
from the program.  Thus, the research process began and ended with the farmer. 
 
  The technology transfer process followed in the project involved farmer field days at experiment 
and demonstration sites to discuss the alternative technologies involved.  With these elements, and the 
degree of communication which existed between farmers in the area,10  their response exceeded initial 
expectations.  Furthermore, farmers themselves played an active role in the process of technology 
generation.  For example, cooperating farmers modified the Gramoxone container so that it could be 
used as an applicator in the field.  Similar farmer-originated adaptations occurred in zero tillage.  Some   
farmers (particularly larger landholders) found it difficult to find the labor required by the manual 
chopping of old stands, the initial step of the zero tillage alternative.  In consultation with the research   
team, they used a light harrowing pass instead of hand chopping to cut back the weeds and crops 
residues, thus arriving at a minimum tillage system. 
 
 Given the response of representative farmers to the technological alternatives developed through   
the research project, IDIAP decided, after only three cycles of research activity, to conduct an evaluation   
of the project, including the assessment of the social rate of return for its investment in the program.¹¹ 
The evaluation focused on two basic aspects:  1) the impact on area farmers of the adoption of recom-
mendations formulated by the program, and 2) the methodological and institutional spillovers of the 
program to other regions of the country. 
 
Table 10.  Adoption Survey:  Levels of Recommended Technologies 
 
   
TECHNOLOGICAL ALTERNATIVES FARMERS MAIZE AREA
 (percent) 

 
 
Appropriate Weed Control 

 
61.4 

 
60.9 

Planting in Rows/Higher Density 70.5 62.7 
No Fertilizer Used 79.5 79.5 
Zero or Minimum Tillage 43.5 23.0 
   
Source:  Caisan survey, first cycle, 1982   
 
 The evaluation included an adoption survey related to the technologies generated by the project.  
Table 10 illustrates the level of adoption by 1982 for 
 
 
 
 
10The farmers were organized in three “Juntas Agrarias,” mainly for buying inputs and obtaining credit. 
 
11Martinez, Juan Carlos, and Gustavo Sain, “Evaluacion Economica de los Programas de Investigacion 
en Fincas del IDIAP: El Caso de Caisan”, CIMMYT and IDIAP, 1982. 
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four of the  components.  Through contrast with data from the original 1978 survey, the patterns of 
adoption over time were also derived.¹²  The difference in the percentage of farmers adopting minimum  
or zero tillage (43%), and its percentage of cultivated area (23%), reflects the fact that small and holders 
had the least difficulty in adopting the practice.  This was probably because they relied on hand labor, 
and the adoption of minimum or zero tillage practices was appropriate to their circumstances.  In 
contrast, those farmers with larger holdings had more difficulty in switching to minimum or zero tillage 
because labor constraints were more serious for them, and a mechanized zero tillage alternative was not 
yet available.  (Subsequently, IDIAP purchased mechanized zero/minimum tillage equipment for exam-
ination in the project area starting in 1983.) 
 
 The high rate of adoption of recommended practices among Caisan farmers, particularly 
considering that the research project had only been in operation for four years (three cycles), stands as 
testimony to the validity of  the research methodology which led in such a short time to the development 
of  appropriate technology for target farmers--the final judges of  the usefulness of production-oriented 
research. 
 
V.  CONCLUSIONS:  COST EFFICIENCY AND PROJECTIONS OF THE CAISAN PROGRAM 
 
 Within national agricultural research programs, there has been considerable progress during the 
last five years in the relative importance of on-farm research activities and the development of opera-
tional methodologies for its implementation.  As this process evolves, methodological and   technical 
problems are resolved and new pressing issues take their place; among them, those related to the 
institutionalization of on-farm research within national research structures.  Undoubtedly, the starting   
point for this institutionalization process is the experience arising from the ongoing on-farm research   
programs, usually managed at the initial stage by ad-hoc technical groups from within the research 
structure. 
 
 From CIMMYT's perspective, the process builds up in a bottom up approach, from basic 
methodological ideas, to on-farm research all the way up (including training) to the institutionalization   
of these activities within the national program.  In other words, it goes from on-farm research actions to 
an articulated on-farm research program. 
 
  IDIAP and Caisan illustrate this process.  The institutional strategy of IDIAP provided the 
framework for the development of Caisan, and the work was closely followed up from the beginning   
by the national directing staff.  Progress in the program and resulting methodological experiences were 
intensively discussed by researchers and directing staff in national meetings, field days, and regional   
workshops. 
 
 In this way, the Caisan program has contributed to the strengthening of the initial orientation of 
IDIAP towards site-specific, on-farm research.  Also, in the methodological dimension, it provided 
concrete experiences, not only in terms of what to do in on-farm research (surveys, experiments, etc.),  
but, more importantly,  
 
 
 
¹²Ibid., Section IV. 

-121- 



how  to do it (the informal survey leading to a well-focused formal questionnaire, the prescreening of  
best-bet technological components based on the assessment of farmer circumstances, the management  
of experimental and non-experimental variables within the trials, etc.). 
 
 The program provides solid evidence of the validity of the research procedures used.  Farmer's   
response, in terms of adoption of resulting technologies, is proof of the degree in which the program 
recommendations fitted their circumstances.  On the other hand, the speed at which adoption took place 
is a clear indication that the research opportunities incorporated in the program represented important   
production problems for representative area farmers. 
 
 The best indicator of the cost efficiency of the methodology utilized is the social rate of return on 
the investment required to implement the program; the evaluation carried out in 1982 provides this   
information.¹³  In fewer than four years, even assuming that there would be no further adoption after  
1982, the social returns (basically accruing to area farmers) were much greater than the amount invested  
by IDIAP.  The rate of return, using the most conservative figures, was 188 percent, clearly exceeding 
the opportunity cost of capital.  When less conservative assumptions are made, the rate of return rises to 
332 percent.14 
 
 These results reaffirm the conviction, one based also on experiences of other countries, 15 that 
the approach used was efficient in terms of costs and adequate for reaching target farmers with 
appropriate technologies in the near term. 
 
 While the Caisan program was being implemented, IDIAP was going through a systematic 
planning effort which resulted in an organization of its activities into Programs (Agriculture and   
Livestock), Subprograms (crops groupings—for example, basic grains), and Commodity Research 
Projects.  While these are the groupings at the national level, they are cut across by the "Regional 
Research Programs" whose basic operational unit is the area-specific, on-farm research project.16  The 
central management is composed by a Director General, assisted by a Deputy Director General, and  
National Directors of  Agricultural Research, Animal Production Research, Planning, Transfer of 
Technology, Administration and Special Projects. 
 
 The area-specific on-farm research activities have gone through a considerable expansion since 
Caisan was begun in 1978 with two national researchers.  At  present they cover five priority areas in  
agriculture, involving the work of 24 national researchers, and three priority areas in livestock with 21   
researchers. 
 
 
 
13Ibid. 
 
14Ibid. 
 
15For example see Edgardo Moscardi et al, "Creating an On-Farm Research Program in Ecuador.  The 
Case of INIAP's Production Research Program." CIMMYT Economics Program Working Paper, 
January 1983. 
 
16''Plan Anual de Trabajo 1982," IDIAP, Panama, May 1982. 
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 While this growth leaves no doubt as to the importance given to such activities by IDIAP, it also  
brings to the surface a set of  pressing issues on the institutionalization of on-farm research which  
demand the attention of IDIAP central management. With this concern in mind, a workshop of IDIAP 
directive staff was organized, with the cooperation of CIMMYT, for an intensive discussion of all the  
issues (organizational, managerial, and technical) coming out from the field experiences of on-farm  
research.17  While discussions were centered around Caisan results, other experiences from IDIAP and   
the institutional experience from INIAP Ecuador were considered as well. 
 
 The meeting proved to be a useful exercise for all the participants involved (which included, in 
addition to all IDIAP directive staff, a small group of resident international staff from CATIE, Rutgers 
University, and AID).  The moving from on-farm research actions (i.e., Caisan) to an articulated on-farm 
research program presents many fronts to be looked upon;  the workshop discussions showed some   
light in some of these fronts.  Institutional adjustments may follow pending an internal "self-evaluation" 
meeting of IDIAP, to be held in the near future. 
 
 From these experiences, some points appear to be critical for consolidating efficient on-farm 
research operations within IDIAP.  On the methodological front, it seems that diagnostic phase should 
be dimensioned (in terms of time and resources allocated to it) so as to make it instrumental to the 
experimentation phase.  Also, research should start from the prevailing farming systems, trying to 
develop, for target crops within those systems, simple technological alternatives rather than full   
technological packages or complete alternative systems for the farmer.  This responds to the type of time 
preference prevalent in the political and institutional environment in which IDIAP is integrated (i.e.,   
results in three years are "preferred" to similar results in ten years). 
 
 Also, there is a need for the assimilation of these methodologies for on-farm research by new  
staff members who have joined IDIAP as these activities have expanded.  This has multiplied the in-
service training demands to a point where they can no longer be satisfied by the conventional training  
provided in international centers, bringing about the need for alternative mechanisms for in-country 
training. 
 
 Closely related to the first point, as the ad-hoc technical groups are institutionalized, covering 
more areas and involving more personnel, the problem managing of on-farm research activities becomes 
more complex.  In particular, it requires increased technical supervision of new area programs, in order 
to capitalize on the methodological experiences obtained from the earlier ones.  Also the emphasis on 
area specific work demands a decentralized style of management to effectively provide the logistic and 
financial support required by increased field operations.  IDIAP has already moved in that direction, 
decentralizing management in three Regional Centers which are being organized and equipped.  As on-
farm research activities prove to be successful in terms of results, the institution may find itself in a 
position to attract more political attention and financing for investing and expanding appropriate 
experimental station research to be managed by those centers. 
 
 
 
 
17Managing the Institutionalization of On-Farm Research within IDIAP.  A Workshop for 
DirectiveStaff.  IDIAP-CIMMYT, Volcan, Chiriqui, Panama, February 23-25, 1983. 
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 Finally, from an organizational point of view, a close link is  required between area-specific, on-
farm research on the one hand and national crop projects and extension activities (IDIAP-MIDA) on the  
other.  In particular, the role of extension in this process should be clearly defined, since more results 
will be forthcoming from the ongoing research operations.  In the case of Panama, this will involve the 
National Direction of Technology Transfer of IDIAP, as well as MIDA's extension network.18  A basic  
simple idea that may help on this definition could be to make the proper institutional arrangements for   
allowing IDIAP and MIDA extension units to directly conduct the verification and demonstration phase  
in the on-farm research programs.  This could be done with assistance and eventually training from the  
on-farm researchers.  Under this arrangement extensionist would become, working closely with farmers, 
familiar with the technological alternatives developed and tested;  in our view, a necessary condition for  
an effective transfer independently of the communication methods used by extension. 
 
 As the central management of  IDIAP moves to cope with these issues, the institution comes   
closer to realizing its full potential, both for the benefit of farmers and for society as a whole in Panama. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
18Extension services are inserted in MIDA. 
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DEVELOPING TECHNOLOGY FOR SMALL FARMS; 
A CASE STUDY IN CENTRAL AMERICA 

 
Luis A.  Navarro¹ 

 
 
Introduction 
 
 This case study began in 1973 in Turrialba, within the Department of Crop Production of 
CATIE.²  However, it has evolved as a regional and cooperative effort of different national institutes  
and CATIE, at field level and across all the countries of the Central American Isthmus.³  It is operative  
in at least two specific geographical areas,  with concentration of small farmers in each of the following  
countries:  Guatemala, Honduras, El Salvador, Nicaragua, Costa Rica and Panama. 
 
 Different aspects and comments related to the identification, design, implementation and  
evaluation of two research projects which conform the case study will be presented here. 
 
Some comments will also be advanced in relation to remaining issues and implication for the future of 
the FSR approach used, as seen from the perspective of the participants in this case study. 
 
 This is not an official presentation for CATIE and all opinions are the responsibility of the   
author. 
 
Identification 
 
 In 1973 the personnel of the "Tropical Soils and Crops Department," of the recently founded  
CATIE, decided to focus their research activities on the study and technical improvement of the crop  
production systems used by the small farmers of  the Central American region.  This was in agreement 
with the priority given to the Small Farmers Sector by the different governments of the region during a   
consultation and diagnostic made across the Isthmus (4). 
 
 Small farmers, of less than 4 ha and with 4 to 35 ha, accounted for 76% and 18% of the Central 
American rural population respectively and half of the total 20 million peoples in the region.  Their 
resources, low in quality, amounted to only one fourth of the total farm land and less than one fifth of 
total farm input expenditures, while their per capita income was under US $100 per year.  They 
provided, however, two thirds of the total active rural labor force and over two thirds of the food crops 
produced value (excluding 
 
 
 
¹The author is grateful to R. Hawkins and C. Burgos for their contribution and comments for this paper. 
 
²Appendix I has a discussion of the institution, CATIE. Appendix II presents the acronyms used in this 
paper. 
 
³The results and observations presented in this paper are the joint product of CATIE and the following  
institutions:  CENTA of El Salvador, DGTA of Nicaragua, ICTA of Guatemala, IDIAP of Panama, 
MAG of Costa Rica and PNIA of Honduras. 

-126- 



rice) for the region.  Their participation in rice, perennial crops and livestock, which the region exports, 
amounted to 36%, 39% and 21% of their total production value respectively.  Given the forecast for the 
next twenty years for population growth, economic expansion and energy costs, the "Small Farmers" 
will continue to be one of the most important social and economic sectors in the region. 
 
 The scientists at CATIE realized that they knew little about the crop production systems used by 
small farmers in the region and about methods to improve them technically.  Appropriate literature was   
also scarce and scattered.  Thus they were forced into a period of self training. 
 
 They initiated an experiment on plots at the Turrialba research station, in order to learn the 
management and test the productive potential of various crop systems.  These were different cropping-
patterns formed with corn, beans, cassava, rice and sweet potato, chosen to simulate some of those found 
on small farms. 
 
 Soon they acknowledged the need to approach the farmers directly to find what they were really 
doing, how and why.  They visited farmers, and some experimental plots were installed on selected  
farms or on experimental fields of Agricultural Schools in different communities of Costa Rica. 
 
 The approach to the farmers was found crucial in understanding the present crop production 
systems,   their objectives within the farms and their main limitations according to those objectives.  A 
procedure for identifying and justifying appropriate lines of research was thus emerging.  Later the 
experience was enriched through contacts and exchanges with IRRI in the Philippines and the "Puebla 
Project" in Mexico. 
 
  During this time, AID had also developed a keen interest for research strategies which could 
benefit small farmers.  Thus in 1974, AID through ROCAP, its regional office, helped CATIE to hold in  
Turrialba a regional conference to explore the dynamics and possibilities for cropping systems research 
(1). 
 
 Following the conference, AID and CATIE formalized the CATIE/ROCAP Small Farmer 
Cropping Systems Project (SFCS), approved in 1975 with 1.6 million dollars in grant funds to CATIE 
and for implementation of the project during 1975-1979.  This project would be used to reinforce the 
emerging ideas at CATIE and to attempt their implementation across the different countries of the 
region, through a strict interaction with personnel from the national research institutes. 
 
 In 1979 the CATIE/ROCAP Small Farm Production System Project (SFPS) was approved as a 
continuation and expansion of the SFCS, with a budget of 7.4 million dollars for implementation during 
1979-1983 (12).  This second  project added responsibilities for research on the technology transfer and  
extrapolation aspects of the methodology and on animal and mixed crop-animal production systems. 
 
Design and Implementation 
 
 The design and implementation of the central projects in this case study evolved as a  com-
promise between the basically bio-technical orientation of researchers and the strictly   developmental 
orientation of AID/ROCAP. 

-127- 



The Initial Project 
 
 The primary purpose of the SFCS project was to create a coordinated regional research approach  
for increasing the productivity and incomes of small farmers in Central America through improved  
cropping systems.  The project would be implemented through research on cropping systems carried out 
in the fields of small farmers across the countries of the region and by multidisciplinary teams of  
national research professionals with the support of CATIE personnel. 
 
 To accomplish the objectives, CATIE had to reach agreement with every participating country   
on a program of activities including this collaboration with the national institutions.  This implied an   
expectation for counterpart personnel and research resources from every country.  Furthermore, the in-
country research was to include:  1) design and implementation of surveys of small farmer character-
istics and their cropping systems, 2) use of this material to compile profiles of the target areas,  farmers 
and their farming practices,  3)  design and implementation of on-farm research to increase  small 
farmers' yield through the improvement of their cropping system performance, 4) development of  ten 
area-specific technical recommendations by the end of the project. 
 
 Even though the project gave a sketch of a methodology, this was to be developed during the 
project.  The training activities were also crucial for the personnel hired specifically for the project as  
well as for the national participants. 
 
 The personnel hired for the project included one Resident Agronomist to coordinate the   
activities in each participating country and five specialists (Biometrics, Entomology, Soil Management,   
Horticulture and Agricultural Economics) to act as a back-up team from Turrialba. 
 
 Agreements were signed almost immediately (1975) with the governments of Costa Rica,  
Nicaragua and Honduras.  The work in El Salvador and Guatemala, however, did not begin until 1977 
and 1978 respectively even though the agreements were signed in 1976 (10). 
 
 The resource limitations at the national institution level were reflected in the instability of the 
national teams and counterpart research resources provision during the project implementation.   
Political tensions in El Salvador and  Nicaragua were also forces which produced slowdowns in the  
work. 
 
 However, the progress obtained through the work in the different countries plus the previous and  
compatible experience of counterpart institutions such as CENTA in El Salvador and ICTA in 
Guatemala clearly enriched the methodology and the whole approach.  The acceptance of this approach  
by the counterpart institutions was clear and some field results were also promising. 
 
 General comparison indexes between some on-farm research results and the farmers' check  
cropping systems, obtained in different areas, are shown as examples in Tables 1, 2, 3 and 4 (11).  These 
results were obtained under the direct observation, council and participation of farmers and farm labor.   
The number of farms on which different experiments were replicated varied from two to ten depending 
on the area.  In most cases the performance indexes for the 
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Table 1. Location and cropping pattern characteristics of farm level tested modification to 
cropping systems practiced by small farmers of different areas in Central America 
(CATIE 1978-1979) 

 
 Geographic Area      Cropping Pattern 
 
Country – Location  Gen.   Studied  Check  New 
  Character.       Variety? 
 
COSTA RICA 
     Guácimo-Pococí  H  cassava  cassava  No  
    corn   beans  corn   Yes, Yes 
 
     Guácimo-Pococí  H  corn   corn       same  Yes, Yes 
 
     Pérez Zeledón  H+S  corn   beans       same  Yes, No  
 
     Pérez Zeledón  H+S  corn   corn  corn beans  Yes, Yes 
    beans   beans  beans   No, No 
 
HONDURAS 
     Yojoa  S+H  corn   corn  corn corn  Yes, Yes 
    pipián   pipián** squash squash  N.C., N.C.* 
 
     Yojoa  S+H  corn   corn  corn corn  Yes, Yes 
    cowpea     N.C. 
 
     Yojoa  S+H  corn   cowpea rice beans  Yes,  N.C. 
    rice      Yes 
 
NIGARAGUA 
     Samulalí  H+S  corn   same   Yes,  
         beans           Yes 
 
  
     Samulalí  H+S  sorghum      sorghum beans beans  N.C., N.C. 
    beans   beans    Yes, Yes 
 
SALVADOR 
     Chalatenango  S  corn   same   Yes, 
          sorghum     No 
 
 
H = humid; S = dry with a short rainy period; S+H + dry period tends to be longer than the humid 
period; H+S = humid period tends to be longer than the dry period. 
 

*  N.C. + New crop as an addition or change within the cropping pattern. 
*  Pipián is a type of squash (Cucurbita spp.) consumed as an immature fruit. 
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Table 2. Changes in some technical economic indexes as a result of farm level evaluated modifications to cropping systems practiced  
  by small farmers in different areas of Central America (CATIE 1978-1979). 
 
Geographic area 
“cropping pattern” 

Labor Inputs Total Cost (d) Net Income Family Income 

     Man day/ha 
%∆ 

CA$/ha (b) 
%∆ 

CA$/ha 
%∆ 

CA$/ha CA$/ha 
%∆ 

CA$/ha 
    %∆ 

CA$/ha 

COSTA RICA        
     Guácimo-Pococí        
          Cassava + (Corn//Beans) (e) 72.2 172.8 100.1 1305.7 181.9 140.6 2494 
          Corn – Corn 30.7   94.7   53.2   904.1   19.1   25.3   898 
        
     Pérez Zeledón        
          Corn-Beans 15.0 269.0   51.0   673.3   403.0 130.0 1255 
          (Corn+Beans) – (Corn+Beans) 57.7 553.8 115.5 1043.9 -143.8  -40.9   461 
     (-43.5) (e) (+9.35)  
        
HONDURAS        
     Yojoa        
          (Corn+Pipiá) + (Corn+Pipián) (a) -1.0 83.0 23.0 369 152.0    62.0 605 
          (Corn# Cowpea) - Corn 17.0 42.9 26.0 351   19.3    19.0 672 
          (Corn+Rice) - Cowpea   8.4 27.0 15.0 395.8  -26.0     -2.0 328 
     (+273.0) (+96.0)  
NICARAGUA        
     Samulalí        
          (Corn# Beans) 28.1 22.2 24.1 576.4     62.9   38.5 668 
          Sorghum + (Beans//Beans) 22.9  -1.5 10.1 586 5002.0 126.0 713 
        
EL SALVADOR        
     Chalaterango        
          Corn# Sorghum 16.4 105.3 37.2 599.4     62.7   36.5 805 
        
(a) Pipian is a type of squash (Cucurbita spp.) consumed as an immature fruit. 
(b) 1CA$ (Peso Centroamericano) = 1US$ (United States Dollar); %∆ = percentage of increment in relation to the farmer’s check cropping system performance. 
(c) All comparisons are based on the worst on-farm experimental results or 70% of experimental averages. Figures in parentheses show experimental averages. 
(d) Total cost includes all factors including land, management and use of capital. 
(e) + is in the ground with; - is followed by; # in relay with; // followed shortly after by. 
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Table 3. Technical economic efficiency indexes for some farm level evaluated modifications to cropping systems practiced by small  
  farmers in different areas of Central America (CATIE 1978-1979). 
 
Geographic area 
“cropping pattern” 

Return to 

 Cash Input Costs Labor Land 
 

Net Return 
Over 
Additional 
Investment 
CA$/1US$ (b) 

CA$/1US$ %∆ (c) CA$/man   
day 

      %∆      CA$/ha %∆ 

COSTA RICA         
     Guácimo-Pococí      1.7 2.95          9.7     20.6      49.3   1695     112 
          Cassava + (Corn//Beans) (e)        .2   .60      -38.9     10.0     - 4.6     448       17 
           Corn – Corn         
         
     Pérez Zeledón         
          Corn - Beans      2.8 3.60        36.0     11.7     117.0     854      307 
          (Corn+Beans) + (Corn+Beans)      -.3 -.17    -121.0      3.0    - 66.6    -121    -130 
         (253)    (-38) 
HONDURAS         
     Yojoa         
          (Corn+Pipian) + (Corn+Pipian) (a)      3.2 2.7       38.0     3.5    155.0     406     127 
          (Corn # Cowpea) - Corn      1.5 4.9     -17.0     6.8        2.0     702       18 
          (Corn+Rice) = Cowpea     - .5   .6       - 4.0       .7    - 29.0        115.2     -18 
 (+5.9) (d)  (+193) (+3.6) (+246)  (+444) (+215) 
NICARAGUA         
     Samulalí         
          (Corn # Beans)    1.0 2.6      17.0    4.1       4.0    310.0      54 
          Sorghum + (Beans//Beans)    6.3   .7    450.0    2.7   400.0    378.0    908 
         
EL SALVADOR         
     Chalaterango         
          Corn # Sorghum    1.0 2.0   - 20.7    7.4   19.5    474.0      51 
         
(a) Pipian is a type of squash (Cucurbita spp.) as an immature fruit. 
(b) 1CA$ (Peso Centroamericano) = 1US$ (United Satates dollar). 
(c) %∆percentage of increment in relation to the farmer’s check cropping system performance. 
(d) All comparison s are based on worst on farm experimental results or 70% of experimental averages.  Figures in percentages show experimental averages. 
(e) + is in the ground with; - - is followed by;  # in relay with;  //followed shortly after by. 

-131- 



Table 4. Effect on per ha production and productivity of several farm level evaluated modi- 
  fications to cropping systems practiced by small farmers or different areas of Central  
  America (CATIE 1978-1979). 
 
Georgraphic Area Cropping Pattern* 

 
Country-Location Gen 

Charact. 
 

Modified Farmers Check 

COSTA RICA      
  Guácimo-Pococí H Casv. 30.5-32 T Casv. 10-12 T 
  Corn 1.4-1.6 T   B .9-1.1 T Corn 1-1.8 T  
      
  Guácimo-Pococí H Corn 3-4.3 T Corn 3.2-4.5 T Corn 1.8-2.6 T Corn 1.0-1.8 T 
      
  Pérez Zeledón H→S Corn 4.7-6.6 T B .8-1.2 T Corn 1.4-2.2 T B .4-.6 T 
      
  Pérez Zeledón H→ Corn 2.2-3.1 T Corn 1.3-1.9 T Corn .9-2.4 T B .3-.5 T 
   B .1-.2 T   B .1-.2 T   B 0-.15 T    
      
HONDURAS      
  Yojoa S→H Corn 2.2.5 T Corn 1-1.5 T Corn .8-1 T Corn .3-.8 T 
  P 3.5-5 TU P 3.1-4.4 TU SQ .9-1.1 TU SQ .8-1 TU 
      
  Yojoa S→H Corn 2.5 3 T Corn 1.5-2 T Corn 1.0-2.5 T Corn .4-1.8 T 
   CP .5-.8 T              
      
  Yojoa S→H Corn 1.0-1.5 T CP .4-.8 T R .5-1 T B 0-.5 T 
  R 1.0-1.5 T    
      
NICARAGUA      
  Samulalí H→S Corn 4-5.2 T  Corn 2-3 T  
    B .8-1 T       B .5-.6 T        
       
  Samulalí H→S S 1.1-1.6 T SR .6-.8 T B .8-1 T B .6-1 T 
  B .9-1.3 T  B .6-.8 T    
      
EL SALVADOR      
  Chalatenango S Corn 3-3.5 T  Corn 1.8-2 T  
   S 2.5-3 T   S 1.1-1.5 T  
 

* Symbols:  Casv. = cassava; Corn = corn; B = beans; P = pipián; SQ = squash; R = rice;  
      CP = cowpea; SR = sorghum ratoon; T= metric ton; TU = thousand units. 
 
   H = humid; S = dry with a short rainy period; S→H = dry period tends to be  
   longer than the humid period; H→S = humid period tends to be longer than the  
   dry period. 
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check cropping system include data from more farmers than those directly involved in the experiments. 
 
 The SFCS project advancement stopped just short of verification studies. One attempt was made 
on 40 small farms of Esteli, Nicaragua, where one of the technical recommendations developed in 
Samulali was "verified" even during the revolution in 1979-1979.  Furthermore, in 1980 the new 
government took interest in disseminating that technical option in the Matagalpa and Esteli areas 
through PROCAMPO, the new extension institution. However, priorities and plans were later changed. 
 
 Based on different progress evaluations of the SFCS project, a new four-year project was 
designed to follow up and expand on the initial one. 
 
The Second Project 
 
 The new regional project was the Small Farms Production Systems (SFPS) project, to be 
implemented through the same type of interactive work with national institutions (12). 
 
      Its design included: 
 
      1. Research for the development of improved technical options for small farmers of target areas  
 and for their: 
 
           a.  Crop production systems (ten). 
 
           b.  Animal production systems, particularly those which include "small species" (six). 
 
           c.  Mixed crops-animal production systems (three). 
 
      2. Research on methodologies for the "extrapolation" of area-specific research results to analogous          
 situations. 
 
      3. Research on technology-transference. 
 
      4. Training of national personnel in methodology and other aspects related to the advancement of 
 the project. 
 
 Thus the SFPS project would allow for a better definition of the research methodology as part of 
the process of technology development within a given area, and for addressing the two related key issues 
of site-specificity and the research-extension interphase.  Furthermore, it would allow expansion of the 
project scope from cropping systems to include animal production systems and mixed crop-animal 
production systems within the small farm, as possible steps toward a "whole farm approach." In what 
follows of this presentation, the focus will continue to be on the crops component of the project. 
 
 Additional resources were provided to include activities in Panama and for reinforcing the team  
with appropriate personnel for the technology transfer activities. 
 
 The implementation of the SFPS project has not been without problems. Some are similar to 
those of the previous SFCS project.  Others include slowdowns of 
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the research on:  "extrapolation" because of personnel changes within the project team, and "technology  
transfer'' because its allocated budget was delayed up to October of 1981.  Today, however, the project 
is being implemented in all its components and in 16 different target areas across the six countries, 
sampling the main ecological situations of the Isthmus (7). 
 
 The interaction among the research personnel from CATIE and the national research institute  
with the extension personnel at field level within the different target areas is being motivated and  
becoming stronger.  The interaction among crop production and animal production scientists within and 
outside CATIE is also evolving.4 
 
 Several technical recommendations in crop production as well as in animal production have been 
developed and evaluated through on-farm research.  Some of those in crop production are being 
"verified" (or "validated") under the strict management of at least 30 farmers each.  These include 
simple changes in the following cropping systems and areas:  potato-(maize+beans) in La Esperanza, 
Honduras; maize-beans and maize/sorghum in Comayagua, Honduras; maize/sorghum in Tejutla and 
San Miguel in El Salvador; maize-beans in Matagalpa, Nicaragua; maize-maize and maize-cassava5 in 
Guapiles, Costa Rica (6).  In some cases the first harvest has already taken place and results are very 
promising.  As expected, the technology has shown to be feasible in terms of the availability of 
resources and management capability of farmers.  Measured yield increases in maize, under those 
situations, has been at least 60% with less than proportional increases in cost, thus improving the   
income possibilities for farmers under their present circumstances. 
 
 Several mixed crop production systems of importance on small farms have been identified, and 
joint research efforts of animal production and crop production scientists have begun for improving their 
performance in areas of El Salvador, Honduras, Nicaragua and Costa Rica.  These production systems 
include the widely spread maize/sorghum cropping pattern associated with dual-purpose cattle pro-
duction in the SAT6 and the use of plantain and other crops residues as feed for pigs in the LHT7 of the 
region. 
 
 Some technical changes developed to improve the maize/sorghum cropping system in San 
Miguel of El Salvador are being tested during 1982 on over 70 small farms of 35 different and 
seemingly analogous sites of the SAT in El Salvador, Guatemala, Honduras and Nicaragua.  This effort 
is part of the research on "extrapolation" which began by considering the location of the maize/sorghum 
cropping system in the region and the climatic and soil information of these locations to assess on the   
possibilities for extrapolating a given technology. 
 
 
 
4A Symposium on Mixed Crop-Animal Production Systems was held in CATIE with the participation  
of Winrock Int. and CARDI in August 1982 (5). 
 
5- is followed by;  / in relay with; +  in association with. 
 
6SAT = Semi Arid Tropic. 
 
7LHT = Low Humid Tropic. 
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 The "verification" trials, mentioned above, form part of the research on “technology transfer." 
 
  During August of 1982 the project implementation, only in its crops component, included the 
direct participation of a) 20 professionals from CATIE, b) at least 75 professionals from national  
institutions, c) more than 40 persons, from CATIE and the participant institutions, involved in 
administrative and field back up and d) 60 field workers.  During the same time, some type of activity 
related to the project was carried on over 400 small farms, with different degrees of participation from 
the farmers themselves and across the 6 countries of the Isthmus (7).  Field days and meetings of 
different kinds helped to present the project activities and results to more farmers and technicians in the 
different target areas. 
 
Evaluation 
 
 Different evaluations have been scheduled during this case study.  They have been implemented 
through teams of knowledgeable people in FSR, who visit Turrialba and the different sites and partici-
pating institutions across the region, to survey the present state of implementation and repercussion of 
the project in comparison to what was expected.  Usually these teams are formed and hired directly by 
ROCAP/AID in consultation with CATIE.  Other cases of evaluation have been in the form of 
consultant services hired directly from selected scientists by CATIE. 
 
 Evaluations have been favorable in terms of opinion and direct contributions to the project  
development.  Many personalities involved in these evaluations are well known to the FSR practitioners.  
One of the best documented evaluations is the AID Project Impact Evaluation Report No. 14, made in 
December of 1980 and reported as "Central America:  Small-Farmer Cropping Systems" (10). 
 
 A final type of evaluation is that made by the personnel directly involved in the project.  The 
following is an attempt to review the methodology, which emerged from the project, to evaluate its   
state of evolution and possible repercussions, as seen by the participants in this case study. 
 
The Methodology and its Background 
 
 The variety of situations in which the project has been implemented shows that the FSR  
approach is useful as a general framework.  Within than, however, a strategic adjustment to the set of  
circumstances in which the approach is implemented should occur.  Such circumstances are a 
combination of:  a) quantity and quality of research resources, b) degree of autonomy of the parti-
cipating institutions from political forces, c) degree of existing coordination and interaction among   
agricultural institutions, particularly research and extension, d) available information about resources,   
accessibility and other production characteristics of target areas and e) particular characteristics of   
target area and populations. 
 
 Thus, the methodology which emerged from this case study contains several phases and details.   
However, they might not be all necessary or implementable in certain situations.  Even the order or 
timing for implementing different steps may require a particular strategy. 
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 To attempt an improvement of present cropping systems, or crop production systems, it is first 
necessary to know those cropping systems as well as the existing conditions to guide the work.  Those 
conditions are the farmer's current resource endowment (quantity and quality), his goals and purposes, 
as well as his knowledge and management capabilities (what they are doing, how they are doing it and 
why they are doing it). 
 
 Existing conditions at the small farm level, which determine most of the cropping system 
characteristics, are consequences of the ecological as well as socio-economic environment in which 
small farmers work. 
 
 The local ecological environment determines most of the physical and biotic characteristics of   
the resources handled by farmers.  These characteristics force certain technological adjustments in the 
cropping systems as well as the adjustments and priority changes in farmers' goals.  For example, in 
areas of erratic rainfall (i.e. the north of El Salvador), small farmers have developed cropping systems 
based mainly on corn and sorghum, mostly as association or relay crops.  In case of insufficient rain for 
corn, (the preferred crop), they will at least harvest sorghum, diminishing the implied risks for their sub- 
sistence.  In areas where there are possibilities of excessive rain, farmers prefer associations based on   
rice and corn.  Even the localization and arrangement of those crops within the farm are accounted for 
by the amount of water available in the soil. 
 
 The influence of society is shown mainly in the poor geographic location and income-bracket of 
small farmers.  They have been relegated there by the general type of agricultural development and its   
present structure, based mainly on large scale, capital intensive, export-type production.  However, 
society may also provide incentives and supporting guidance to small farmers.  These may come as 
improvement to their products market (marketing institutions), reinforcement of their resource 
endowment (credit, subsidy, input and machine service institutions) and reinforcement of their  
knowledge (research and extension-type institutions). 
 
Strategy 
 
 The strategy to be described is an attempt to distribute the basic FSR stages throughout different 
working phases.  These phases are necessary to allow the proper and integrated work of a multidisci-
plinary research team subject to the usual personnel and budget restrictions at the national level.  
furthermore, it attempts to allow and to promote the complementary action among agricultural 
institutions. 
 
 Simply stated, the phases in the strategy to implement this type of research in specific areas are 
as follows: 
 
Initial Activities 
 
      1. Area selection, which is based on criteria such as national priorities, area potential for  
 improvement, and possibilities for extrapolating results to and from other areas and farmers   
 (being representative of important ecological and/or socio-economic environments).  Many 
 times, however, the target area is predetermined to the institution. 
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      2. Area delimitation and general characterization (technical and socioeconomic).  This is based first 
 on background information complemented by reconnaissance visits to the area or ''sondeos" by a  
 team.  Such information should allow delimitation of relatively homogenous units (in terms of  
 climate, soil, farm resources, etc.) within the study area.  These units should be used for surveys,  
 experimental design and interpolation of results.  Each of the selected units should now be 
 further characterized through informal or formal surveys and/or measurement procedures.  
 Methods used will vary depending on the completeness of existing information and available  
 research resources.  The purpose is to identify the relevant crops and cropping systems, the  
 principal constraints on production and productivity, and other criteria for evaluating research  
 focus, progress and results.  An attempt should be made here to quickly identify "obvious"  
 technological changes which could be introduced and adopted without lengthy testing and  
 evaluations. 
 
Yearly Activities 
 
      3.   Team analysis of the current technical and socio-economic information about the area, farms, 
 farmers and selected cropping systems.  Appraisal of the technical knowledge available to the  
 research team in order to: 
 
          a.  Design and/or review the design of cropping systems modified for improvement.  This should            
    pay attention to cropping pattern, crop components and/or different elements of management. 
 
          b.  Classification of resulting designs according to the team expectation and knowledge of their     
     performance.  Resulting groups could:  i) need further exploration or support research;  ii)    
     need agronomic and/or economic evaluation; iii) need validation8 under farmer management;   
     iv) be ready for diffusion. 
 
      4. Planning of the field work for the year.  All phases should be timed to allow the beginning of the  
 field work in accordance with the agricultural season in the area.  Planning should define type, 
 number, experimental design and location of experiments.  It should also identify and plan  
 complementary studies for the area characterization and special studies.  All activities should be  
 guided by requirements and availability of research resources.  The majority of field work should  
 be located on farms and include the farmers' participation even in planning.  Work to be 
 implemented could consist of:  i) work of an exploratory nature e.g. variety trials;  ii) testing of   
 newly designed modifications to cropping systems; iii) support research experiments to solve  
 doubts in design; iv) agronomic and/or socio-economic evaluations of previously observed 
 designs; v) validation under direct farmers' management of previously and positively evaluated  
 technology; vi) completion, as needed, of area, farm and cropping system characterization,  
 especially with regard to their dynamic characteristics needing periodic observations; vii)  
 special studies of an agronomic, and/or socioeconomic nature.  Efforts to report and transfer  
 already validated 
 
 
 
8Validation or verification trials correspond to the farmers' testing of a technology with total control by  
the farmers themselves on their farms. 
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          technologies to appropriate institutions for their diffusion and/or implementation should also be  
 planned. These include a definition of the timing, procedures and the interaction with other 
 institutions in the area.  The planning should be a complete team effort so that most of the work 
 and responsibilities are understood and accepted as appropriate by each member. 
 
      5. Implementation of planned field work. This should include at least a mid-year revision of 
 progress to include and rationalize necessary previous and future adjustment to field work in the 
 year. 
 
      6. Team analysis of field work results and updating of the technical and socio-economic 
 information about the area, farms, farmers, and selected cropping systems. With this the team is 
 ready to start the next year's work as in phase C). 
 
 In the case of coordination of action with other institutions, phases 3 through 6 are mostly the 
responsibility of the research team.  Phases 1 and 2 could be implemented with a strong participation 
from the team but with great responsibility from other appropriate institutions.  Other institutions   
dealing with extension and credit should also have leadership in the diffusion and implementation of 
produced (validated) improved technologies mentioned in phases 3 and 4. 
 
 The need for a multidisciplinary team approach is implicit in the type of research and 
methodology.  The different teams formed during this case study have included specialists in agronomy, 
plant protection, social sciences and data processing.  These teams are considered multidisciplinary with   
the need for at least partial interdisciplinary actions during the work.  It is intended that no particular 
discipline or group of disciplines be solely responsible for any major portion of the work. However, it 
has been clearly seen that there is a need for letting individual scientists have certain latitude for freer 
action within their discipline which should be justified in terms of the whole team's objectives. This is   
reasonable since the whole team's effect is composed of contributions by individual disciplines and the   
results of their interactions. 
 
 The work requires a change in attitude from each scientist who has been trained as a specialist. 
 
Implications of the Methodology in its Present State 
 
 Evolving from the original idea of focusing research, possibly in a more traditional and control-
led manner, on the cropping systems used by the small farmers, the final methodology in the  case study 
considers and explicitly positions the research within: 
 
      1.  The whole process of technology development for a given area and in contact with the  
 beneficiary farmers on their own farms. 
 
      2. The whole set of circumstances of the farms in which the technology should operate and  
 produce tangible benefits to farmers and society. 
 
 However, it is still centered around the researcher and extensionist responsibilities within the   
technology development process.  The participation and influence of other agricultural support 
institutions is usually considered as exogenous. 
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 Within research itself, it is centered around an "adaptive" type of research, even though its ties 
with and motivation for a "support” type of research are constantly evolving. 
 
 At the farm level it still focuses attention on particular components of the whole farm (particular 
cropping systems, animal production systems or mixed crop-animal production systems).  Even though   
it requires a careful consideration of the interaction of the target production system with the remains of   
the farm, it is short of being a "whole farm approach" or "FSR on the large" as is conceptually proposed 
by many. 
 
 However, even in its present stage of evolution, the methodology has a series of repercussions 
and requirements. The participant researcher sees his or her traditional scope of work increased in two 
dimensions: 1) as part of the whole technology development process and 2) as part of a production 
system within a farm and all its circumstances.  Even though researchers realize that this fact puts their 
work in much better perspective, they need guidance to understand that it is neither required nor 
convenient that the researcher become responsible for everything within this amplified scope.  
Researchers should be motivated to accept and search for the support and complementary work of other 
participant disciplines and institutions to make the whole approach more efficient.  The principal 
motivation should be for the use of existing technological knowledge and documented research results, 
whenever possible and appropriate.  The interaction with extension personnel is useful during the area 
selection and diagnostic stage, as well as in selecting collaborating farmers and in interacting with them 
during the on-farm evaluation or validation trials and the extension phase.  Interaction with technicians   
from other institutions should also be motivated when appropriate. 
 
 Furthermore, when the participation of extensionists or technicians from other institutions are not 
made explicit or they are not advised when some activities related to their field and work area are 
necessary, some misunderstanding might arise.  The most common are the apparent duplication of 
activities or interferences which are not well thought out from the institutional organization point of 
view and are detrimental for motivating any desired collaboration.  To avoid this, a continuous effort of 
communication with other institutions working in the area might be needed. 
 
 The previous observations tend to suggest that efforts similar to the case study should be 
proposed as temporary and geared to put in proper perspective, motivate and organize the needed 
interactive and cooperative work among the different institutions with responsibilities in technology   
development.  This promises to benefit their individual as well as their joint contribution to 
development.  The effect of this might also motivate appropriate legislation and resource allocation to 
make this permanent. 
 
 Many observers of the approach in its present state tend to point out its apparent greater 
requirements, in resource quantity as well as duality and organization, than is presently available.   
However, these requirements also exist under the more traditional approaches, and it is not clear yet that 
those observations of relatively high cost through provision of new resources are true. Possibly the 
foremost requirement is a reorientation and reorganization of existing resources in the different 
institutions to allow their effective interaction.  It does not even require changes in their present broad 
objectives and responsibilities for cooperative work; but, it does require acceptance of these as 
appropriate and desirable for their own effective work. 
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 Clearly, however, the approach requires motivation and special training for all new participating 
personnel.  To diminish this need in the future, such motivation, orientation and training should be 
incorporated as part of the normal professional preparation before   graduation. 
 
 Crucial elements in training include background and operation of the methodology as well as   
team organization and leadership.  A complementary element found at fault, in most situations, relates   
to the capability to identify and properly design projects which could be proposed for financing by the 
government or other available sources. 
 
 The regional character of the case study has shown that the whole approach can be greatly 
benefited by a networking of the teams operating in different areas and across countries.  This provides   
for cross feeding of information, motivation and more attractive possibilities for training in benefit of 
over-all efficiency. 
 
Repercussions of the Case Study 
 
 The repercussions of this case study have been analyzed at the CATIE, national institution and   
the farmer levels. 
 
 The repercussions in CATIE have been especially important within the Crop Production 
Department.  The CPD centers its work on research and training for the development of production 
technology in important cropping systems on small farms of the region.  This is done by promoting, 
stimulating, and participating in the formation, training, work and support of national multidisciplinary   
technology development teams.  It is achieved by the interaction of two structural elements:  1) outreach 
for direct support to research institutions and 2) activities at CATIE, such as supportive research, 
methodology development and training, in support of the outreach.  The first element acts and interacts   
with national institutions across the countries of the region.  An Outreach Coordinator has the basic 
responsibility of providing two-way communication between national research programs and the 
cropping systems research team and support components of the CPD.  The second element provides a 
linkage of research across countries and ecological situations within the mandate region.  This is 
achieved by lending scientific support to country teams in terms of genetic material, research methods,   
specific component technology, documentation, laboratory, data processing and biometrics services.  In   
addition, a specific support research team was formed to back up national teams working mainly within 
the SAT and LHT of the Isthmus.  Training personnel and activities also support the network of research 
sites by providing task-specific training as well as in the methodology for interdisciplinary research with 
farmers' participation.  Resources for the reorganization of the CPD have been provided since 1978 by 
different agreements and projects designed to allow the complimentarity and organization of the 
different activities of the CPD, under the approach developed during the case study.  Financing has been 
provided by AID, EEC, GTZ, IDRC and IFAD. 
 
 At the country level, every research institution is aware of the approach promoted by CATIE and 
is utilizing it to different degrees.  In every country at least one research institution is participating as 
part of the regional effort presented in this case study.  In many cases, moreover, there are similar efforts 
which have begun in other areas of the country and usually in interaction with other international 
research support or financing institutions reinforcing the use of the approach in the region.  The 
requirement for training in the use of 
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the approach and in the identification and design of projects using it have also increased at country   
level.  It is anticipated that this support will be needed for several years. 
 
 At farmer level, even though the case study has not entered completely into the extension   
phase, there are some direct repercussions.  In all the target areas many farmers have provided direct 
cooperation to the technicians and they have also received some technical feedback, mostly in an 
informal manner and in aspects beyond the work specific to the case.  Many of them have received 
inputs, for plots as large as 1000 m2 and 0.7 ha9 during verification trials.  In some of the target areas,   
such as Matagalpa in Nicaragua, some technical elements have been picked up by several farmers even 
from evaluation plots without any transference effort.  In other areas farmers seem to be increasing   
their confidence in technical personnel at least in accepting to interact with them. 
 
 The direct interaction between researchers and extensionists at the area level is benefiting both 
groups and the farmers.  However, there is much to do yet to reinforce the research-extension transition 
and extension phase in the approach within the case study.  In the same way, there are still needs for 
developing specific and simpler procedures, particularly for the "grey areas" which coincide with the  
transitions among different phases of the approach and with the interaction among institutions.  All   
these will be crucial in relation to the organization among institutions and political commitment to a   
continuous and efficient technological development effort, given their resource endowment.   
 
 So far the methodological evolution and state of development of the research approach described 
is very promising.  However, the awareness and willingness of the technicians involved in this type of 
work at field level might become as important as the approach itself for closing the time lag between an 
initial investment in research for a given area and its measurable impact at farm level.  This implies that 
even though temporary, efforts such as this case study promise permanent benefit to the agricultural 
research institutes and farmers of the region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
90.7 ha = 1 manzana, land measurement unit used in Central America. 
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APPENDIX   I 
 

THE INSTITUTION 
 
 
 CATIE is the "Tropical Agricultural Research and Training Center" located in Turrialba, Costa 
Rica.  Its mandate includes research, training and technical cooperation in crop production, animal   
production and forestry with focus on the Central American and Caribbean regions. 
 
 CATIE was founded in 1973 as an association between IICA, the specialized agricultural body 
within the OAS, and the Government of Costa Rica.  Guatemala, Honduras, Nicaragua and Panama have 
also become partners in the association while the memberships of El Salvador and Dominican Republic 
are in process. 
 
  The priority for CATIE's orientation and focus on the "Small Farm Sector" of the region was   
identified by the member countries in 1973 (2). 
 
 CATIE operates with a staff of 80 professionals in different fields of agriculture (half of them 
expatriate) and a budget of ten million dollars per year.  Most of the budget is accounted for by specific 
agreements and projects financed by AID, DDA, EEC, IBM, IDB, IDRC, IFAD, GTZ, ODA, UNU, 
Kellog Foundation and the Government of Holland.  IICA and the member governments provide the 
core budget (8). 
 
 At its headquarters in Turrialba, CATIE houses the oldest graduate school and one of the 
principal libraries in agriculture for Latin America. 
 
 CATIE develops most of its activities out of Turrialba at country level and in strict interaction   
with the different national institutes. 
 
 Three research departments (Crop Production, Animal Husbandry, Natural Renewable 
Resources) and one support department (Resources for Research and Training) allow the present   
outreach work of CATIE. 
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APPENDIX   II 
ACRONYMS 

 
AID  Agency for International Development, United States 
 
CATIE  Centro Agronómico Tropical de Investigación y Enseñanza (Tropical Agricultural Research and       
  Training Center) 
 
CENTA Centro Nacional de Tecnología Agrícola (National Center for Agricultural Technology), El  
  Salvador 
 
CPD  Crop Production Department 
 
DDA   Swiss Program of Cooperation for Development 
 
DGTA  Dirección General de Técnicas Agropecuarias (General Direction of Farming Technics),   
  Nicaragua 
 
EEC  European Economic Community 
 
FSR  Farming Systems Research 
 
GTZ  Gesellschaft für Technische Zusammenarbeit (Agency for Technical Cooperation), Germany 
 
IBM  International Business Machines 
 
ICTA  Instituto de Ciencia y Tecnología  Agropecuaria (Institute for Agricultural Sciences and   
  Technology), Guatemala 
 
IDB  International Development Bank 
 
IDIAP  Instituto de Investigaciones Agropecuarias de Panama (Agricultural Research Institute of   
  Panama), Panama 
 
IDRC  International Development Research Centre, Canada 
 
IFAD  International Fund for Agricultural Development 
 
IICA  Instituto Interamericano de Cooperación Agrícola (Interamerican Institute for Agricultural   
  Cooperation) 
 
IRRI  International Rice Research Institute 
 
LHT  Low Humid Tropic 
 
MAG  Ministerio de Agricultura y Ganaderia (Ministry of Agriculture and Livestock), Costa Rica 
 
PROCAMPO Programas Campesinos (Peasant Programas), Nicaragua 
 
OAS  Organization  of  American  States 
 
ODA  Overseas  Development Administration, United Kingdom 
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PNIA  Programa Nacional de Investigación Agropecuaria (National Program for Agricultural     
  Research), Honduras 
 
ROCAP Regional Office for Central American Programs 
 
SAT  Semi Arid Tropic 
 
SFCS  Small Farmer Cropping Systems 
 
SFPS  Small Farm Production Systems 
 
UK  United Kingdom 
 
UNU  United Nations University 
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LINKING FARMING SYSTEMS RESEARCH AND EXTENSION 
TO THE FARMER - THE PHILIPPINE EXPERIENCE 

 
Edgardo C. Quisumbing1 

 
Background 
 
 Even before the Masagana programs in rice and corn production were launched in the early 70's,   
the Philippines had been pursuing the development of the agricultural sector through the implementation 
of commodity-oriented production programs.  Such strategy was necessary, for it enabled the country to 
concentrate its limited financial and manpower resources on priority commodities.  Many programs 
focusing on the production of rice, corn, sugarcane, coconut and livestock were implemented.  The most 
massive of these is the Masagana 99 rice production program, which was also known as the "program 
for survival."  It was launched after a killer flood devastated our rice production area in the north and a 
drought hit us in the south. 
 
 The results of the Masagana 99 program are now legend.  It brought the country to rice self-
sufficiency and made it a rice-exporting country in just a few years.  However, the impact of the oil 
crisis has resulted in increased prices of farm inputs and has seriously affected the incomes of the rice   
farmers.  This situation, plus the high risks inherent in agricultural enterprises as a result of the vagaries 
of the weather, prompted the Ministry of Agriculture to review the commodity-oriented approach to 
agricultural development. 
 
 It became apparent that in order to minimize risks and at the same time increase the incomes of  
our farmers, the whole farm should be considered as a resource, and production programs focused at  
utilizing the entire farm instead of just a single commodity of the farm should be implemented.  Thus 
was born the concept of farming systems, which is basically the utilization of the entire farm for the 
maximum benefit of the farmer.  It could involve the production of several crops together or in 
sequence, the production of livestock or fish to utilize farm by-products and any post-harvest or post-
production activity which would be necessary to add value to the farm's production.  The farming 
systems approach, by virtue of its orientation towards optimizing farm productivity and profit, will have 
more flexibility in dealing simultaneously with several commodities.2  As a matter of fact, this approach  
would probably be more fitted to areas which are producing a wide range of agricultural commodities,  
i.e., crops and livestock.  Furthermore, this approach necessitates that supervision be focused on farms   
rather than only on the crop or livestock of the farmer. 
 
Farming Systems Program in the Philippines 
 
 Farming systems research and extension activities in the Philippines are being implemented 
through various programs and projects of the Ministry of 
 
 
 
1Deputy Executive Director, National Food and Agriculture Council (NFAC), and Director, Agricultural   
Research Office (ARO) of the Ministry of Agriculture, Quezon City, Philippines. 
 
2Arturo A. Gomez, Multiple Cropping:  An Approach to Rural Development, SEARCA, College,   
Laguna, Philippines, 1978. 
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Agriculture (MA).  Although other agencies, like the Farming Systems Development Corporation    
(FSDC), agricultural colleges/universities and research institutions, like IRRI and the University of the 
Philippines at Los Baños (UPLB), have been working on farming systems research and extension 
(FSR/E), there was limited coordination with the MA regarding these activities.  This is now being   
remedied. 
 
 There are various projects in the Philippines that are utilizing the farming systems approach.   
While they assume different scopes and stages of implementation, they have similarities in dealing   
with small farmers.  The following projects serve as models on how a farming systems approach to  
research and development are being implemented in the country: 
 
 1.  The National Multiple Cropping Production Program 
 
 Farming systems research and extension was initiated in the Philippines with the implementation 
of a multiple cropping pilot project at UPLB with assistance from the International Development   
Research Center (IDRC) of Canada.  From 1972 to 1978, UPLB conducted a pilot project on multiple 
cropping in several villages of the Philippines to study the adoption of intensive cropping systems and 
its impact on small farmers.  This was a modest research and extension project which explored different 
approaches for the introduction of upland crops and vegetables in rice- and corn-based production 
systems.  Production technicians were assigned to pilot barangays (villages) and required to stay in 
the barangay and live with the farmers.  These technicians assist the farmers in the preparation of farm   
plans and budget, including possible improvements on the existing cropping pattern.  Credit and 
marketing institutions, as well as local officials, were tapped to support the project. 
 
  Initial success of this project resulted in the initiation of the National Multiple Cropping   
Program (NMCP), utilizing the field personnel of the Bureau of Agricultural Extension (BAEx) and  
Bureau of Plant Industry (BPI) under the overall coordination of the National Food and Agriculture   
Council (NFAC).  The program attempted to pilot test the whole farm approach to agricultural 
extension, which required an extension worker who can assist the farmers in any agricultural activity in  
their farms instead of just on a specific commodity like rice or corn.  The existing technicians were 
trained on multiple cropping technology suited for the various agro-climatic conditions of the country.    
Extension programs were developed to disseminate proven, workable, biologically stable and profitable  
cropping systems technology.  The program tapped the credit schemes of existing programs like 
Masagana 99 (rice), Maisan 77 (corn) and Gulayan sa Kalusugan (vegetable) into an integrated 
agricultural financing scheme.  Under this scheme, the farmer, with the assistance of the production 
technician, prepared an annual farm plan and budget for the farm activities. Loan releases and 
repayments were made at scheduled intervals depending on the production program developed for the 
farm. 
 
 Unfortunately, the centralized organizational structure of the Ministry of Agriculture (MA),   
where the field personnel belonged to five separate bureaus and were directly responsible to them, and 
the very heavy emphasis on commodity-oriented programs made it difficult to institutionalize the 
farming systems approach to agricultural production at this time.  The concept of an extension worker 
who would be a generalist instead of a commodity Specialist could not be introduced at this time, as the  
major emphasis of the Ministry was to push the rice and corn production programs, which were then our  
programs for survival.  The NMCP, however, was able to identify the necessary organizational structure 

-147- 



for promoting farming systems as a strategy for development for future use when such revisions would   
be favorable.  
 
      2.  Rainfed Agricultural Development (Iloilo) Project (KABSAKA) 
 
  Since 1974, the multiple cropping (MC) and Rice Production Training and Research (RPTR)  
departments of IRRI, in coordination with the BPI and the BAEx of the MA, had a thorough study on  
the growing of two rice crops followed by an upland crop in rainfed areas of Iloilo and Pangasinan.   
The package of technology developed includes, among others, early land preparation soon after the 
harvest of the last dry season crop so that the land is ready for dry seeding of rice at the onset of  
monsoon rains in April to May.  With the use of early-maturing varieties, the first rice crop will be  
ready to harvest in at least 100 days, and the land could be prepared for planting the second crop either 
by wet seeding or transplanting as early as September.  If residual moisture is favorable after harvest of  
the second rice crop, a third crop of upland crops like mungbean, peanut or corn could be established.   
Figure 1 shows the relationship of this introduced system of growing rainfed-lowland rice with that of  
the traditional system. 
 
 Due to the promising results which show that production in rainfed areas can be dramatically   
increased, the KABSAKA project in the municipality of Sta. Barbara in Iloilo was expanded, with   
IBRD assistance, to cover the rainfed areas of Iloilo province.  This project is now known as the Rainfed 
Agricultural Development (Iloilo) Project (RADIP).  RADIP has a production program target of 60,000 
hectares of rainfed rice areas in the province of Iloilo.  A package of improved cropping systems   
technology is being extended to the farmers on a phased basis.  Demonstration plots are being 
established.  Farmers' classes and training are being conducted.  Four extension centers, simple meeting 
halls for about 900 villagers, equipment, visual aids and vehicles for government extension staff are   
being provided.  The project is also implementing an Integrated Agricultural Financing (IAF) scheme. 
 
 Under this project, the MA in the province of Iloilo is being reorganized so that it can implement   
a multiple cropping program more efficiently.  Transforming rice or corn extension workers into general   
agricultural extension workers is, however, a very slow and difficult process. 
 
 Table 1 shows the grain yield of applied research trials of the two-rice crop system in rainfed-
lowland rice areas in Sta. Barbara, Iloilo from 1974-1979 and the progress of the KABSAKA Project 
from 1980-1982.  The significant increase in the number of farmers participating in KABSAKA by the 
end of the crop year 1982 is an indication of the acceptance by farmers of Iloilo of the two-rice crop   
production package for rainfed-lowland areas.  There is an urgent need for the Ministry to look into the 
socioeconomic factors that led to the farmers' acceptance of the two-rice cropping system in rainfed-
lowland rice areas of Iloilo and to determine to what extent the KABSAKA Project has contributed to 
this acceptance.  There is also a need to determine the cost-benefit ratio of the Project and its 
replicability.  The assistance of sociologists and economists from interested institutions would be most 
welcome, since these specialists are not readily available within the Ministry. 
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Table  1. Grain Yield of Applied Research Trials of 2-Rice Crop System in Rainfed-Lowland Rice  
  Areas, 1974-79 and Progress of the KABSAKA Project, 1980-1982. 
 
 

Average Yields (t/ha)   Project    No. of 
   Farmers 

   Area 
  (ha)         1st Crop     2nd Crop        Total 

      
KABSAKA, Iloilo (20 Municipalities) 
      
  1974 2 1                  3.0         4.0               7.0 
  1975 9 25                  4.8         5.0               9.8 
  1976 54 89                  5.2         4.0               9.2 
  1977-78 88 141                  4.90         1.50               6.40 
  1978-79 276 477                  4.40         4.60               9.00 
  1980-81 1,040 1,500                  4.35         4.15               8.50 
  1981-82 4,562 6,302                  3.78         3.53               7.31 
 
3. Agusan del Sur, Bukidnon and Capiz (ABC) Resettlement Project 
 
 Another project utilizing farming systems as an approach to agricultural development was   
initiated with World Bank assistance in moribund resettlement areas located in the provinces of Agusan  
del Sur, Bukidnon and Capiz. Initial activities in the area involved component technology testing in 
farmers' fields leading to the identification of packages of production technology relevant to the areas.   
The next stage involved the initiation of pilot production programs with the extension service taking   
the lead role on these activities, utilizing technologies which have been tested and adapted to the areas 
concerned. 
 
 The initial results of these pilot projects are shown in Table 2 and indicate that the acceptance 
rate of the cropping patterns being pilot-tested is not that impressive.  We are hoping that the adoption 
rate of these recommended cropping patterns will improve in succeeding years.  However, a closer look   
at the current production levels of the lowland rice, upland rice and corn crops, which are the major   
crops in the cropping pattern, indicates that the yield levels of these crops in the settlement areas have 
increased considerably, as shown in Table 3.  In other words, the farmers who are growing rice or corn 
as a mono-crop have benefited from the applied research that has been conducted in the areas.  These   
increased yields were obtained generally through the use of improved varieties, improved planting 
densities, and better timing and application of fertilizers.  Therefore, while the adoption rate of the 
cropping pattern was low, the total crop yields of the components of the cropping pattern have increased. 
 
 The Ministry needs the assistance of trained economists and sociologists to explain why farmers 
are not adopting the recommended cropping patterns.  Apparently, farmers have found that it is more 
advantageous to adopt only certain components of a cropping pattern.  Obviously we have not taken into   
account some of the socio-economic factors that would favor the adoption of the cropping pattern we are 
recommending.  We need all the assistance we can get from the economists and sociologists to develop 
the necessary skills to better understand the decision 
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Table 2. Status of the ABC/ASC pilot production oriented program (multiplication testing), 1981-82. 
 
Site/Cropping Pattern No. of Farmers Area (ha) Yield (t/ha) Total 
 
 

 
 1980-81  

 
  81-82 

 
  80-81  

 
  81-82 

 
1st 

Crop 

 
2 nd 
Crop 

 
3 rd 
Crop 

 

         
A.  AGUSAN SETTLEMENT         
      (3 Pilot Barangays)         
         
     a.  Lowland Rainfed         
          TPR-TPR 15 55 12 65 3.06 2.58 -   5.64 
          M-TPR-TPR  6 10  3  5 0.60 3.00 3.96   7.56 
          WSR-TPR  5  9  5 10 3.68 3.73 -   7.41 
     b.  Upland Plain         
          C+M-C        -  6 -  2   1.90+ 1.40 -   3.60 
     0.30    
          C+P-C+M-UR  6 10  3  6   2.40+   2.20+ 1.46   8.96 
     2.00 0.90   
     c.   Upland Sideslope         
           C-C 10 13 15 23 1.68 1.51 -   3.19 
           C-UR  6  8  4  5 1.75 1.33 -   3.08 
           C+P-C+M-UR  6  8  5  6   2.40+   1.50+ 1.53   5.53 
     0.20 0.90   
B.   BUKIDNON SETTLEMENT         
      (3 Pilot Barangays)         
         

      a     Lowland (partially 
   irrigated) 

        

              WSR-TPR-WSR  6  4  4  5 4.19 3.66 3.0 10.85 
              TPR-TPR  -  3  -  2     4.0 4.23 -   8.23 
    b.   Upland plateau         
             C-C-M  9 15  2     5.0 3.55 3.16 1/   6.71 
             UR-C-M  7 13  2     5.0 4.69 3.11 0.23   9.03 
             C+P-C+M  4  4     .4     1.0   1.95+   1.53+ -   4.07 
     0.31 0.28   
         
             R+C-C+P  5  6     .5     1.0   2.48+   3.75+ -   8.44 
     1.66 0.55   

c.   Upland sideslope 
    Coffee/Rubber+C-C-H 

 
 3 

 
 3 

 
   1.0 

 
    1.0 

 
-/- + 

 
2.25 

 
1/ 

 
  4.27 

     2.02    
    Coffee+R-C-M  3  4    1.0     1.4 -- + 1.68 0.06   4.14 

         2.4    
C.   CAPIZ SETTLEMENT         
         
        (4 Pilot Barangays)         
   a.   Lowland rainfed         
           WSR-WSR  4  5 4   5     4.7 5.3 - 10.0 
           WSR-WSR/Mung 18 23     10 20     3.7 3.8 1/  7.5 
   b.  Upland plain         
          Corn-Peanut-C+M 10 11 5 11 3.15   0.82 1/   3.97 
          UR-UR-C  3  3 2   3     2.1   3.2+ -   7.70 
      2.4   
 
1/ Third crop not established due to drought        2/ Coffee/Rubber have no yield yet 
 
UR     - Upland Rice   DSR  - Dry Seeded Rice  +  - intercrop 
C        - Corn    P       - Peanut   -   - followed by 
TPR   - Transplanted Rice   M      - Mungbean   /   - relay planting 
WSR  - Wet Seeded Rice 
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Table 3.    Production profile of three (3) major crops (t/ha) in the ABC Settlement Project (1978 – 1981) 
 
 

CROPS A  G  U  S  A  N  : B  U  K  I  D  N  O  N : C  A  P  I  Z : 
 BM : Current : Pilot : BM : Current : Pilot : BM : Current : Pilot 

 
Lowland rice    1.50    2.60     3.33 2.00 3.0 4.02 1.25 3.6 4.35 
Upland rice    0.43    0.90     1.42 0.75 2.5 4.69 0.75 2.0 2.65 
Corn    0.68    1.60     1.84 0.80 2.63 3.35 0.99 2.7 3.5 

 
 

 
 
 
 
 
       BM - Benchmark Data (1978-79) 
       Current - Current average production in the area (1981-82) 
       Pilot - Average production of farmer – cooperators in the pilot areas in the settlement (2-4 barangays) 
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making process of our farmers.  We hope that we can interest our local universities to come to our 
assistance so that the Ministry's efforts would be more relevant to farmers' requirements and thus be 
more acceptable. 
 
      4.   Agricultural Support Services Project (ASSP) 
 
 Early in 1982 the Philippines, with assistance from the World Bank, launched the Agricultural 
Support Services Project which has for its primary objective the development of the capability in the 
MA to develop relevant packages of production technology for the different agro-climatic and socio-
economic conditions all over the Philippines, utilizing the farming systems approach.  This project will 
provide the necessary technical and financial resources to enable the 12 political regions of the country, 
and the provinces within these regions, to work with farmers in identifying, improving and developing 
technologies developed at the nation's research centers to fit the unique situation in their areas.  This 
activity will be the main function of the Regional Integrated Agricultural Research System (RIARS), 
which has recently been set up in each region.  The technical backstopping for the RIARS will be 
provided by a team of farming systems specialists of the UPLB Small Farm Systems Program (SFSP) 
which will be the main responsibility of the Soils and Farming Systems Research Institute created by 
President Ferdinand Marcos on October 16, 1982. 
 
 A unique innovation of the RIARS is the involvement of extension workers in the verification, 
adaptation and packaging of production technologies in specific agro-climatic areas of the country.  At 
present under the ASSP, one Provincial Technology Verification Team (PTVT) will be assigned to each 
province in an area most representative in terms of agro-climatic and socioeconomic conditions of the 
province.  The PTVT members are selected from among the existing MA extension workers identified in 
the area and will continue to be part of the Ministry team in the area but given the main responsibility of 
technology verification, adaptation and packaging.  These PTVT members will be trained in technology 
verification procedures and will be closely supervised by a regional technical team under the RIARS 
Manager, as well as the scientists and technical personnel of the Agricultural Research Office (ARO) of 
the Ministry, the staff bureaus and the UPLB-SFSP, which the Ministry has helped to organize and 
finance.  We expect that the training of all the PTVT members will be finished by March 1983.  The 
next step will be to organize provincial committees composed of the PTVT members, a provincial action 
officer (PAO) who is the head of the MA in the province, subject-matter specialists of the province and 
representatives of RIARS and all the regional staff and the farmers themselves to serve as the clearing-
house of technologies to be verified, improved and eventually put together as a package of production  
technology.  At the moment, the incorporation of processing, marketing, and livestock production 
activities are minimal but will be given more emphasis for future inclusion into the development of the 
appropriate farming system for each given area. 
 
 These efforts can now be actively pursued because in 1980 the MA was reorganized into 
decentralized, integrated regional offices with a regional director having line authority over the MA 
personnel and programs in the region.  Personnel who used to be identified as Bureau of Plant Industry, 
Bureau of Animal Industry, Bureau of Soils, Bureau of Agricultural Economics and Bureau of Cooper-
atives Development and were reporting to their own regional directors have now been integrated into 
one MA staff, reporting to one regional director.  The organizational structure that we have at present is 
therefore more conducive to the implementation of a farming systems approach to agricultural 
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development.  We are hopeful that with the ASSP, the modest effort we are pursuing in a limited 
number of locations will lead to a better understanding of the mechanisms, organizational structures, 
administrative procedures, and other such information which would be useful in implementing a FSR/E 
approach in more locations per province nationwide.   
 
Farmer Participation in Farming Systems Research-Extension (FSR/E) 
 
 By its very nature, FSR/E is basically an activity for small farmers who need to utilize all the 
resources on their farms and off-farm to obtain the maximum benefits of farming.  In most developing   
countries there are small farmers who are already practicing some form of farming system but who are 
unaware that this is what their practices are called.  It is therefore very essential for present and future 
FSR/E practitioners to invest sufficient time and resources in documenting the existing farming practices 
and activities of small farmers in an area before they start to design their FSR/E program.  There is so  
much that one can learn through careful documentation of what the farm family has been doing on their 
farm that has enabled them to survive for many, many years.  The farm family, because of their 
experience with their farm, is an authority, to a certain extent, on what can or cannot be done on their 
farm.  Utilizing this expertise will therefore serve to minimize the unnecessary testing of crops or tech-
nology which the farmer has already proven beyond doubt is not feasible to adapt for the area. It is the 
job of the FSR/E practitioner to determine in close consultation with the farmer what else can be done or 
how much better activities can be improved in the farm.  He or she should also be sensitive to the 
resources of the farmer so that innovations to be tried are affordable or adaptable by the farmer.  The 
experience of the farmer and the technical expertise of the FSR/E practitioner should complement each 
other in the development of improved, adaptable practices for the farmer's unique situation. 
 
 It has been observed, however, that it is invariably those farmers who have more resources than 
others that would be selected as farmer-cooperators.  They are the ones who are in a better position to 
take some risks or contribute the time and money required for the trial and error involved in the 
development of the appropriate farming system for the area.  This has been cited by some as a 
disadvantage.  On the other hand, these farmers are the ones other farmers watch.  They are also often-
times the only ones in the site who are willing to take a risk on trying the new technology we want to 
introduce.  It is therefore very important for the FSR/E implementer to find the right balance between 
this kind of farmer and the "average" farmer in choosing co-operators in FSR/E activities. 
 
 In the PIARS that we are establishing, we are making the farmer a key participant in the 
decision-making on what should be done in the farm to improve existing practices.  In many instances, 
however, the farmers have the tendency to accede to the suggestions of the younger researchers and 
extension workers.  They are usually polite and would not tell our technicians that what is being 
suggested has already been tried and has not worked.  Instead, they just go along with our technicians   
until the technicians themselves find out that what they have suggested is not workable.  The challenge 
is therefore for our technicians to draw the farmers out and make them feel that their input is vital and 
that if they feel some of the suggested innovations are impractical, they should speak out so that better  
alternatives can be found.  This will result in savings in time and finances in the long run. 
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 The Ministry realizes that it has to invest some of its resources toward better understanding the 
human side of farming so that it can be better equipped in encouraging farmers to be more confident in 
themselves and speak out freely on issues affecting them.  The Ministry needs to learn how to develop 
the capability of farmers to interact with and to demand such services that they are entitled to from the  
Ministry and the government.  It is in this area that our Ministry is appealing for the active involvement 
of the social scientists, particularly the rural sociologist, anthropologists, community organizers and 
applied communication specialists.  We are sad to report that response to this appeal has not been too 
encouraging. 
 
 FSR/E is a joint effort between the farmers, the researchers and extension workers.  The active 
participation of all three is essential for the successful implementation of this approach to agricultural   
development. 
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RELATION OF FARMING SYSTEMS RESEARCH TO 
COMPONENT  RESEARCH  PROGRAMS 1 

 
William H. Judy 2 

 
 
Introduction 
 
 Farming Systems Research (FSR) has come to have different meanings for many people, but it is  
a useful methodology which has come to be endorsed by foreign development agencies and institutions,  
even in its differing guises.  Because FSR has such deep support currently, it behooves us to strive to  
develop a clear conceptual framework for each approach and assess the impact that each approach can  
have upon donor and development institutions, both in LDC's and in those nations that support 
development through either financial, technical assistance, or conceptual (academic) means. 
 
 FSR seeks to bring together research, extension, and the farmer to identify, establish priority for,   
and solve constraints to agricultural productivity.  Constraints can be considered within the farming-
living situation, but the methodology takes into account the policy and support system environment. 
 
 One part of FSR is the methodology - the Farming Systems Approach to Research, Extension,  
and the Farmer - FSAR/E.  One part of FSR is the approach to policies and support systems.  One part of 
FSR is the FSR practitioner.  
 
 This paper focuses on the FSR that includes the approach to component research with some 
consideration given to the practitioner.  Some US/AID activity in introducing the FSR methodology is 
discussed in Section 7. 
 
Levels Or Stages Of  Research  and How FSAR/E Could Affect Each 
 
       1.   Basic Research:  Generation of knowledge for which there may be no current or   
       immediately foreseeable use or application. 
 
       2.   Applied Component Research:   Replicable investigation to address the parts or the whole of  
       a constraint.  Applied research is directed to one of the following areas: 
 
       a.  Commodity  - maize, rice, beef cattle 
 
       b.  Discipline  -  breeding, pathology 
 
       c.  Problem  - disease, plant lodging, soil management 
 
 
1 Presentation at the Farming Systems in the Field Symposium held 21-23 November 1982 at Kansas 
State University, Manhattan, Kansas.  The views presented herein are those of the author and do not 
represent the official policy of the Agency for International Development. 
 
2 Senior Agricultural Research Officer in the Technical Resources Office for Agriculture and Rural 
Development in the African Bureau of the Agency for International Development, Washington D.C.,   
U.S.A. 
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 Effect of FSAR/E:  Can be applied at several points in the system to assist in: 
 
 -  Identification of all constraints 
 -  Establishing the priority for selecting constraints for research 
 -  Defining the research problem 
 -  Describing the methodology 
 
      3. Verification Research:  Extending the applied component research to evaluate research results in 
 a replicable manner with the end user. 
 
 Effect of FSAR/E:  Generally considered to be a major activity of the FSP practitioner to: 
 
 -  Involve research, extension, and farmer 
 -  Describe target group of farmers 
 -  Assist in selection of evaluation sites 
 -  Assist in methodology, conduct of research, and evaluation 
 
      4. Demonstration and Extension:  Spreading the research results which are found to be biologically  
 and economically viable and acceptable to the target group of farmers. 
 
 Effect of FSAR/E:  Considered to be a major activity of the FSR practitioner to: 
 
 -  Involve extension and the farmer 
 -  Assist in selection of methodology 
 -  Assist in evaluation of adoption 
 
Geographic Domain of Research Unit and How FSAR/E Could Affect Each 
 
      1. Ecological/Sociological Domain:  The research system is organized to address the needs of a 
 homogenous area defined by ecological parameters but with consideration given to sociological,   
 agricultural, and political parameters. 
 
 Effect of FSAR/E:  Can be applied to system. 
 
 a.  Sub-National Domain:  The FSAR/E can be utilized effectively, assuming proper attention to   
      cost effectiveness. 
 
 b.  Regional (Multinational):  The FSAR/E can be effective when there is an established                         
       mechanism for researchers to readily share planning and evaluation of research results across  
       national boundaries. 
 
      2.   National or Sub-National Domain:  The research system is established to address the needs of         
 agriculture for the entire country or for some sub-national geographical area. 
 
 Effect of FSAR/E:  Can be applied to system.  Success in adjusting research program will be 
 affected  by: 
 
 -  Institutional linkages of research and extension 
 -  Mandate given to research and to extension 
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 -  Level of training of research and extension  
 -  Skill of research and extension administrators in  recognizing and  addressing national policy       
     issues  
 
     3. Regional (Multinational) and International Center:  The system is organized to address 
 commodity, discipline, or problem oriented research. 
 
 Effectiveness of FSAR/E:  Can be applied to some parts of the institution and its program.  
 Success in adjusting research program will be affected by: 
 
 -  Mandate of the institution 
 -  Number of definable constraints 
 -  Geographical site of institution 
 -  Effective linkages between institution and national research programs  
 -  Resources available to the institution 
 
The Research Program and Organization of an Institution Doing Component Research Can Be Affected 
in Several Ways 
     1. The statement of the research problem can be changed. 
 
     2. The order of priority of constraints to agricultural productivity can be realigned. 
 
     3. Scientists of different disciplines can be added or deleted. 
 
     4. The locale of part of the research can be changed from on-station to on-farm. 
 
     5. The research organization can be restructured and links can be established with extension. 
 
The Current Status of the Component Research Organization Will Determine How It Will Be Affected  
by FSAR/E 
     1. Young, active and building. 
 
     2. Mature, sedentary or deteriorating. 
 
     3. Under design or redesign. 
 
Component Research Programs Can Be Affected by FSAR/E in Several Ways 
     1. The component research program could be completely altered.  The changes would be observed     
  in the following: 
 
             a.   The statement of constraints, methodology, and packaging of results. 
 
             b.   Addition of disciplines such as socio-economic. 
 
             c.   Establishment of institutional linkages with extension. 
 
             d.   Addition of on-farm research activities. 
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      2. The component research program could be influenced by organizational or philosophical   
 changes. 
 
 a.   Addition of evaluation units. 
 
 b.   Addition of liaison office between research and extension. 
 
 c.   Training workshops for research scientists. 
 
      3. The component research program could be completely unchanged or unaffected by FSAR/E.   
 Therefore, other ways must be developed to introduce FSAR/E.  Some possibilities include: 
 
 a.   Introduce FSAR/E in extension organization. 
 
 b.   Establish parallel research organization. 
 
 c.   Utilize appropriate research results from other institutions and organizations. 
 
      4.   The institution may not be able to revise its component research program to include other  
 commodities, disciplines or problems because of mandate or funding constraints. 
 
Some Actions Are Underway to Utilize or to Introduce the FSAR/E in Development Programs 
 
      1.   In Sub-Saharan Africa by US/AID. 
 
  a.   In Bilateral projects: 
 
  (1)   FSAR/E written into research and extension parts of projects. 
 
  (2)   Research Extension Liaison Officer established to bridge organization. 
 
  (3)   Pre-Program Paper survey conducted to identify target groups and major constraints. 
 
 b.   In Regional projects: 
 
  (1)   Farming Systems  Support for Eastern  and Southern  Africa  national institutions to   
          train and network scientists (implemented  by CIMMYT). 
 
                (2)   Farming Systems Research portion of SAFGRAD project to identify constraints of  
          major target groups (implemented by Purdue University). 
 
 c.   In  world-wide projects: 
 
                (1)   Science and Technology Project on Farming Systems Support to supply technical          
                     assistance to plan, evaluate, and solve implementation problems;  to conduct training 
                     and workshops;  to establish a documentation and communication system;  and to     
                     conduct research on state-of-the-art FSR issues (implemented by University of  
                     Florida and associated universities). 
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              (2) Proposed Science and Technology Project on Cropping/Livestock Systems Research to        
             develop an approach which can be used to carry out integrated cropping/livestock/   
              forestry research (initially in humid tropics at IITA). 
 
      2. US/AID Agricultural Development and Rural Development Officer's Workshop participants in 
 May 1982 adopted Farming Systems Research as a "Common Themes" focus and approved the 
 D.W.  Norman paper "Institutionalizing the Farming Systems Approach to Research" as a 
 definitive document for FSAR/E in US/AID programs in Africa. 
 
      3.   In Sub-Saharan Africa by other organizations. 
 
          a.  Farming Systems Research team to develop a methodology which can be used by ICRISAT to    
    identify major constraints and evaluate research findings. 
 
          b.  Proposed Farming Systems Research and training unit to be developed at IITA to establish   
    FSR practitioner networks and training workshops. 
 
          c.  Proposed IFAD project to organize FSR units in three Sahelian countries where SAFGRAD       
    ACPO's are located. 
 
          d.  The Cooperation for Development in Africa (CDA) agricultural research initiative has as one     
     basic premise the reorienting of research to address the total farming  -  living situation of the  
     small scale commercial farmer with more emphasis on socio-economics.  The U.S. is technical 
     coordinator of this seven donor nation effort which will ultimately affect all 42 African   
     countries to some degree. 
 
The Concept and Method of Institutionalizing the FSAR/E is a Major Problem 
 
      1.   The FSR unit might be separate from the component research unit. 
 
      2.   The FSR unit might be established either in the research or in the extension unit. 
 
      3.   The FSR unit might be established partly within both the research and extension units. 
 
      4.   The FSR unit might be established in some other unit of administration such as planning or the 
 University, where research is the mandate of the Ministry of Agriculture. 
 
      5.   The total research and extension organizations might be reorganized to incorporate the FSAR/E. 
 
Risks 
 
 Some problems have developed within the FSR methodology which should be addressed by its 
proponents.  Some are inherent within the concept, some are peculiar to certain approaches, and others 
are imposed from without by financial, political, or other causes. 
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 1.   The system can become too costly in terms of people and money. 
 
 2.   Practitioners may tend to make decisions for farmers rather than offer farmers true choices. 
 
 3.   FSR design may not take into account replicability which is a requirement for prediction;       
       thus, no extension of trials results can be extended beyond the first test site. 
 
       4.   FSR may address only the current situation with no forward-looking or anticipatory research  
       being proposed. 
 
 5.   Form may be substituted for substance, e.g. determining the current situation (descriptive      
       stage) may not be translated quickly into intervention stage. 
 
       6.   Disillusionment with cost or lack of progress may erode LDC and donor support for FSR. 
 
       7.   Terminology has not been descriptive, leading to confusion about the concept and its       
       approaches to problem solving. 
 
      8.   Biological, social, and economics scientists have not always worked together as a team. 
 
      9.   FSR has not developed a proposal for dealing with the policy and support system per-      
       spectives which affect the farming-living system. 
 
Conclusion 
 
 Farming Systems Research is a useful methodology which has received wide support.  It can be 
used to reorient component research toward research on critical constraints to productivity.  The various 
approaches to FSR need to be described more accurately and the cost/benefit established for some 
typical developing country systems.  There is no one FSR model which can be prescribed for every 
country, but rather the model should be developed to take maximum advantage of the research and 
extension institutions in recognition of the absorptive and participatory capacity of predominant 
farming-living systems. 
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STRATIFICATION:   AN APPROACH  TO COST-EFFECTIVENESS FOR 
FARMING SYSTEMS  RESEARCH AND DEVELOPMENT 

 
W.W. Shaner* 

 
 
Introduction 
 
 The Consortium for International Development (CID) recently completed a study (Shaner et al., 
1982) of farming systems research and development (FSR&D).  The objective of the study was to 
prepare a set of procedures that could be used by national governments, and others, to improve the 
production and general welfare of farmers with limited resources in the developing countries.  This 
study emphasized the identification of procedures developed by practitioners of FSR&D that would be  
suitable for the resources and capabilities of developing country institutions. 
 
 While gathering data on the project, we were challenged by some that FSR&D was not cost-
effective.  They charged that FSR&D devotes too many resources -- mainly scarce researchers -- to too 
few farmers.  By following an FSR&D approach, other research activities must be cut back thereby 
shortchanging the country's total research program.  This is FSR&D's so-called site specific problem. 
 
 Even though FSR&D researchers recognize the potential problem of site specificity, those 
researchers contacted during our study generally do not agree that site specificity needs to be a problem.  
They argue that a sizeable impact on a country's small-scale farmers can be produced because of 
FSR&D's cost-effectiveness. 
 
 This effectiveness centers on three points (Harrington, 1980).  First, while FSR&D may appear 
to be costly because of recurring travel and per diem expenditures and its use of interdisciplinary teams, 
experiment station research is also expensive, considering the opportunity cost of experiment station 
facilities and the relatively high costs of station personnel. Moreover, FSR&D is believed to lead to a 
higher rate of improvements per unit of expenditures than more traditional research, although this 
contention is not well documented.  Second, FSR&D staff has developed survey and research pro-
cedures for reaching targeted farmers and producing improvements quickly.  Third, FSR&D researchers 
usually attempt to provide improvements to farmers' conditions that are better than their current 
practices but not necessarily the best that could be offered.  The reasoning for this tactic is that the cost 
in moving from better to best exceeds the value of the improvements. 
 
The second and third points combine to make FSR&D an effective means for quickly introducing 
improved technologies to the targeted farmers.  When successful, FSR&D teams can either consider 
further means for improving conditions among the same farmers or work with new farmers where 
conditions are different.  FSR&D procedures include a means for transferring research results to those 
farmers not directly participating in the FSR&D experiments.  This transfer of results is the development 
portion of the methodology (the "D" in FSR&D), which is accomplished by integrating extension into 
field-team activities during the research process. 
 
 
*W.W. Shaner is Associate Managing Project Director for the Water Management Synthesis project and 
Associate Professor in the College of Engineering at Colorado State University, Ft. Collins, Colorado. 
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 Success, however, is dependent on the FSR&D teams' abilities to identify enough farmers 
operating under essentially the same conditions so that the transfer of results extends to enough farmers.  
Identifying such farmers and their conditions is consequently a key, in my opinion, to FSR&D's cost-
effectiveness.  The various approaches to this identification is the subject of this paper. 
 
 More specifically, this paper's objectives are to 1) bring to light what others have been doing in 
stratifying farmers' circumstances so as to make FSR&D more cost-effective and  2) suggest areas for 
further research.  Ultimately, alternative approaches to stratification need to be refined and taught to 
many so that this task is not left to a few "renaissance men" who have the gift for identifying the 
relevant conditions for effective research. 
 
 The following sections deal first with the way stratification fits into the FSR&D methodology.   
Then, three approaches to stratification are described.  The paper closes with some ideas for further 
research.  Sources for much of this paper came from the CID team's literature review and visits with 
those following a farming systems approach -- primarily related to crops. 
 
Stratification 
 
 Stratification begins with the selection of a target area and proceeds to a subdivision of this   
target area into areas of environmental commonality.  These subdivisions are further divided by 
identifying farmers with common characteristics -- called recommendation domains.  Below are sections  
that summarize the five basic activities of FSR&D and describe the stratification of target areas and the  
identification of recommendation domains. 
 
Five Basic FSR&D Activities 
 
 A synthesis of the various approaches to FSR&D produced the five basic activities shown in Fig.  
1 (Shaner et al., 1982).  These activities are:  1) target and research area selection, 2) problem dentifi-
cation and development of a research base, 3) planning on-farm research, 4) on-farm research and 
analysis, and 5) extension of results.  Selecting the target and research areas therefore sets the stage for 
the subsequent activities. 
 
 The basis for selecting the target area is generally a combination of policy objectives and the   
area's technical potential.  Once selected, on whatever grounds, the area is stratified according to sub-
areas of commonality.  Then FSR&D teams select areas of research to include one or more of these sub-
areas, depending on research objectives and the relative importance of individual sub-areas.  Interdis-
ciplinary teams then study secondary information and conduct field studies to identify problems 
justifying their attention.  In the process, the FSR&D teams organize the information collected and begin 
to gain an understanding of the area's characteristics.  That is, the teams develop a base for imple-
menting their research programs.  Research activities are planned during the third phase.  During the 
fourth phase, research is carried out and the results analyzed.  Finally, successful results are turned over 
to extension or other implementing agencies for broad-scale implementation. 
 
 Completing the diagram of activities are the collaboration with extension and the experiment   
stations and the feedback of results.  Such collaboration demonstrates FSR&D's complementarity with  
other research and development. 
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activities in the region, and the feedback demonstrates the iterative process of progressively improving  
the research approach by using the results of previous research. 
 
 These activities are described in greater detail in Shaner et al. (1982) and in the book's 
references. 
 
Stratification of the Target Area 
 
 Stratification of the target area is part of the first FSR&D activity whereby the target area is 
divided according to areas of commonality.  This commonality refers to the range of physical,   
biological, economic, and socio-cultural factors that characterize small farmers' problems and the 
FSR&D team's opportunities for identifying and implementing technologies, policies, and other means 
for improving farmers' conditions.  For example, target areas have been stratified according to soils, 
rainfall, temperature, access to markets, and social customs. 
 
 Because of the heterogeneity so common within agricultural areas, these sub-areas refer to the 
general conditions prevailing in the target area.  Actually, conditions within a sub-area can be quite 
diverse because of differences in factors such as terrain, soil fertility, farm size, farmers' resources, and 
cropping patterns.  As a result, to be fully useful in conducting the research, farmers in the sub-area with 
whom the researchers collaborate need to be further screened according to their common characteristics 
-- assuming research applies to areas where farmers have established operations.  Obviously, such 
considerations would not apply to areas of colonization where farming has not been established. 
 
  This further division of a sub-area into its components of commonality produces what CIMMYT 
calls recommendation domains. 
 
Recommendation Domains 
 
 According to Byerlee, Collinson et al. (1980), a recommendation domain is a "group of roughly 
homogenous farmers with similar circumstances for whom we can make more or less the same 
recommendation.  Recommendation domains may be defined in terms of both natural factors (e.g., 
rainfall) and economic factors (e.g., farm site)."  The concept of recommendation domains has strong 
appeal.  This is in spite of the heterogeneity found among farmers and farmers' conditions and the 
objections about having to define the domains before the recommendations are made. For example, 
Zandstra finds difficulty with the concept because a domain's characteristics depend on the nature of 
some future recommendation; and these characteristics cannot be fully known until research in the area 
has been carried out (personal communication).  Still, researchers have applied the essential features of 
recommendation domains in a variety of forms, as will be shown in subsequent sections.  Also, 
CIMMYT (1981), recognizing Zandstra's point, identifies the area for research on a preliminary basis 
and then modifies the domain's description as necessary. 
 
 On an abstract level, a recommendation domain can be considered as that group of farmers to   
the left of the intersection of the curves representing the profitability to individual farmers and the 
minimum profitability level (see Fig. 2).  The shaded area (recommendation domain) represents the 
conditions whereby the net benefits of an improved technology exceed the farmers' demands of a new 
technology.  The heterogeneity among the farmers and farmers' conditions  
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explains the divergence in net benefits.  Not withstanding this diversity of results, researchers will have  
succeeded in identifying the recommendation domain if most of the farmers who find the new tech-
nology acceptable were previously identified as those being within the domain.  A point brought out by 
Byerlee, Collinson et al. (1980) is that these farmers are not necessarily contiguous and can be scattered 
throughout the target area. 
 
 Returning to Zandstra's argument, one could expect a different set of curves (fig. 2), and thus 
different domain parameters, for each technology.  This reasoning leads to the conclusion that 
recommendation domains take on two characteristics:  first, they can be used to set broad conditions for   
research, such as fundamentally different soil types; and second, the more specific the domains become,  
the more frequently they need to be redefined as the technologies change or as more is learned about the  
domains.  Some examples of recommendation domains follow. 
 
 Norman and Gilbert (1982) suggest that research strategies need to be appropriate for each 
recommendation domain.  Thus, "families in a particular subgroup will tend to have similar farming 
activities and include similar social customs, similar access to support systems, comparable marketing   
opportunities and similar present technology and resource endowment."  After considering such a range 
of  activities, the Kansas State University (KSU) team decided that the critical factors on which to base  
its initial research effort could be boiled down to three major domains:  1) relatively wealthy farms with  
a distinct emphasis on livestock, 2) marginal mixed crop and livestock farms, and 3) sub-marginal 
mixed farms with a crop emphasis (Bussing et al., 1982).  The distinguishing factors in identifying these 
domains were the power source (i.e., size of the livestock herd) and the size of the family's holdings. 
 
 In a study of a maize producing valley in one of the South American highlands, CIMMYT 
(1981) identified four recommendation domains according to altitude, irrigated or rainfed agriculture,   
main planting dates, vegetative cycle, incidence of disease, and the disposal of the maize crop.  In 
another example, this same report identified two basic recommendation domains:  one on flat lands 
and another on steep lands.  Using these two divisions, major differences were found in the way farmers 
prepared the land, in their choices of plant varieties, and in their weeding practices.  More recently, 
Byerlee et al. (1980) hypothesized that tractor ownership -- i.e., those who owned tractors and those who 
rented them -- was the distinguishing factor on which to stratify farmer types within a highland valley of 
Mexico.  Their reasoning was that those who owned tractors could prepare the land and plant their crops 
at more appropriate times than those who had to wait until tractors were available.  This hypothesis was 
then tested for statistical significance according to cropping patterns, farmers' resources, and land 
preparation practices.  While the results showed a number of factors as being significant, such as dates 
of land preparation and the number of times a field was harrowed, the authors concluded that these 
differences were not significant enough to warrant separate recommendation domains when planning 
experiments.  Clearly, this was a matter of judgment that needs testing as that research program 
progresses. 
 
Approaches to Stratification 
 
 The foregoing suggests a variety of approaches and bases for dividing farmers into distinct   
recommendation domains.  Moreover, while differences in conditions can be identified, the researchers  
are often left with largely 
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judgmental decisions as to the degree of homogeneity to attempt to capture through the stratification of  
farmers' conditions.  In the light of these uncertainties, a more thorough consideration of the way   
researchers treat this subject seems in order. Some of the more recent work along these lines is discussed 
next. 
 
Descriptive Schemes 
 
 Several authors have studied farmers' systems with the intent of gaining a better understanding  
of a family's activities and its means of production.  Below are brief accounts of three different 
approaches to the subject. 
 
 Classification of Farming Systems:   Writing on tropical agriculture, Ruthenberg (1971) 
comments that some form of classification of farming systems is necessary for devising meaningful 
agricultural policies -- even though no two farms are organized exactly alike.  By focusing on farm 
management characteristics, he divides farming according to whether its functions are primarily   
collecting, cultivating, or using grasslands.  Cultivation systems have been the primary focus of FSR&D 
work to date.  Within this classification, Ruthenberg distinguishes among activities according to type of 
rotation (e.g., ley  systems, field systems with  one crop following another, and perennial crops), 
intensity of rotation, water supply (e.g., irrigated or rainfed), cropping pattern and animal activity,  
implements used for cultivation, and degree of commercialization. 
 
 For a particular farming system, insight into farming activities can be gained by studying the 
system's natural environment and the critical aspects of the socio-institutional setting.  McArthur in   
Ruthenberg (1971) looks at climatic influences, soils, and biological conditions within the natural   
environment.  He mentions that critical problems may include soil fertility, coping with risk and 
uncertainty, low labor productivity, and seasonality of water supply.  In closing his description, Mac-
Arthur reminds us of the dynamic nature of tropical farming.  Even though farms can be classified and 
described, farmers continually make minor adjustments to their production processes because of 
changing conditions.  This practice of adjustment provides the opening for introducing improvements 
through approaches such as FSR&D. 
 
 Agricultural Growth Stages:  Harwood (1979) expands on Ruthenberg's classification by noting   
that agriculture progresses through a series of stages:  namely, hunting and gathering, crop and animal 
husbandry subsistence, consumer orientation, early commercial orientation, mechanical power for 
tillage, and finally mechanical power for additional farming activities.  While researchers have often 
used the last stage as their ideal on the assumption that increase in labor productivity through 
mechanization is the objective, Harwood suggests that such an ideal is obviously inappropriate for those  
partially or wholly subsistence farmers with limited resources.  In contrast, Harwood believes that   
FSR&D teams can usefully spend part of their initial efforts in an area by identifying the farmers' stage   
of agricultural growth.  Such an understanding helps set the research direction, since labor productivity,   
number of farm enterprises, and cash and skill requirements will vary with the different stages of   
development. 
 
 Harwood (1979) uses the following factors to identify a farmer's stage of development:  degree   
of commercialization, predominance of labor activities, cropping systems, use of draft animals, untended 
pigs and chickens, complementarity of interactions between crops and between animals, and the 
contribution of family production to its nutrition.  For example, permanent agriculture with 
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low commercial activity typically supplies most of its own food and relies heavily on the 
complementarity between crops and between  animals.  In such cases, farming becomes complex due to 
"intensive intercropping, nutrient cycling, diversified and highly developed mixed planting of homestead  
areas, and a delicate crop-animal balance (that  maximizes) productivity in an environment where 
external resource use is being minimized..." (Harwood, 1982).  In contrast, shifting cultivation and 
commercialized agriculture are not nearly as complex nor as intensive users of land. 
 
 An Ecological Systems Approach:  Hart (1982a) applies Odum's (1971) and others' ecological   
systems approach to understand better the interactions within the farm household and between the 
household and its environment.  Using this construct, the farming system is seen as part of a larger 
system that is made up of cropping, livestock, or mixed subsystems.  These subsystems in turn can  be  
broken down into subsystems of individual crops and animal types. 
 
 Such a systems approach permits Hart to focus on individual components of the farming system   
for general understanding and for subsequent quantification.  For instance, for a cropping system, study  
can be initiated on "an arrangement of crop populations that process energy (solar radiation) and 
material inputs (soil nutrients and water) to produce outputs (crop yield).  The crop population can be   
arranged both spatially (planting distances) and chronologically (date of planting)." 
 
 Hart's use of an ecological approach provides considerable insight into a farm's activities and the 
degree to which the farm is in physical, biological, and economic balance.  In one of his studies, Hart 
(1982b) began by identifying a representative farm within a region. The principal farming activities and 
interactions were next shown graphically.  Then data on inputs were gathered weekly for an entire year   
to quantify the farm's activities. 
 
 This year-long study's results provided Hart with a means both for adapting Odum's principles of 
ecology to FSR&D and for analyzing the interactions of a complex farming system.  Hart also used his 
findings to train students in FSR&D methodologies (Hart, 1979).  The approach is therefore investiga-
tive and pedagogical, rather than part of an FSR&D program aimed at improving farmers' conditions   
directly.  More direct approaches to FSR&D are described next. 
 
Stratification by Components 
 
  In searching for methodologies applicable to FSR&D, Shaner et al. (1982) came across a number 
of relevant approaches to the stratification of farmers and their environments.  Some of these approaches 
are described below under the headings of agro-climatic zones, soil and land classifications, cropping 
and the biological environment, farmers' cultural practices, farmers' characteristics, and socioeconomic 
conditions.  Each of these has a bearing in selecting representative farmers and environments for an 
FSR&D approach. 
 
 Agro-climatic Zones:  Agro-climatic zones are areas distinguished according to their suitability   
for generally broad categories of agriculture.  Rainfall and temperature (especially in mountainous   
areas) are widely used in evaluating an area's agricultural potential.  Also, measures of potential evapo- 
transpiration have been used to classify arid and semi-arid areas according 
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to "homo climates"  (Chang, 1980).  However, Chang suggests that 1) such broad classifications are   
usually inadequate for research purposes, 2) the climatic boundaries are seldom appropriate for specific 
crops, and 3) mean values of temperature, precipitation, and potential evapotranspiration are seldom   
sufficient by themselves.  Instead, Chang calls for greater attention to the phrenological requirements of   
specific crops, solar radiation, photo period, temperature extremes, and wind.  The local nature of 
FSR&D makes such attention to detail a reasonable requirement. 
 
 At a more applied level, Hargreaves (1977) derived a moisture availability index for identifying 
water deficiencies and excesses.  This index is computed by dividing the dependable (75 percent 
probability) precipitation by the potential evapotranspiration.  According to Hargreaves, "monthly   
indices are fairly adequate for most planning and development needs.  However, whenever serious 
doubt exists relative to the validity of the use of monthly values, daily data can be used to estimate  
daily, 5-day, 10-day, or 15-day values and indices.  Use of comparisons between monthly values and 
those for shorter time periods has added confidence in the use of monthly indices."  CIAT, IITA, and 
others have built some of their research work around the Hargreaves method. 
 
 Where FSR&D's responsibilities are spread over areas with different climatic conditions, then 
Lawson's approach to experimentation seems relevant. Lawson of IITA in Nigeria would have 
researchers plan their agronomic experiments after carefully studying the climatic conditions for their   
areas of responsibility.  When experiments are selectively placed and climatic data adequately recorded,   
results of cropping experiments can be more adequately interpreted in the light of actual conditions.  
Also, yield responses under varying climatic conditions can be better understood (personal 
communication). 
 
 Soil and Land Classification:   Considerable work has gone into classifying soils and land types 
for agricultural purposes.  Examples include FAO's framework, IRRI's land types, the soil temperature 
and moisture regimes of Van Wambeke, and Cochrane's work at CIAT. 
 
 FAO (1976) proposes six principles for classifying land for agricultural use.  These are 1) lands 
should be classified for specific kinds of use, 2) different types of land require comparisons based on the 
potential benefits and costs of their use, [3) missing] 4) evaluations should take account of the area's 
physical, economic, and social conditions, 5) an area's suitability should be based on its long-term use, 
and 6) alternative uses for an area require investigation.  In going through this classification process,   
researchers will be able to compare actual with potential land use. 
 
 Zandstra et al. (1981) provide recommendations more specifically to the physical characteristics   
of an area.  They explain that land types "must be sufficiently different to merit the development of a   
different technology for each..."  Their classification of land types considers terrain (e.g., plain and 
bottomland), major soil type (e.g., balo loam and loba clay), water table depth during the rainy season,   
hydrology (e.g., pluvic and fluxic), flooding hazard (e.g., absent and 1 in 10), major present use (e.g., 
rice-fallow and tree crops), and potential use (e.g., rice-rice and "as is").  These classifications have been 
applied by IRRI in its cropping systems research. 
 
 More narrowly related to soils, for broader application, is the work of Van Wambeke (e.g., 1982) 
on soil moisture regimes in Africa.  This approach 
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combines soil temperature and moisture regimes to classify soils. Van Wambeke states that the "reason 
for using soil climates is that they are the causes of many other properties...some soil characteristics are    
only meaningful when they are considered in a limited area restricted to a defined soil climate... [and]  
major soil limitations for plant growth are implied" by the classification.  Such broad-scale 
classifications as Van Wambeke's are primarily useful in 1) grasping an area's general soil and climatic 
characteristics and 2) comparing the area's agricultural research and production results with the results   
from other areas. 
 
 While working with CIAT in Colombia, Cochrane et al. (1979) extracted data from reports,  
transferred these data to computer storage, and then produced computer-aided maps of soil 
characteristics.  Data on climate, soils, and landscapes were then correlated with crop production and the 
results used to locate areas of major importance for CIAT's cropping and livestock research programs. 
 
 As another application of soil and climate classification, Palmer et al.  (1978) mapped the six 
ecozones in Kenya in studying the potential of the so-called marginal lands in the Machakos-Kitui area.    
These six zones were divided according to the ratio of rainfall to potential evapotranspiration.  Overlays 
were then placed on these six zones to account for soil characteristics and for slope.  The resulting 
classifications were then used to search for improvements in agricultural technologies suitable for semi-
arid conditions. 
 
 Cropping and the Biological Environment:  Crops, cropping patterns, and pests are commonly 
used as a basis for characterizing farms in an area.  Several of the International Agricultural Research 
Centers have a strong commodity focus.  Also, national agricultural research programs often build 
on crop breeders and experiment station programs centered on specific crops.  Another reason for 
focusing on specific crops is that most small farmers simply do not readily change their basic crops.   
Consequently, in stratifying agricultural areas, attention needs to be given to the types of crops grown 
and the stability of the cropping patterns. 
 
 Biological problems associated with insects, diseases, weeds, and other pests are also factors   
frequently deserving attention.  Research areas were zoned in Sumatra on the basis of the particularly 
troublesome grass (Imperata cylindrica).  In Ecuador, Winkelmann and Moscardi (1982) report that 
insect patterns (which were closely related to altitude) and access to irrigation were the two factors that 
established the three recommendation domains. 
 
 On a somewhat different level, Jones (1979), while working with CIAT in Colombia, conducted 
an agro-climatic survey of bean production in South America.  The objective of the survey was to 
identify the climatic conditions of the region's major bean producing areas.  Disease and pest problems, 
yields, and other relevant characteristics of bean production could then be related to climatic character-
istics, and CIAT's research program for beans could be set accordingly. 
 
 Note should be made that Jones' approach to the interaction between crops and agro-climatic data   
contrasts with the FAO study for Africa (1978).  The FAO study identifies locations in which the 
environments are suitable for producing particular crops, whether the crops are grown there or not.   
Knowledge of potential production areas according to individual crop requirements is useful as 
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a starting point in the search for new crops or cropping patterns for an area.  Additional information,  
however, is needed on a crop's or a pattern's performance in an FSR&D research area, since crops 
sometimes are grown outside the recommended areas and crops are frequently not grown within a  
recommended area.  As a partial explanation of the foregoing situations, most area classifications such 
as FAO's are useful primarily as guides that still require on-site research.  Consequently, anomalies are   
to be expected.  Also, the suitability of agro-climatic conditions is only part of the reason farmers choose 
the crops they grow. 
 
 Farmers' Cultural Practices:  Farmers' cultural practices offer a variety of opportunities for   
classification.  Categorization of farming types according to such practices was mentioned earlier when 
discussing the approaches of Ruthenberg and Harwood.  Some of the characteristics offered as being 
important in such classifications are access to, and the use of, animal or mechanical power, communal or   
individual activities, use of purchased inputs, and general knowledge about, and application of, available   
technologies.  On a more specific level, farmers differ in their methods of land and seedbed preparation, 
planting dates, plant populations, spacings, row geometry, variety selection, maintenance of soil fertility,  
pest management, and harvesting and storage methods. 
 
 The extent to which the foregoing become important in dividing farmers into separate groups 
depends largely on how strongly farmers maintain their customs.  Hildebrand has said of the small 
farmers in highland Guatemala that "you don't mess around much with the farmers' maize."  Some of 
these farmers' planting practices are tied in strongly with their beliefs and customs.  For example, they   
are loath to thin maize plants.  In contrast, Zandstra and McIntosh have said that many of the small rice 
farmers in Southeast Asia readily experiment.  This characteristic perhaps helps to explain the rapid 
acceptance of improved rice varieties in that region. 
 
 Economic Conditions:  Economic factors include those "endogenous" factors under the farmers'   
control and those "exogenous" factors outside the farmers' control (Gilbert et al., 1980).  To the extent 
that farmers will change practices under their control, then such factors are probably not a basis for 
stratifying farmers into separate groups.  On the other hand, differences in factors outside the farmers' 
control could be a basis for stratification, provided such factors strongly affect farmers' practices and are 
likely to remain unchanged. 
 
 Some of the exogenous factors likely to influence farmers' actions are land availability and   
rental rates, share cropping arrangements when established by custom, land pressures, size of holdings  
and fields, input supplies and markets for farmers' output, price stability, availability of services (e.g., 
credit, extension, transportation, water, storage and processing facilities, and electricity), surplus labor   
for hire, availability of consumer goods, and so on. 
 
 Some of the endogenous factors include the farmer's choice of farming enterprises, allocation of   
the family's resources (including especially family labor), division between on-farm and off-farm 
employment, and division of the family's output between consumption and sales. 
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 Farmer decisions over these endogenous factors may in large part be set by the family's income,   
assets, and general standard of living.  The closer the family is to bare subsistence, the less flexibility   
for reallocating the family's resources.  The KSU team used this distinction as one of the bases for 
stratifying farmers in Botswana (Bussing et al., 1981).  Along this line of reasoning, Hildebrand (1978) 
says that in "commercial agriculture, the tractor and a strong capital base are effective homogenizers of 
what is otherwise a complex milieu."  In other words, the greater the farmers' resources, the less need for 
stratification on economic grounds. 
 
 Socio-cultural Conditions:  Some of the endogenous economic factors discussed above shade 
into the socio-cultural setting so that the division between the two categories is somewhat arbitrary-- 
e.g., land rental and share cropping arrangements.  Even so, further discussion of socio-cultural   
conditions seems in order.  The essence of knowing whether to stratify farmers according to 
sociocultural conditions rests with a reasonably accurate appraisal of how readily farmers change their 
farming systems.  For this, an understanding is needed of the farm family and its socio-cultural 
environment. 
 
 Concerning the farmer, Beal and Sibley (1967) studied Guatemalan farmers' potential for change 
based on statistical analyses of farmers' characteristics (e.g., age and sex), knowledge (e.g., information 
about alternative management practices), beliefs (e.g., emotions and sentiments), behavior (e.g., 
marketing practices), and goals (e.g., family desires). 
 
 Knowing farmers' attitudes and behavior when confronted with risk or opportunities for leisure 
can influence both the timing of the introduction of change and the nature of that change.  According to 
the Beal and Sibley study (1967), farmers' education, age, and frequency of visits to metropolitan areas 
are some of the variables that correlated with the adoption of new technologies.  Where the distinction 
among a group of farmers is strong enough, stratification into separate groups should be considered.    
Family preference for red or black beans may be important in varietal selection during research design, 
but it may not be sufficiently basic to justify stratification. 
 
 Institutional factors also help share farmers' acceptance of change and, hence, deserve   
consideration.  Land tenure and share cropping arrangements, cooperation during times of social or  
economic stress, organizations for regulating water use in irrigation systems, and religious laws and   
customs are some of the social factors that may distinguish farmer groups.  Farmers who herd livestock 
compared with sedentary crop farmers is a rather obvious basis for stratification.  Differences in 
religion, on the other hand, may not be important.  Henderson (1980) points to the flexibility religion 
provides its followers. 
 
 Concluding Remarks:  This section on stratification has described some of the many factors to 
consider when attempting to identify conditions of commonality and diversity.  Systematically 
considering all possible combinations of such a multidimensional matrix is surely a futile exercise in 
orderliness.  The number of factors to consider combined with the difficulty I see in trying to reach 
meaningful conclusions probably explains my intuitive skepticism of the value of general benchmark 
surveys and my feeling that FSR&D's emphasis on early initiation of experiments is correct. 
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 But all possible combinations do not need to be considered when seeking to stratify farmers and 
farmers' conditions into researchable units.  Some factors are subsumed within categories (e.g., climate 
within elevation) and other factors are subsumed across categories (e.g., disease within elevation). From 
experience,  FSR&D practitioners have been able to identify what they believe are some of the dominant   
factors in arriving at suitable stratifications.  Below are examples of what might be called strategies for 
stratification. 
 
Strategies for Stratification 
 
 A strategy for stratification is simply an educated, possibly intuitive, approach for identifying 
those factors that are truly critical in establishing the conditions for conducting research.  When the 
recommendation domains have been correctly selected, the researchers can feel reasonably confident 
that technologies acceptable to farmers participating in the teams' experiments will have broad 
applicability throughout the recommendation domains. 
 
 Strategies taken by the Agricultural Science and Technology Institute (ICTA) of Guatemala, 
CIMMYT, ICRISAT, and IRRI cover a variety of approaches. Reports by those associated with these 
programs indicate the success of their approaches, which concentrate on only a limited number of 
factors.  Many of the other factors, identified in the previous sections, eventually get worked into the 
research designs; most are not employed, however, in establishing the recommendation domains. 
 
 The ICTA Strategy:  A rather ingenious approach to stratification is that developed by ICTA 
(Hildebrand, 1978).  In this approach, reconnaissance teams crisscross an area in search of commonality 
among farmers.  This commonality centers on cropping patterns (e.g., maize intercropped with beans), 
production methods (e.g., variety selection and time of planting), and farmers' resources (e.g., access to   
income from off-farm employment).  The approach is relatively simple to implement, since the 
characteristics being sought are generally observable or are of the type farmers readily recall and do not 
mind revealing.  The approach focuses on the farming system's characteristics, i.e., cropping patterns 
and yields, with some investigation of the reasons for these yields, e.g., time of planting and access to 
off-farm income that allows the farmers to purchase agricultural inputs.  Research on farmers' fields,   
with farmers actively participating, and farmers' production records subsequently form the basis for   
confirming or modifying the initial selection of farmers. 
 
 The advantage of this approach rests with the assertion that the output of a farming system 
integrates a complexity of environmental and farmer-related factors.  For example, the variety, time of   
planting, cropping pattern and rotations, and yields reflect soil and climatic conditions, farmers' 
preferences, market conditions, and so on.  By focusing on what actually comes out of the system, the 
researcher links onto the reality of the system and is relieved of expensive and oftentimes complex data 
collection and analysis. 
 
 The major drawback to this approach, as I see it, centers on two limitations.  First, without 
having detailed data on the environment (e.g., soils and climatic characteristics), farmers' reasons for 
accepting or rejecting changes may be inadequately understood.  Second, commonalities in farm output 
may hide basic differences in farmers' conditions and management.  For instance, differing soils or   
microclimates could be offset by differing inputs 
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of labor and materials and still yield essentially the same results.  Some of these differences will become 
apparent from the on-farm trials and records, but more thorough knowledge of the physical, biological,   
and socioeconomic environments would help in designing experiments and understanding the results.  
Budget and staffing constraints very likely account, at least in part, for ICTA's lesser attention to these   
factors. 
 
 The CIMMYT Strategy:  Much of CIMMYT's FSR&D efforts centers on farming systems in 
which maize is the dominant crop in the farmers' cropping patterns.  Partly as a result of its mandate,   
the focus on maize is both a restriction and a part of its strategy for selecting recommendation domains.   
Once maize farmers are identified, CIMMYT researchers search for major distinguishing factors.  As   
in the earlier examples, stratification can be according to elevation, where disease and frost are factors.  
In other cases, intercropping with beans and available labor may be singled out as distinguishing factors.  
For example, "different disease incidences for beans... cause farmers in one part of the agro-climatic  
environment to plant beans early, therefore delaying maize planting, (so that in) this case 
recommendation domains may result from natural circumstances  (i.e., diseases) affecting bean 
production  and an economic circumstance (i.e., labor scarcity) translating this effort onto maize 
practices'' (Byerlee, Col-linson, et al, 1980).  Other factors noted in this same reference include 
distinctions according to water source (irrigated or rainfed), main planting dates, vegetative cycle, and 
the nature and extent of maize sales. 
 
 The ICRISAT Strategy:  ICIRISAT is "concerned with the development of farming systems 
which would help to increase and stabilize agricultural production through the better use of the natural 
and human resources in the seasonally dry, semi-arid tropics..."  (Krantz, 1982).  Fundamental to its 
farming systems research has been the identification of two distinctive soil orders:  Alfisols and 
Vertisols.  Because of differences in clay content, these two soils impose substantially different 
cropping, management, and risk factors on the region's farmers.  Moisture retention is considerably 
higher in the Vertisols in spite "of their lower saturated hydraulic conductivity, (because surface cracks 
allow) higher initial intake rates and less runoff in the early rainy season than do Alfisols"   (Krantz,   
1982).  The result of this difference in moisture availability is a growing season of 17 weeks for Alfisols 
and 26 weeks for Vertisols.  These differences show up in the choices of crops, planting times, decisions 
on water storage, risk of loss, and related factors. 
 
 The IRRI Strategy:  Fundamental to IRRI's approach is its efforts to intensify rice-based farming.  
Because of this focus, areas conducive to rice production are sought out.  Accordingly, physical 
conditions related to soil texture, dependability of rainfall, terrain, and type of water system are 
evaluated for their suitability for alternative types of farming.  As examples, soils are categorized   
according to their water retention capacity; rainfall is categorized according to the number and 
continuity of months of rainfall in excess of 200 mm and less than 100 mm; terrain is distinguished 
according to land types such as terrace, bottomland, plateau, and sideslopes; and water supply is divided 
according to irrigated and rainfed systems and to the likelihood of flooding (Zandstra et al., 1981).  
Referring to these factors, Zan-dstra (1982) says that "double cropping rainfed lowland rice in regions 
with more than 200 mm rain for six months may be possible in heavy textured soils but not in light  
textured soils." 

-175- 



 The logic of concentrating on these particular factors becomes apparent when one understands   
IRRI's strategy of intensifying rice-based farming.  In contrast, temperatures are not a major factor 
because of the generally uniform climate throughout the region.  Also, less attention is directed to 
socioeconomic factors because IRRI's experience shows that rice farmers are generally willing to 
participate in IRRI's and host countries' experiments--more so than many of the more tradition-bound 
farmers in  parts of Central and South America. 
 
 By focusing on the physical environment, IRRI researchers have developed considerable 
information on the region's rainfall, land types, and related characteristics.  Such information forms a 
base for identifying areas with common physical characteristics where rice varieties and other 
technological factors can be introduced.  Such information also aids in explaining experimental 
successes and failures.  The ability to devote resources to such environmental studies is one of the   
advantages of the International Agricultural Research Centers, as compared with many national 
programs. 
 
Ideas for Further Research 
 
 The foregoing sections defined recommendation domains and illustrated the concept, gave 
examples for describing farming systems, showed ways for stratifying farmers and farmers' conditions 
that ranged from agro-climatic zones to socio-cultural factors, and closed with some strategies to cut 
through the maze of detail by identifying a few strategic factors on which to concentrate. 
 
 But has the effort devoted to stratifying farmers and farmers' conditions been adequate?  From 
our review of the literature and discussions with FSR&D's practitioners, I believe that much more could 
be done to document the successes and failures of the different stratification schemes.  Perhaps, such 
documentation will come forth as the FSR&D approach matures. 
 
 I further believe that FSR&D can be made cost-effective by increasing the potential for broad-
scale transfer of research results among regions with similar conditions.  In time, as some researchers 
suggest, portions of FSR&D results can probably be extrapolated to areas where conditions are 
somewhat different from those in which the experiments were conducted.  These and other thoughts will 
be amplified in the remaining sections of this paper, which cover agro-climatic zones, soil classification, 
modeling, and conclusions.  
 
Agro-climatic   Zones 
 
 Interesting work recently or currently being carried out in the general area of agro-climatology 
includes that of Chang, Lawson, Jones, FAO, Nygaard, Hargreaves, Virmani, and undoubtedly others. 
 
 Chang (1968) brought attention to the need for relating the fundamentals of climatology to the 
specific requirements of individual crops.  He stresses the critical influence on plant performance of 
photo period, night-time temperatures, moisture's effects on plant diseases, wind stress, and similar 
climatic factors.  Chang's continuing work in this area (1980) needs to be followed closely. 
 
 Lawson of IITA expressed interest in more carefully defining relevant climatic characteristics   
for individual crops and in planning experiments to test crop responses across gradients in West Africa.  
For example, he notes 
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that for similar moisture zones, radiation decreases because of increased cloudiness when moving from  
west to east; and that moisture decreases and radiation increases when moving from south to north.  
Judicially locating experiments within this region could provide important information about crop 
performances under varying climatic conditions.  This and similar efforts need to be followed, as for  
example Jones' work at CIAT on correlating crop performance with climatic characteristics and FAO's  
work in agroclimatic zoning (FAO, 1978). 
 
 For the future, ICARDA plans to collect data that will allow it to identify agro-climatic zones in 
the drier areas of Western Asia and Northern Africa.  Nygaard anticipates that this "characterization 
requires the assessment and recording of critical agro-meteorological parameters in conjunction with   
other relevant details of crop phenology, soil moisture supply, soil nutritional status and agronomic 
management" (ICARDA, 1981). 
 
 Currently, Hargreaves' moisture availability index (1977) is being applied to the work of several   
institutions, including IITA and CITA.  This approach helps in identifying irrigation and drainage needs 
and in selecting crops according to moisture regimes. 
 
 On a somewhat different level, Virmani et al. of ICRISAT (1978) have gathered data and 
developed procedures for the semi-arid tropics that use conditional probabilities to aid in reaching 
decisions on crop selection, planting times, water storage, and similar matters. 
 
 Advances along the foregoing lines will certainly aid in our knowledge about how to stratify 
areas according to agro-climatic characteristics.  Consequently, a review and synthesis of this and 
related efforts seem highly desirable. 
 
Soil Classification 
 
 Similar to the studies involving agro-climatology, opportunities also exist for learning from the 
various studies being conducted or recently completed.  Isolating crop performance according to   
differences in soil characteristics is possible in the Philippines and Indonesia because of the similar 
climatic conditions encountered widely in these countries (Harwood, personal communication).  
Alternatively, the Soils Benchmark Project of the Universities of Hawaii and Puerto Rico is "designed to 
test the hypothesis that agro-production technology can be transferred to other areas with similar 
agroecological conditions.  To test this hypothesis, a network of experimental sites was established in 
the Philippines, Indonesia, Cameroon, Brazil, Puerto Rico and Hawaii..." (Brady, 1982). 
 
 As noted earlier, computer-aided analysis and graphics are being used by Cochrane at CITA 
(1979) to relate soil and other relevant characteristics to crop performance.  This work should aid in 
identifying significant factors to stratification according to soil types.  This, and the results of Van 
Wambeke's soil moisture zones offer opportunities for comparison. 
 
 Studies of soil gradients, such as that of Burgos at CATIE (1979), show how soil characteristics 
change with terrain.  Burgos' study looks at locational effects on soil texture, pH, fertility, and other 
factors.  Another approach to soil gradients might be found by following up on Plucknett's suggestion  
of using transects to infer changing soil conditions from the differences in vegetation encountered   
across agro-climatic zones (National Research Council, 1977). 
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 Integrating soils with climatic studies could further enrich current understanding of how crops 
perform under varying conditions. 
 
Modeling Studies 
 
 Modeling offers another largely untapped potential for assisting FSR&D researchers in 
stratifying conditions according to relevant physical, biological, and socioeconomic environments.  
Hart's (1982b) experiments in applying the methodologies of ecological systems analysis appear to offer 
important opportunities for understanding the various components of a farming system and for studying 
energy, nutrient, and water balances at the farm level. 
 
 Eventually, mathematical modeling could add sophistication to the study of the complexities of 
farming systems (Valdes and Franklin, 1979, and Wymore, 1976).  Simulation of alternative farming 
systems could build on approaches such as that of Hart, thereby providing knowledge of how farming 
characteristics might change under alternative conditions.  An advantage of such mathematical modeling 
is the opportunity to test the effects of changes to the farming system through sensitivity analysis.  Such 
analysis points to the more relevant factors affecting the system, which thereby become appropriate 
topics for research.  However, those who plan to model small farmers and their environments should 
heed Johnston's warning about the complexity of ill-structured problems.  The complexity relates to the 
"host of variables and changing inter-relationships among those variables [that make] complete 
knowledge and understanding impossible" (Johnston, 1982), which has its implications for effectively 
obtaining useful results. 
 
Conclusions 
 
 In conclusion, considerable progress has been made by FSR&D practitioners in identifying the   
relevant factors for stratifying environmental conditions in a way that meaningful recommendation 
domains can be established.  But much more remains to be done, as indicated by some of the research 
described above.  The TAC report (1978) says that the importance of defining agro-climatic zones 
"cannot be  overestimated,   for a  successful   (FSR&D)  program must  depend heavily upon (a) a 
careful analysis of the land and climatic base; (b) an understanding of the extent and importance of  
major land systems or complexes; (c) an understanding of present land use patterns on given land 
systems; (d) an understanding of environmental-technology interaction; (e) a basis for setting of 
priorities for (FSR&D) work, particularly in relation to the farm systems to be studied and resource use 
and management issues; and (f) a basis for transfer of technology from research to the farmer, especially  
where the natural resource base is a major determinant in management systems."  Undoubtedly, 
practitioners in the socioeconomic fields could add similar statements regarding their areas of expertise.  
These subjects have only partially been covered by those concerned with FSR&D. 
 
 Eventually, one might seek to reach Harwood's ideal of being able to parachute into an area 
without knowing where, to look at a set of parameters, and then to design a technology.  This concept 
follows the idea of making farming systems research a science rather than an art and of developing and  
teaching a universal design capability that allows one to add or drop a crop or modify a farming practice  
(personal communication).  This idea may not soon be reached.  But it is worth striving for and, in so 
doing, the question of FSR&D's cost effectiveness could eventually become a dead issue. 
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FSR/E AS A FIELD METHODOLOGY  IN THIRD  WORLD COUNTRIES; 

ITS HISTORICAL ORIGINS, CURRENT FUNCTIONS, AND SUGGESTIONS FOR 
IMPROVEMENT1 

 
Frank S.  Conklin2 

 
 
 It is exciting to be in a position of both observer and participant to the evolutionary process of 
FSR/E (Farming Systems Research and Extension).  It is equally exciting to have been asked to 
participate formally in KSU's second FSR symposium.  As an observer last year, I sensed the frustration 
of some participants who were disappointed that a more operational orientation was not provided.  The 
more general perspective, however, seemed appropriate at that time to provide participants from diverse 
disciplines a common focal point (Sheppard).  That goal was achieved and I am pleased we were able to 
move on this year to operational issues of FSR/E in the field. 
 
 For my part in the program, I have chosen to focus upon FSR/E as a field methodology, what it 
offers, what gaps it currently embraces, and my perception of how such gaps may be overcome.  I 
believe this is necessary if we truly desire to help farmers in LIC's (Lesser Income Countries).  To 
conduct this exercise, three questions are advanced.  An historical perspective responds to those 
questions to help us understand how FSR/E evolved and what unfinished business remains. 
 
      The questions are: 
 
      1.   Why did FSR/E emerge, and what felt needs did it seek to address for third world agriculture? 
 
      2.   What are the qualities or characteristics of FSR/E currently? 
 
      3.   What operational shortcomings remain with FSR/E which need attention? 
 
 To answer these questions I have leaned heavily upon the emerging body of FSR/E literature.   
Review of said literature and its embellishment with my own professional perspective and experience 
from development, operation, and end of project roles on agricultural technical assistance projects 
provides the backdrop. 
 
Synoptic History of Agricultural Technical Assistance in LIC's with Roots from the U.S. Experience 
 
  Agricultural Technical Assistance (research and development) models are the product of indust-
rialized nations introduced into LIC’s largely through the mechanism of donor grant and loan projects.  
The mechanism has built in perceptions from the donor country of what it takes to achieve the general-
ized objective of "increasing production of basic food crops and livestock products thereby increasing 
income and well being of the agricultural sector" in the host country. 
 
 
 
1Prepared for the Farming Systems Research Symposium, Kansas State University, November 21-23, 
1982. 
 
2Professor of Agricultural and Resource Economics, Oregon State University, and former CID Scholar/ 
Deputy Director, Tucson, Arizona. 
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Such goals and perceptions certainly are not new.  They have been a cornerstone of technical assistance 
for three decades.  The nine AID project papers cited in the reference section may be used as examples.  
But less well recognized are the actual impacts felt within recipient countries.  A refresher history lesson 
will serve the purpose and we do not have to look any further than our own country to focus upon 
technical assistance.  A statement by Benjamin Franklin, circa 1784, titled Remarks Concerning Savage 
of North America provides the appropriate illustration. 
 
      Franklin wrote: 
 
                At the treaty of Lancaster in Pennsylvania, anno 1744, between the Government of Virginia 
 and the Six nations, the commissioners from Virginia acquainted the Indians by a speech, that 
 there was at Williamsburg a college with a fund for educating Indian youth; and that if the chiefs  
 of the Six Nations would send down half a dozen of their sons to that college, the government 
 would take care that they be well provided for, and instructed in all the learning of the white  
 people. 
 
      The Indians' spokesman replied: 
 
                 We know that you highly esteem the kind of learning taught in those colleges, and that the 
 maintenance of our young men, while with you, would be very expensive to you.  We are 
 convinced, therefore, that you mean to do us good by your proposal and we thank you heartily. 
 
                 But you, who are wise, must know that different nations have different conceptions of things;  
 and you will not therefore take it amiss, if our ideas of this kind of education happen not to be 
 the same with yours.  We have had some experience of it; several of our young people were  
 formerly brought up at the colleges of the northern provinces; they were instructed in all your 
 sciences; but, when they came back to us, they were bad runners, ignorant of every means of  
 living in the woods, unable to bear either cold or hunger, knew neither how to build a cabin, 
      take a deer, nor kill an enemy, spoke our language imperfectly, were therefore neither fit for  
 hunters, warriors, nor counsellors; they were totally good for nothing. 
 
      We are however not the less obligated by your kind offer, though we decline accepting it;  
 and, to show our grateful sense of it, if the gentlemen of Virginia will send us a dozen of their  
 sons, we will take care of their education, instruct them in all we know, and make men of 
 them. 
 
 Thus, technical assistance depends a great deal upon the nature and usefulness of the assistance   
to the intended recipient.  Whyte, in 1967, made the point in a slightly different way.  He states that   
"The chief difficulty (of technical assistance) is in the organization models men (from the Western  
world) carry around in their heads." 
 
 Three organizational models for technical assistance have been used.  They are, (1) the European  
Colonial model, (2) the U.S. land grant system model, and (3) the rural development model. This 
taxonomy is documented in Dr. William F. 
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Whyte's monograph Participatory Approaches to Agricultural Research and Development, Cornell 
University, May 1981.3 

 
 The European Colonial Model was placed into African and Asian colonies prior to WWII to 
meet food needs of the mother countries.  It was large-scale, capital intensive, labor saving, and plant-
science-research oriented.  Scientists and western world managers guided the operation, making it "top-
down" in perspective.  Adapting this model for work with the masses of small LIC farmers proved 
fruitless.  National independence ended the colonial era and with it the colonial model.  Vestiges still 
remain, however.  The post-WWII reconstruction era introduced the U.S. land grant model to the Third 
World, with its research, teaching, and extension components. 
 
 The land grant university system has contributed significantly to making U.S. agriculture the 
most productive in the world and continues to be an important source of technology.  It embraces a 
"bottom-up" design in which U.S. farmers identify major problems, and this knowledge is transferred 
through the extension system.  Farmers' sons have been the researchers, teachers, and public servants   
of the system and have been kept "relevant" through their ''roots'' at the farm.  The technical break-
through of the gasoline engine in 1900-1920's, irrigation of the West after 1920, and plant genetics 
producing hybrid seed corn in the 1930's formed the cornerstone of the agricultural bio-mechanical 
technology revolution after WWII which has typified U.S. agriculture (Hayami and Ruttan).  The 
revolution is characterized by farmer adoption of relatively capital intensive, labor saving, and land 
using technology.  This is ideal for a country which, relatively speaking, is endowed richly both with   
land and capital while facing a scarce labor supply attracted by high wages in industry.  While initially  
the process involved expansion onto new lands, it later involved intensification and specialization of   
the existing land base to increase unit land production through irrigation, biological improvement, and  
more intensive capital inputs including fertilizer, pesticides, and large-scale machinery.  The role of the 
researcher has been largely to foster further refinement of the same kinds of technology and the 
extension service to deliver it.  Some of the extension responsibility has been taken over by private 
industry.  In economic parlance the quest has been for technology which is cost-reducing and output 
stimulating to maximize  return on capital  investment as the relatively abundant resource and maximize 
output per unit of labor as the relatively scarce resource.  As U.S. agriculture became more specialized 
and single commodity oriented, especially after WWII, so also did the land grant system to meet farmer 
needs.  New disciplines emerged and departments became highly specialized and quantitative in their 
thrust.  The land grant model of today is a blend of "top-down" and "bottom up" information transfer, 
serving a highly educated and skilled agricultural clientele. 
 
 The U.S. agricultural scene just described is that of the 1980's.  It was not always like that.  It is a 
product of the changing forces which have molded and shaped U.S. agriculture over the past 200 years 
(Hayami and Ruttan). 
 
 
 
3A somewhat different, but equally useful taxonomy which provides a political economy perspective is 
presented by Alain de Janvry in his book The Agrarian Question and Reformism in Latin America.  In it 
he presents six models used in Latin America:  (1) Community development, (2) diffusionist,  (3) land 
reform, (4) rural development, (5)  basic needs, and (6) transnational agri-business.  Models (1), (2), and  
(4) are comparable to those used by Whyte. 
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Agricultural technology of the 1800's was largely mechanical in nature, developed in England by private 
innovation. A public system was initiated in the U.S. with establishment of the USDA and the land grant 
university system in 1862.  However, the first state agricultural experiment station was not established 
until 1887 when federal funding by the Hatch Act was provided.  Land expansion was the major thrust 
until about 1900.  This was followed by biological technology advances for land intensification.  
Extending knowledge to farmers was not formalized within the system until passage of the Smith-Lever 
Act in 1914.  Thus it took 50 years for the U.S. to make fully operational the land grant university 
concept and then another 50 years before accelerated technology adoption occurred at the farm level.  
Extension was not a delivery mode for research initially.  At that time there was little, if any,   linkage 
between research and extension.  Often they were administered separately.  In the formative years, 
extension was truly a "bottom-up" organization, identified directly with farmers, often received 
considerable financial support from farm organizations, and focused upon fine tuning of the limited 
existing technology available.  Extension farm management personnel conducted descriptive studies in 
the Cornellian tradition to help researchers understand farmer problems.  This extension approach gave 
way to the screening and transfer of new technology after 1950 as the prestigious sputnik era placed 
researchers into the limelight.  Farm management shifted to use of micro-economic theory and 
quantitative tools, (1) to facilitate actual decision making at the farm level and (2) to help screen the 
myriad of new technologies for economic profitability.4 
 
 The purpose of this history lesson has been to create awareness that, (1) the U.S. land grant 
model we are exporting today is a 1982 model, (2) the 1982 model is designed to meet the needs and 
problems of U.S. agriculture, (3) the 1982 model is vastly different from the 1920 and 1940 models, and 
(4) institutions are a product of the time and circumstances from which they emerge. 
 
 The next part of our history lesson is to demonstrate that the U.S. model is flawed for direct use 
in LIC's (Hayami and Ruttan, Johnson and Kilby, Timmer), and that we are re-learning lessons for LIC's 
we once learned for the U.S. 
 
 The first attempt at using the land grant model overseas was simply to export the product of that 
system, the technology itself.  Extension carried the banner of "have technology, will travel.''  The LIC's 
were not as lucky as the U.S. was in importing machine technology from England in the early 1800's. 
Rusted, large farm equipment in LIC's is mute testimony of that initial thrust.  Vestiges of that approach   
continued through the 1960's and into the 1970's.  Examples are legion.  Next, a research thrust was 
given the spotlight.  The premise was that "basic" research knowledge could be exported through an 
institution-building mechanism so that U.S. technology could be developed and adapted to the local 
environments.  Added to the monument of rusted tractors now are unfinished 
 
 
 
4The publication of Earl O. Heady's "Blue Bible" titled Economics of Agricultural Production and  
Resource Use in 1950 was the first major application of micro-economic theory to farm decision making 
and designed for graduate student use.  This was followed closely on its heels by a number of popular 
undergraduate farm management texts including Bradford and Johnson, Castle and Becker, and Heady 
and Jenson.  They were not replaced until the late 1970's when sophisticated undergraduate production 
economics texts, strong both in micro-economic theory and quantitative tool applications, emerged.  
They include those by Doll and Orazem, Forester and Ervin, and Wittcoski and Wells. 
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edifices, unused microscopes, understaffed soil testing laboratories, inoperable electrical equipment,   
stalled vehicles and machinery, and trained technicians from the middle and upper urban classes of the  
third world who have limited knowledge about their own country's agriculture  (Conklin).  The result is 
a more sophisticated version of the earlier "technology transfer" model.  Such a "top-down" model 
which limits basic research to the industrialized countries and application of that research knowledge to  
LIC's has made little contribution to the LIC's (Whyte).  Not since the yield increasing technology 
break-through of  the Green Revolution on irrigated lands in the late 1960's has there been a major 
increase in third world food production, in spite of massive technical assistance from the World Bank,   
USAID, and other international donors. 
 
 The1960's and 1970's also saw development of  a competing model to the land grant model.  It 
was called Rural Development and emerged largely from socio-economic planners.  This model 
incorporated popular participation of  the masses.  The "bottom-up" perspective of farmers and their felt 
needs were well articulated.  Unfortunately, it failed to recognize that generation of research is an 
important public good.  To do so requires an appropriate infrastructure to generate and supply the 
technology.  The infrastructure in turn requires a political power base which actively supports and 
fosters such a thrust.  Such a base is non-existent in many third world countries. 
 
 Failure of these models contributed to a number of introspective studies of such projects as 
Comilla in Bangladesh, CADU in Ethiopia, Puebla in Mexico, and Caqueza in Colombia as reported by  
Jon R. Moris in his thorough context book, Managing Induced Rural Development, 1981.  Additionally,   
selected individuals working independently, including Collinson, Norman, Harwood, and Hildebrand, 
began to address ways for overcoming deficiencies of the land grant model.  The result was a  
convergence of perspectives across a broad range of disciplines to go beyond a single commodity focus  
and embrace the full complexities of a third world farm system (Byerlee, Harrington, et al.;  Dalrymple).  
This is in stark contrast to specialized U.S. agriculture of the 1970's and more like what U.S. agriculture 
was prior to WWII. 
 
 A number of other truths emerged from these efforts which are important for us to fully 
appreciate FSR/E evolution.  Collinson's work in Africa in the 1960's and 1970's identified several  
methodological deficiencies of technical assistance research in LIC's.  They are: 
 
      1. No clear target exists from which to launch micro-level research as researchers do not know the  
 characteristics of LIC farmers, hence, have no basis for understanding them and their problems. 
 
      2. The state-of-the-art in conducting micro-level research in LIC's is very low or non-existent. 
 
      3. Institutions providing the research/extension services in LIC's are isolated from the farmer as the   
 primary client. 
 
      4. The research, teaching, and extension functions typically are isolated from each other as 
 autonomous and independent governmental, parastatal, and university components. 
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The work by CIMMYT, IRRI, IDRC at Caqueza, and others during that same time period contributed 
the following additional knowledge about LIC's (Byerlee and Briggs, IRRI, Conklin, Zandstra): 
 
      1. The bloom was off bio-technical research after the Green Revolution had blanketed the irrigated  
 land of the third world.  Moving to the remaining 85 percent of the non-irrigated rainfed uplands 
 was posing far more serious challenges. 
 
      2.  As T.W. Schultz had said a decade earlier in his book Transforming Traditional Agriculture,   
 peasant farmers are rational economic men just as anyone else.  Thus, a necessary condition for   
 introduced technologies to be adopted is that they must be economically superior to what the  
 farmer is now using. 
 
      3. Experiment station results provided unrealistic production targets as they did not reflect or take 
 account of the conditions under which farmers produce.  The non-reporting of yield trials 
 because they "failed" due to frost, adverse moisture, insect infestation, stray cows, etc., actually 
 threw out much of the information which is key to LIC experiments as they are precisely the 
 variables farmers must contend with. 
 
      4. Capital is the most scarce resource.  Yet, most introduced biotechnology requires that it be  
 purchased in the marketplace.  The level of cash input required relative to the income generated  
 may serve as an important constraint to adoption. 
 
      5. We are more conscious of considering the potential economic and social consequences of  
 technology adoption on different target audiences concerning equity, income impact, and   
 employment. 
 
Emergence of FSR/E as an Operational Methodology for Technical Assistance 
 
 The circumstances described provide the backdrop from which FSR/E emerged.  It grew from an 
initial descriptive phase designed to obtain information for researchers about actual farming systems 
used by small peasant farmers in different parts of the world (Collinson and Harwood).  This may be 
called the initial observation phase.  Many current projects operating under the FSR/E label fall into that 
category.  A detailed description of the evolutionary stage which different international agricultural 
research centers (IARC) are at is provided in the Gilbert, Norman, and Winch monograph "Farming 
Systems Research:  A Critical Appraisal," 1980.  Such procedures have yet to be operationalized by 
an organizational mechanism to implement the FSR/E model.  This is where we are today. 
 
 It is recognized that FSR/E will have to be integrated into already established experiment   
stations, extension, credit, marketing, and university units as the operational model in LIC's and not as  
an add-on to already overloaded programs.  That phase is being attempted now, on largely a pilot basis, 
with a substantial number of national agricultural programs in LIC's.  They are sponsored by a number 
of international donors including IDRC (reported by Zandstra) and USAID.  The USAID projects with 
which I am familiar that embody a FSR/E thrust all have been initiated since 1979.  They include 
EMCIP (Egypt Major Cereal Improvement Project), Tanzania, Honduras, Botswana, Lesotho, Gambia, 
Sudan, 
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and Zambia.  USAID has approximately 12 country-focused operational FSR/E projects plus a centrally 
funded USAID project being initiated this year.  While it is clear from the CGIAR/TAC report in 1978 
that a consistent body of FSR/E body of methodology has not developed across the IARC's, there are 
enough common characteristics to report (TAC).  All of the USAID projects embody, or attempt to 
embody in various degrees, the following operational FSR/E components (Gilbert, p. 2; Whyte, p. 80; 
Harrington, p. 30): 
 
      1. The farm is viewed in a comprehensive manner by a multi-disciplinary research team.  The focus   
 recognizes that multiple crop, livestock, off-farm employment, household and consumption 
 activities exist, are interrelated, and bear upon family welfare.  (The physical/biological roots of   
 IARC's generally neglect firm/household, macro-policy and distribution issues.  (Johnson)) 
 
      2. Research includes both development (up-stream) research at experiment stations and adaptive  
 (downstream) research on farmer fields.  (Some USAID and IARC projects do not yet embody 
 this component but have been encouraged by TAC to do so.) 
 
      3. Researchers and farmers are joint participants to the decision process for identifying and 
 prioritizing research projects.  (An identified need yet to be implemented in USAID and IARC 
 projects.) 
 
      4. Farmers' relative resource endowments and resource adjustment potentials are taken into 
 consideration in establishing research priorities. 
 
      5. Local farmer and citizen groups serve as resource paraprofessionals to facilitate the adaption 
 phase and assess the economic and social acceptability of introduced technology at the village  
 and community level.  (An identified need yet to be implemented in USAID and IARC projects.) 
 
      6. A distinct set of operational field procedures for research (Collinson, pp. 11-26; Norman, p. 6; 
 Gilbert, p.11; Shaner, pp. 5-6; Harrington, pp. 21-30; Conklin/IPPC; Rohrbach, p. 7): 
 
          a.   Descriptive or Diagnostic Phase for Hypothesis Formulation. 
 
                  (1)   Target and research area selection (recommendation domain). 
 
                  (2)   Collect background information. 
 
                  (3)   Conduct exploratory (informal) survey. 
 
                  (4)   Conduct (formal) verification survey (2, 3, and 4 are combined with Hildebrand's     
               sondeo approach). 
 
          b.    Technology Design Phase 
 
                   (1)   A range of alternative technology strategies are identified by research team and           
                farmers. 
 
                   (2)   Strategies are prioritized on basis of technical, economic, and social feasibility,                              
                research criteria, and farmer "felt needs." 
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               (3)   Experiment station trials. 
 
                      (a)   Technology screening. 
 
                      (b)    Primary experiments (de-emphasized with some "downstream" research). 
 
           c.   Technology Testing Phase 
 
               (1)   Researcher managed trials. 
 
               (2)   Farmer managed trials where he makes all decisions, bears all costs, and reaps all benefit          
            (losses). 
 
               (3)   Monitoring for technical and economic improvement and adoption potential. 
 
           d.   Extension Stage 
 
               (1)   Verification of whether the technology is acceptable to area farmers generally. 
 
               (2)   Dissemination of new technology and information associated with it. 
 
Operational Gaps:  And Suggestions for Overcoming Them 
 
 FSR/E is being tested as a research methodology in a substantive number of countries with 
promising results.  However, we should be careful not to view FSR/E as a panacea or an altogether new 
research methodology.  Rather, it is a means for improvement of existing agricultural institutions by 
incorporating the small farmer and his conditions into the research process.  Nor can it be viewed as all 
encompassing.  It is micro in nature, so must be supplemented with macro research on political, 
economic, and institutional issues (Gilbert). 
 
 Within the micro setting for which FSR/E was intended, this author believes a number of 
methodological and organizational deficiencies remain which require clarification and remedy.  The 
purpose here is to identify those issues for further discussion at this conference and hopefully to initiate   
dialogue on possible means for resolution. 
 
 The FSR/E literature does not contain a clear statement of the purpose of the field operation steps 
for FSR/E just listed.  Rather, they are expressed in mechanical terms to facilitate training of project 
personnel and to gain researcher understanding of complex  farming systems (descriptive analysis).  
Very limited thought has been given to prescriptive analysis of how to develop and adapt economically 
superior technology which will be adopted by LIC farmers (Gilbert, pp. 121-2).  To accommodate the 
latter need will require, in my judgment, a much heavier dose of production economic analysis than 
currently exists, using economic tools which have been well honed in the U.S. but have not been used  
by international researchers. 
 
 For starters, permit me to list the functions which I perceive the plan of work for FSR/E field 
methodology should embrace: 
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     1.  A mechanism for technical and economic evaluation of specific technologies currently used by  
 farmers which the introduced technology is expected to replace.  The purpose is to establish 
 comparative (opportunity cost) benchmarks against which the introduced technology must shoot 
 for and exceed in order to have any potential for adoption.  (No FSR/E methodology that I know 
 of yet employs this component.) 
 
     2. A mechanism for establishing research project priorities utilizing both farmer and multi-
 disciplinary research team input into the decision process.  The FSR/E literature expresses this 
 need, but nothing on how to resolve it. To answer requires a means which identifies technically    
 researchable, cost-effective, and time-oriented research choices are perceived by the researcher  
 and felt needs from the farmers' perception.  Both perceptions are combined and prioritized by a  
 multiple factor ranking mechanism, which weight the choices.  The process itself needs to be 
 formalized, but not necessarily the methodology, per se, since limited data forces heavy      
 reliance upon researcher judgment. 
 
     3. A mechanism for continuous screening of introduced technologies by technical and economic   
 criteria at experiment station and farmer field sites: 
 
          a.   For eliminating technologies which hold out little economic promise for adoption. 
 
 b.   For modifying promising technologies by suggested farmer and research changes to enhance  
       their potential for adoption in the farmer field trials. 
 

       4.    A mechanism to measure level of actual economic gain associated with general farmer             
               adoption.  The purpose is to identify the economic premium required and ultimately the               
               components (risk, resource use availability, cash cost levels, etc.) which influence it. 

 
5.  A mechanism to measure broader village and community acceptability on economic and           
       social grounds. 

 
 Each of the five mechanisms which have been outlined embody implicit micro-economic 
principles which deserve clarification. 
 
 Let us start with the comparative benchmark of what farmers are doing now.  Why is this 
important?  Well, farmers face a wide variety of decisions each year ranging from when to plow, what 
variety of seed to plant, whether to fertilize or not, at what levels, what pesticides to spray and when, 
when to harvest, what and how to store, etc. What is important is that each decision poses unique 
cost/return relationships in an ex poste context and non-unique or probabilistic relationships in an ex   
ante decision context.  For simplicity, the ex poste situation will be the focus of this paper.  On the cost 
side, each decision poses two specific cost components representing (1) purchased and non-cash family 
costs and (2) opportunity cost for use of the resources for other purposes.  The return side reflects an 
expected return or benefit from the decision(s).  The cost/return relationships for such decisions can be 
ranked or ordered.  They may include not only field decisions, but also family activities such as family 
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consumption, off-farm work, social activities, schooling, etc.  Note that this embodies farmer rankings 
within the scope of the entire set of family decisions which are made. 
 
 To improve the farmer's lot from a production perspective requires that introduced technology   
be better than what the farmer is already using.  Permit me to use an example to illustrate this point   
(Conklin).  A traditional criolla variety of barley is grown by farmers in Tiraque Valley, Cochabamba 
province, Bolivia.  It has a seed cost of $320 pesos/hectare and produces about .9 metric tons of grain/ha 
at $2900 pesos/ton, and 2.6 metric tons of straw at $1200 pesos/ton, for a total value of $5730 pesos/ha.  
No fertilizer or pesticides are used.  The incremental (marginal) cost is $320 and the incremental   
(marginal) return is $5730, resulting in a benefit/cost ratio of $5730/320=18.1.  In 1978 a higher 
yielding and yellow stripe, fungus resistant barley called Promesa was introduced for testing.  Promesa 
produced an average of 2 tons/ha of grain and 3.3 tons of straw for a total value of $9760 pesos.  The 
cash cost (seed only) was $420 pesos.  Again, no fertilizer or pesticides were applied and the family   
labor requirement was the same as with the criolla variety.  The resulting B/C ratio was $9760/420= 
23.1.  Promesa was more profitable per unit of capital than the traditional variety plus it was less risky   
by its stripe fungus resistance.  By 1981 every farmer in Tiraque valley had adopted Promesa. 
 
 A contrasting situation exists in a neighboring valley called Valle Alto, where wheat is grown.   
It is a more marginal rainfall area than where barley is produced and of higher elevation.  An Australian 
wheat variety well adapted to the area is the principal grain produced.  It produces .3 metric tons/ha at 
$3580/ton and a straw yield of .4 tons/ha at $750/ton for a total benefit of $1374.  Total cash cost was 
$60 pesos for the seed.  The resulting B/C ratio was $1374/60=23:1.  A short stemmed CIMMYT 
variety called Sapsucker is well adapted to the area.  The AID Mission and Government of Bolivia 
(GOB) have encouraged adoption of the new variety.  It produces about 2.3 tons of grain/ha and 1.2 tons 
of straw/ha for a value of $9134 or 6.6 times more income than the Australian variety now grown.  
However, Sapsucker produced well only with high fertilizer rates and weed control with 2, 4-D.  
Associated cash costs for such marked purchased inputs were $3200/ha resulting in a B/C ration of 
$9134/3200=3.3.  Note that the incremental (marginal) cost of growing the new wheat variety increased 
at nearly the same rate as the value of increased yield.  This was further exacerbated by a high yield risk   
in poor weather years.  To this day, not a single hectare of Sapsucker variety wheat has been planted in 
Valle Alto. 
 
 An important economic principle is presented in the contrast between the two valleys in Bolivia.  
The question is not whether criolla and improved wheat varieties are profitable.  They both meet that 
criteria.  What is economically relevant is the concept that economists call opportunity cost or equa-
marginal returns, in which farmers will select that choice which will earn them the most money given 
the extremely limited cash resource base they have.  That choice in Valle Alto was to stay with the 
Australian wheat variety.  If we had economic information from Valle Alto farmers on their potato crop   
and livestock operations, I suspect that we would find B/C rations well above 3:1 for them as well.  In 
Tiraque Valley the opportunity cost favored adoption of the new barley variety.  Note that in both 
situations the cash input expended was very low. 
 
 Clearly, researchers need to know what the B/C ratio is for the major points of decision that  
farmers make.  This will supply a range of ratios which would serve as a generalized benchmark target  
for which to strive with introduced 
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technology for the target group.  Anything less means no adoption; anything more we do not know until 
adoption takes place.  That is, the additional bonus for risk, etc., is not known until adoption occurs and 
researchers measure the level.  Now here is where homogeneity of the target group or recommendation 
domain becomes important.  The B/C ratios are affected by level of physical input and its associated cost 
and the level of physical output and its associated cost.  A change in any of those four factors among 
farmers change the B/C ratio. 
 
 To date, the FSR/E literature has provided very limited economics for inclusion in FSR/E 
operational methodology.  The article by Byerlee, Harrington, et al., stated that "Possibly the area where   
(FSR/E) methodology is least developed is in the use of information on farmer circumstances to select 
the technological alternatives for experimentation."  Economic analysis in the FSR/E literature has been 
limited to the CIMMYT Economics Training Manual.  That manual describes the following types of 
economic analysis used by CIMMYT (Perrin, Byerlee, Shaner): 
 
     1. Partial budget analysis of alternative treatments from experiments. 
 
     2. Marginal analysis across treatments and several experiments to rank the marginal rate of return   
 (B/C ratio) of each choice (dominance analysis). 
 
     3. Minimum return analysis to compare across treatments for price and yield variability. 
 
     4. Sensitivity analysis across treatments for price and yield variability. 
 
 Note that all comparisons are made with the introduced technology.  No linkage is made with  
the farmer and his economic circumstances.  While the analysis is excellent for preliminary economic   
screening of experimental alternatives, it does not provide a mechanism for linkage with farmer choices. 
What has been described in this paper is intended to provide that bridging mechanism to serve the 
following essential functions: 
 
     1. To provide a range of critical farmer decision points to serve as threshold targets against which  
 (a) introduced technology is judged for suitability, and (b) the opportunity cost levels of actual  
 adoption are measured to identify the adoption premium and ultimately the factors which 
 contribute to it. 
 
     2. To clarify the importance of an individual versus a package of practices approach (experience in  
 Turkey by CIMMYT indicates that single inputs are adopted in order of opportunity cost rather  
 than as a package (Byerlee, Mann)). 
 
 To date, no one knows what the incremental return premium, if any, must be to get farmers to   
shift from their present technology to the introduced technology.  The CIMMYT manual suggests a 20-
50 percent incremental return premium which they ascribe to risk.  Some have suggested B/C ratios of 2 
or 3 to 1.  Other researchers have suggested the physical doubling of yields.  None have served as 
reliable guides.  The Bolivia research reported suggests that the B/C ratios guidelines may be far too low 
for general use in LIC's and that the ratios in excess of 20 to 1 under conditions of extreme capital 
shortage may be more realistic. 
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Such high B/C ratios in LIC's may startle those of you who are familiar only with U.S. agriculture.   
Relative capital abundance in the U.S. has driven the Marginal Return of capital down to a rate nearly 
equal to its marginal cost, which is the external interest rate for borrowing capital.  But this was not 
always the case in the U.S.  Our capitalistic system in its formative years was the outgrowth of an 
environment in which capital was very scarce such that improving the efficiency of capital was 
beneficial.  Over time capital became more abundant, and with it the U.S. developed refined public and 
private financial institutions including lending agencies for farmers.  Since WWII, farmers have had 
only to prove that earnings exceeded the cost of capital to obtain loans.  Farm management extension 
shifted to applications of micro-economic theory and quantitative methods to demonstrate that new 
technology paid.  Such is not the case in LIC's.  Their capital is so scarce that the Marginal Return in 
alternative decision choices are equated internally (on the farm) across all alternative uses rather than 
with an external capital cost rate.  Additionally, the physical and biological conditions in LIC's generate 
a more variable set of uncertain outcomes than in the U.S.  The contrast can be expressed using the 
concept of a production function and marginal analysis found in any modern farm management text. 
 
 
 
 
 
 
 

[Figure missing in original document] 
 
 
 
 
 
 
 
 
 Total revenue on the graph represents a yield or response function per acre expressed in 
monetary terms from the use of varying levels of input shown on the horizontal axis.  The MR1 level   
exemplifies the capital scarce conditions in LIC's while the MR2 level exemplifies the capital  abundant 
condition of the U.S. where MR2 MC2 external capital interest rate.  Unfortunately, the   conduct of 
considerable research in LIC's is in the MR2 region of the response function, a region totally 
unattainable for LIC farmers with scarce capital. 
 
 One final economic issue is worth mentioning here.  Conventional wisdom in international    
agricultural development literature states that the LIC farmer practices risk avoidance.  Yet, there is an   
increasing body of information which does not support that contention.  Rather, it suggests they practice   
"flexibility," which reflects risk aversion for some types of decisions and risk taking for other types of 
decisions (Whyte, p. 28; Zandstra, pp. 201-4; Ortiz, p. 276; Johnson).  If this is true, and I believe that it 
is, then we need to pay much closer attention to the farmer's opportunity cost levels for each of his major 
decision points to use as initial threshold targets and divert our risk work to finding out what types of   
decisions fall into the "risk aversion" versus "risk taking" categories. 
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In closing, I believe that methodology development for FSR/E is moving in the right direction 
and shows considerable promise.  It provides an operational methodology which simply did not exist 
with the earlier U.S. land grant model applied to LIC's because it assumed erroneously that U.S. 
technology was superior, and hence, would be adopted wholesale.  Unfortunately, FSR/E to date has 
been preoccupied with trying to understand complex farming systems world-wide.  As a consequence,   
it has overemphasized ex poste extensive whole farm surveys and under-emphasized ex ante farmer  
decision making.  In the process, economic analysis (both description and prescriptive) was ignored.   
My thesis is that now we should incorporate micro-economics into FSR/E, especially that which 
examines opportunity cost levels of major farm decisions.  While micro-economics has its own flaws   
(static, risk-less, non-distributive), it is sufficiently robust to address the problems described herein. 
 
 
 FSR/E has advanced to where we are nearing embracement with LIC farmers.  I urge that they 
become full partners in this experiment.  We need their perspective to help solve their problems.  In so 
doing, perhaps we, like Franklin, may be surprised that they will make men of us. 
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FSR PROJECT EVALUATION1 
 

J. K.  McDermott2 

 
 
 The first task in FSR Project Evaluation is to recognize or perhaps even to determine what we 
are about.  Few movements in our business have generated as much enthusiasm and at the same time as 
much confusion, even controversy, as has Farming Systems Research (FSR), or as it is sometimes 
called, the "Farming Systems Approach" (FSA). 
 
 This confusion apparently does not exist among the professionals, judging from the discussions 
at this conference.  The "Farming Systems" concept, however, has picked up a huge group of "camp 
followers." These non-professionals are attracted to the concept for a variety of reasons, reflecting the 
many facets of farming systems research.  These many facets and their adherents lead to the diversity of   
interpretations of the term.  The faddish nature of farming systems comes from the camp followers, not 
the professionals.  There is a real danger that the enthusiasts will cause farming systems research to 
be looked upon as a fad, in which case it could go the way of all fads. 
 
 The very concept of systems is a bit tricky, since everything is eventually related to everything 
else.  Thus, each practitioner has the right to define "system" for his own convenience.  
 
 Here is my definition, or conceptualization, of farming systems.  There are two major definitions   
of farming systems research among practitioners. 
 
 One line of farming systems research deals with substance.  The farming system per se is the 
dependent variable.  The objective is to develop one or more new systems of farming as alternatives to 
the systems currently being used.  The worry over cropping systems as opposed to total systems has 
little meaning.  If you change the cropping system you have changed the farming system. 
 
 The second line or category of farming systems research emphasizes style, process, or approach.  
It seeks to understand the farmer and his system and to generate technology innovations that are relevant 
and appropriate to that system.  This line of work does not seek to replace current systems or even make 
major changes in them.  Over time, of course, as innovations accumulate the system will change. 
 
 Some researchers interested in the system as the dependent variable come to terms with farmers  
and their environment, i.e., they tend to adopt the farming system style or process as they deal in 
substance. 
 
 Evaluation is a tough job under the best of circumstances.  Project evaluation is far removed 
from the best of circumstances, as is research. 
 
 
 
1Prepared for Farming Systems Research Symposium, Kansas State University, November 21-23, 1982. 
 
2Program Officer, International Agricultural Development Service (IADS). 
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 It is my thesis that the major potential contribution of FSR lies in its power to perfect the state of 
the art in managing the technology innovation process in agriculture, and that FSR must be evaluated 
against that end.  For this purpose, style or process is particularly valuable.  It is my fear that we could 
miss this opportunity, exactly because we do not recognize what we are about.  This paper intends to 
explain and defend these assertions. 
 
 In the Farming Systems Approach we are dealing with a total process which can be called   
technology innovation.  Technology innovation is as old as civilization.  In fact, it may be what 
civilization is.  Only very recently, in historical perspective, have we invented social machinery with   
the explicit and specific purpose of accelerating the natural technology innovation process, if human 
endeavor can be called natural.  In almost all cases this contrived social machinery consists of a research 
entity and an extension entity.  It is to these entities we look to manage the acceleration of the process.  
Who they are and what they do to determine, country-by-country, how well we are going to perform in 
accelerating the pace of technology innovation.  Much has been learned under the general rubric of FSA 
to help us manage technology innovation. 
 
 The technology innovation process can be crudely visualized by Figure 1.  This figure attempts 
to identify the critical events of the process and to place them is some kind of sequence.  The simple 
chronology is a vast oversimplification of the sequence of these events, but it has some validity.  It 
attempts to distinguish between science and technology, it identifies four activities within technology 
development, and it indicates that some sort of sequence is important.  Although this chronology is 
oversimplified, it characterizes to a considerable extent the image many development workers have of 
the process.  This image implies that all innovations start with research, that extension performs a 
mechanical function of transmitting whatever research provides, and that the farm 
sector is something of an inert mass to be moved only by external forces. 
 
Figure 1.  The Technology Innovation Process 
 
SCIENCE                                  TECHNOLOGY 
 
Basic         Applied        Tech         Tech        Tech        Tech        Tech      Tech 
Research       Research       Develop-      Testing      Adapt-      Inte-        Dif-       Adop- 
(Pure,         (Practical)            ment                      ation        gration     fusion      tion   
Theoretical) 
          
 
 
Research (R&D)                        (Technology) Development 
 
 I am an unabashed apologist for the U.S. tradition-commonly exemplified by the Land-Grant  
College System.  That is a great pragmatic system.  It has been highly productive in serving our own  
needs.  However, we have not done our homework in conceptualizing it.  Which is to say that even 
though we did it very well, we never did really know what we were doing.  It's sort of like driving a 
modern automobile.  Very few of us know what all is happening in the functioning of today's 
automobile.  Yet we are really quite good at using it to get exactly where we want to be.  The analogy is 
a good one.  At home we are operators of machinery, in our overseas development projects we are 
literally engineers and mechanics of the social machinery that sustains the technology innovation 
process.  We are not just operators of the machinery.  We must know how to design it and tinker with it  
when it doesn't quite work right. 
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 Several mistakes are now apparent in retrospect.  One is that we did not distinguish in   
agriculture between science and technology.  The second is that we attempted to use as concepts the 
words, “research" and "extension," which in our own situation were used essentially as labels of two 
arbitrary administrative forms.  As concepts they have no power to cause problems.  The major problem 
is that they have led us to divide up the technology innovation process into clean cut, clearly marked, 
and clearly separated segments and to call one research and the other extension. 
 
 If we study this Figure 1 a little bit, we can see that on the left side are about three blocks that 
can be clearly distinguished as research.  On the right is a block that can be clearly distinguished as 
extension.  In the center are three blocks that constitute a kind of no man's land, and in retrospect we 
can see that for years we avoided it.  Our assistance efforts in research emphasized the Ph.D. and 
scientific norms.  Our efforts in extension for years were confined to the field agent.  The typical   
structure that we caused to be set up in many countries was not in our own image. 
 
 A second conceptual lapse has been our failure to distinguish between science and technology.  
Science cannot be judged on its usefulness.  There is no other way to judge technology.  Farmers use 
technology, not science.  Distinguishing between science and technology does not indicate an anti-
science bias.  This conceptual lapse also led us to ignore the middle section of the technology   
innovation process. 
 
 A third conceptual error is the lack of appreciation of the farm sector as a dynamic social system 
actively seeking better ways of doing things.  Conceptually, in the U.S. Land-Grant tradition, we have 
emphasized "resistance to change," while pragmatically we have taken great advantage of an authentic 
and powerful drive to find better ways of doing things.  Pragmatically, we used the demonstration as one 
of the most powerful extension methods.  We also identified the phenomena of the innovator and the 
early adopter.  Our research showed that most farmers learned of new technologies from other farmers.  
Conceptually, however, we did not appreciate adequately the urge to innovate, the experimental nature 
of the farmer social system.  We did not see the demonstration as a great accelerator or facilitator of the 
farmers' own experimentation process.  Pragmatically we dealt very well with the   facts, with the real 
world, but conceptualized the farmer as virtually an inert, passive mass that would only be moved 
by public agencies.  This may be a bit of an exaggeration, but it is not much.  The current T and V 
system, with its ratio of farmers to extension worker, is a powerful residue of that conceptual error. 
 
 Farming Systems Research has occupied the middle ground.  It deals with testing, with 
adaptation, and with integration.  And it replaces the simple chronology with an interaction between the 
farmer social system and the publicly supported social systems invented to help the farmer with 
technology innovation. 
 
 Figure 2 helps visualize the process a little more in accord with our needs.  Integration is an  
important concept.  Just as new knowledge (from science) must be put together with other things to   
produce a technology (something useful), that technology must be fitted in with all the other 
technologies which constitute the farming system.  There is no way research and extension can help with 
this integration into the farming system without a close interaction between the public agencies invented  
to accelerate technology innovation and the farmers who have 

-200- 



the last word on technology innovation. The only alternative to this interaction is to leave the integration 
function to the farmers, with no help from the technology innovation system. 
 
Figure  2.  Entities Involved in Technology Innovation Process 
 
           SCIENCE                                                           TECHNOLOGY 
 
                                                       Technology  Integration 
 
 Basic      Applied                                                  Technology    Technology 
Research   Research    Technology     Technology    Technology   Diffusion       Adoption 
                          Development   Testing         Adaptation 
 
 
                     Research  Service 
 
                                                      Extension  Service 
 
                                                            Farmers 
 
      Farming Systems Research has occupied the middle ground and has performed quite well.  What  
remains to be done is to fit into the structure, and that will be a tough job.  It is my anticipation that in 
the long run FSR will be evaluated on how well it achieves this next step.  As long as we have the 
research-extension structure in most countries, we are going to have to deal with it--even if dealing   
with it involves replacing it. 
 
      Two points need to be made. 
 
      1. One deals with process, specifically the distinction between research and extension.  Before 
 farming systems research, those two ends of the process were so widely separated that we never  
 had any trouble telling them apart.  They were so clearly distinguished that the process simply 
 fell apart.  The historic non-linkage between research and extension is clear evidence of this  
 separation.  One of the attributes of farming systems research is that the dividing line between  
 research and extension becomes blurred--in fact is not a line at all.  Sometimes regarded as a 
 ''problem," this may be one of the really strong points of farming systems research.  There is   
 another "blurring" that needs to take place.  We may be tempted to distinguish between so-called 
 upstream and down stream research, or between systems research and component research.  I 
 hope you don't let it happen.  If farming systems research does serve the technology innovation   
 process, the lines must stay blurred.  If that is redundancy, so be it.  Better redundancy than gaps  
 in a vital process.  If farming systems lives up to its promise it will do "Extension" at times and 
 "Component Research" at times--and maybe both at the same time. 
 
      2. The second point deals with simplicity.  In several contexts, farming systems research   
            practitioners deal with complexities.  Much of the talk that surrounds farming systems research   
            deals with complexity, noting particularly the comprehensive or holistic approach and the  
            multidisciplinary teams.  Many of our farming systems research projects 
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 are in countries where the resource constraint is exceptionally severe.  Just as farming systems 
 research must come to terms with the farmer and his resource constraints, farming systems   
 research projects must come to terms with the less developed countries and their resource  
 constraints.  Thus, we need a conceptualization of farming systems that will serve from the very  
 simplest to the most complete situation. 
 
 Stripped to its barest essentials, farming systems research is composed of two components, 
which can be thought of as the two ends of a circle.  See Figure 3. 
 
Figure 3.  The Two Ends of a Circle Concept of Farming Systems 
 
 
 
 
       [Figure missing in original] 
 
 
 
 
                                                          Farming System 
 
 
 
 
 
 At one end of the circle, the researcher knows and understands the farming system.  At the other 
end of the circle, innovations he proposes must be (a) tested in that system in which they are expected to 
perform, and (b) by the criteria of that system.  It simply is not necessary to know everything about 
that system.  You know as much about that system as is feasible with your resources.  It is likewise not 
necessary to deal with the whole system.  You deal with that system to the extent your resources will 
allow.  It is necessary that whatever you do is compatible with that system.  As someone has put it, 
"Don't violate the system."  ICTA in Guatemala is an entire research agency organized by the farming   
system style.  It deals almost exclusively with the food grains, neither with livestock nor other cash 
crops.  It is multi-disciplinary, largely to the extent that many of  its B.S. and sub-professional personnel  
have not had the opportunity to specialize.  These non-specialists are supported by specialists, but the  
group is small and does not include many specialties. 
 
 Criteria of the farming system is important.  If straw is an important product of the barley crop 
(Syria) and of the rice crop (Thailand), plant breeders must use that criterion in evaluation varieties,   
and that criterion will include palatibility and digestibility, as well as quantity.  If farmers must get 
a rice crop off to make way for mustard, varietal tests must include how well the mustard does.  Testing 
in the system by criteria of the system will broaden the scope of research.  The barley breeder concerned 
with quantity and quality of straw is dealing with the livestock component of the system. 
 
 What criteria are important, then, in evaluating FSR?  In my judgment, FSR must be evaluated 
on its demonstrated impact and its probable impact on the structure and function of the social machinery 
surrounding the technology 
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innovation process.  The process per se is an abstraction.  It can only be visualized in the mind.    
Structure and function are concrete.  There are definite entities--specific persons occupying specific 
positions in specific social systems.  Each of these social systems has access to a specific set of 
resources and is authorized to do specific things.  It is also specifically not prohibited from doing other   
specific things.  These specific entities, their resources, and their assignments constitute structure.   
These persons in the social systems are engaging themselves in specific actions and concerning 
themselves with specific thoughts.  All of these things can be observed, although in many cases not very 
easily. 
 
 The time frame of a project is too short to accomplish a definitive evaluation from observation 
alone.  It is necessary to deal with the probability of persistence, or some expectation of the future, as 
well as empirical observation of the current situation.  This state of affairs brings us to the need for 
inferences, and maybe we are beyond the margin of dependable evaluation.  Inferences are indeed 
difficult and tentative.  Yet we are forced to them.  If we do not make them systematically, they will be 
made intuitively and whimsically. 
 
 Impact on the farmer and the farm sector has two shortcomings as a criterion for evaluating an 
FSR project.  One is that the time frame of a project is almost always too short for the impact of a   
project to work itself out.  The second is that a project always involves external resources, both financial 
and monetary, and in the short run it is difficult to relate impact on farmers with the probable persistent  
impact on the social structure and function surrounding the technology innovation process. 
 
 On the other hand, impact has some advantages even if somewhat aided by external forces.   
Impact gives visibility which may be possible to convert into support.  Impact also gives host institution   
personnel a taste of success or achievement which may be useful in conditioning the total process. 
 
 If farming systems research is to be evaluated in terms of its impact on the technology innovation 
process and on the structure and function of the social systems which must support the process, then we 
can use some of the institution building concepts in evaluation.  In that system, two sets of variables are 
important--the institutional variables and the linkage variables.  There are five institutional variables--
doctrine, leadership, resources, structure, and program.  There are three important linkage variables-- 
with the farmer, with extension (and other entities needed to accomplish the mission), and with 
government.  These will be discussed separately. 
 
 Doctrine is the attitude or mentality that characterizes the personnel of all institutions or 
organizations concerned with technology innovation.  A functional doctrine will include a respect for 
farmer (or client), wisdom, and a willingness to interact with him.  It will also include a sense of service 
to the farmer, a recognition that the farmer has the last word technology innovation, and that the 
research and extension services exist solely to facilitate his work. 
 
 Leadership refers not only to those who are in authority positions, but also to those elsewhere in 
the organization who have or could have influence.  There is a limit, of course, on what a project can do 
for leadership.  Cause and effect are often in the opposite direction.  However, a successful project can 
sometimes generate a degree of self-confidence that will encourage a latent leadership ability to manifest   
itself.  The strengthening of leadership can be 
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a positive item in evaluation.  Often its absence cannot be regarded as a negative. 
 
 Resources is not a good measure of project success in the short run.  This variable is important 
with regard to project design, and the central question is whether the design is consistent with the 
resource base.  It is common for projects to be designed beyond the capacity of the host institution to   
sustain.  In the longer run, resources available to an organization may be one indicator of the efficacy   
of enabling linkages, discussed below. 
 
 Structure commonly refers to the structure of an institution.  In farming system evaluation, the    
critical factor is how the project is designed with respect to the structure of the host institution.  If it is  
designed as a separate unit, or very much apart from the host institution, the chances of its having an  
impact on the total process are quite reduced.  Such separatism shelters the project from hostile  
elements and makes for a "neat and easy" task but does not take long run institutional needs into  
consideration. 
 
 Program refers to what the institution actually does.  It is not difficult to judge what the farming 
systems effort per se does.  You have to look a little deeper to find what the institution does as a result of 
the farming systems research project.  The measure of what it does will depend on how the farming 
system effort is related organizationally to the rest of the technology innovation system.  What the 
institution does will also reflect--or can be used to reflect--how well its personnel have learned 
methodologies from the project.  It's a difficult task to separate out the contribution of the expatriate 
team from the total effort in order to identify "what the host institution does." 
 
 Linkages are another set of important products of a farming systems research project.  The most 
fundamental of these linkages are those with farmers.  In fact, linkage with farmers is almost an identity 
with farming systems research.  Unless there is no effective farming systems research.  The testing in the 
farming system is likely to be more important than the original understanding of the system.  Interaction 
with the farmer can be greatly facilitated by the on-farm (or in-the-system) testing, and especially so if 
system criteria are used.  Learning these criteria takes the researcher a long way toward understanding 
the system.  It should be recognized that "feed back" in one cycle is "feed forward" (or feed front, or pre 
feed) for the subsequent cycle. 
 
 Linkage with extension is highly important, even if it cannot be called fundamental.  There are 
many products of this linkage.  One is training of the extension worker.  The other is the multiplication   
of efforts of the researcher.  Extension in almost all cases has some personnel completely capable of  
helping out with on-farm trials, with need identification, and with result interpretation.  This 
multiplication of effort can enlarge the scope of the technology innovation, by its being tested over a 
wider range of environments than research workers could do alone.  The final product of this linkage is 
the improved chances for rapid diffusion. 
 
 Enabling linkage is the third type of linkage.  It is not inherent in the farming systems research 
concept.  Its utility comes in the chances the host institution has for survival and prosperity.  Enabling 
linkages are those with the entities of government that provide both authority and resources to the host 
institution.  Attention to these linkages needs to be built into projects.  Without authority and resources 
and the management capability to take advantage 
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of them, a farming systems research project has greatly reduced  chances for persistence.  Project 
resources can easily mask this need. 
 
 In conclusion, farming systems research in the long run is likely to be evaluated on its 
contribution to the state-of-the-art in managing the total technology innovation process.  It has the 
capability to provide some functions which are vital to the process but which are often lacking.  As a 
fad, farming systems research is in danger of being oversold, not by the professionals but by the 
enthusiasts and those looking for the single solution.  On the other hand, farming systems is being 
undersold as a vital component of a fundamental process which includes traditional or conventional 
research and extension.  Farming system research project evaluation can well be done in terms of its 
impact on research and extension institutions. 
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INTEGRATING PARTICIPANTS:  FARMING SYSTEMS LESSONS FROM HAWAII 
 

Carol J. Pierce Colfer 
Hawaii Institute of Tropical Agriculture and Human Resources 

 
 
 The purpose of this short paper is first to provide a brief description of the genesis and early 
phases of the University of Hawaii's farming systems program.  The stage is thus set for a discussion of 
our experience to date in integrating participants in farming systems teams.  The relevant aspects of   
this experience include specific steps we took in anticipation of possible interdisciplinary teams. 
 
A History 
 
 In July 1981, a five member planning group formed to decide how to implement farming systems 
into UH's College of Tropical Agriculture and Human Resources.  This interdisciplinary group   was 
fortunate to include Dr. Perry Philipp, Co-author of the recent publication Farming Systems Research 
and Development:  Guidelines for Developing Countries and an Agricultural Economist.  All members 
were intensely interested in investigating this new approach that seemed to hold so much   promise for 
making research relevant and usable by third world farmers of both sexes. 
 
 After three months of intense and lively weekly meetings, we planned a "Fall Farming Systems 
Forum" for 15 carefully chosen faculty members from 11 different disciplines.  Group members came 
from extension, research, and instruction positions; they represented all of Hawaii's counties (including   
four islands); and the male-female ration was 3:2.  We also incorporated four external resource persons 
who had been directly involved in one kind of farming systems approach or another. 
 
 That larger group met together for three full day sessions, spread out over three months.  The 
meetings were designed to acquaint group members with the concept of farming systems.  Other 
important goals included the development of at least one genuinely integrated, functioning, inter-
disciplinary team, and an assessment of the appropriateness of farming systems for the Hawaii context.  
Our final activity for the total group was a two-day, overnight retreat in a secluded area outside 
Honolulu.  During the retreat the forum group split into two action groups to plan spring   farming 
systems mini-projects. 
 
 Recognizing that a full blown farming systems project could not be undertaken in a six month 
period, the two teams decided to conduct sondeo's (Hildebrand, 1979) in two locations.  The "Sugar 
Team" focused on independent sugarcane growers on the island of Hawaii.  This project was not 
atypical for a farming systems project, having considerable potential for technological solution.  The 
"Waianae Team," which focused on families in a low-income area of Oahu who were involved in or 
interested in becoming involved in small scale food production, was more experimental, including many 
Human Resources faculty.  The team members were prepared to accept a mandate for a project that  
required community or political action, policy changes, and other non-agricultural and non-
technological "solutions." 
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 The Fall Forum series had been coordinated and orchestrated by the planning group; but with the 
implementation of the spring projects, an attempt was made to "decentralize" and put leadership re-
sponsibility with persons chosen by the groups.  The Sugar Team developed a dual leadership role with 
an agricultural economist working on the Oahu campus and an extension home economist providing 
local leadership on the island of Hawaii.  The Waianae team chose two Human Resources faculty and an 
Animal Sciences researcher to co-lead their group.  The planning group continued to play a back-
stopping, advisory role; I continued to perform a variety of support functions (distributing relevant 
reading materials, memos, phoning people, arranging talks, and sending reminders). 
 
 The two teams conducted their sondeos and wrote reports to the College administration on their 
findings and recommendations for further farming systems action.  Within the College Administration   
there had been unanimous support for continued farming systems activity, and there is considerable 
enthusiasm among team members to develop actual projects.  The effectiveness of interdisciplinary 
communication among team members has been the source of a good deal of the enthusiasm that team  
members have displayed, both informally and in our formal evaluation session in July 1982. 
 
Integrating Participants 
 
 In our farming systems activity, we had one advantage that is rare in the "real world" of farming 
systems projects:  Those faculty members whom we approached had total freedom as to whether or not 
they wanted to participate.  After our planning group had identified faculty members whose concerns 
and general approach seemed consistent with those discussed in the farming systems literature, I ap-
proached them with a brief explanation of farming systems R&D.  I asked them if they would like to 
participate, contingent on their making a commitment to continue throughout the Fall Forum and the 
spring projects.  The whole program has been organized within a philosophy that emphasizes the 
experimental nature of this kind of approach.  We have urged faculty members to evaluate the approach 
themselves to see how it contributed or does not contribute to their own research and Development/ 
extension goals. 
 
 Within this context, we conducted three specific exercises that contributed substantially to our 
success at integrating the participants.  We anticipated early on that interdisciplinary communication   
might be a significant problem, since each of the planning group members had already worked on a 
number of multidisciplinary* teams.  We therefore first consulted Dr. Ada Demb, Assistant Director of 
HITAHR, who had been trained as a management consultant and had had experience with interdisc-
iplinary groups, for advice on how best to sensitize the members of the Farming Systems Forum to the 
kinds of differences in perspective they could expect--and would have to adjust to--from their co-
participants.  She suggested using Kolb's (1971) "Individual Learning Styles Inventory," (see Appendix  
A) and administered it to the forum members at our first meeting.  She plotted the results from our group 
on a graph, so that we could see clearly the variation in learning styles that existed among us.  The graph 
has 
 
 
*Gilbert, Norman and Winch make an important distinction between "interdisciplinary" and "multi-
disciplinary":  "Multidisciplinary suggests involving several disciplines while interdisciplinary connotes 
the disciplines working together, rather than independently, in solving a specific problem" (1980:18). 
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a  concrete-abstract axis and an active-reflective axis.  Learning styles are characterized by 
accommodation, convergence, divergence, or assimilation--respective quadrants of this graph into which 
responses can fall. 
 
 We considered allocating spring project team members on the basis of these results, since the  
learning styles provide complementary advantages for a team; but ultimately we decided that enhanced  
motivation from the opportunity to self-select was more important than might be the more 
complementary intra-team learning styles.  Dr. Demb's explanation of the kinds of differences in 
learning styles identified by the instrument served to sensitize forum members--many of whom had had 
no previous exposure to cognitive research--to differences that we would all have to cope with while 
working together. 
 
 An instrument that has been used by Dr. Joe O'Reilly (another of our planning group members--
an ecological psychologist) to facilitate intra-team cooperation in another context is the Myers-Briggs 
Type Indicator.  The Myers-Briggs places respondents on four continua:  extraversion-introversion;    
sensing-intuition; thinking-feeling; and judging-perceptive.  Appendix B gives a brief summary of the 
characteristics of each type identified by this instrument.  We are seriously considering using this 
instrument as well as part of the orientation for our Tropsoils Farming Systems Team (discussed below). 
 
 The second specific technique that we employed was an exercise, planned and led by an 
anthropologist, Dr. Harold McArthur (International Program Coordinator at HITAHR, and Farming 
Systems planning group member), at our two-day retreat in January 1982.  We had already divided into 
our perspective farming systems teams.  Each team member wrote down, in a half an hour, what kinds 
of input he or she thought each other team member was likely to contribute to the project.  These 
were then read aloud, and each person had the opportunity to comment on the expectations that other  
team members had.  This served to correct inaccurate stereotypes, to broaden team members' views of 
other disciplines, and even to increase people's awareness of their own skills. 
 
 Our third technique was not so unique in farming systems R&D:  The sondeo.  This proved to be 
a very effective method for integrating participants and for dramatically illustrating the valuable input    
available from different disciplines.  Our sondeos were shorter than the prescribed length of time (only 
four days each), but as training mechanisms they were excellent.  As with the retreat, we found getting 
team members away from their offices, telephones, and day-to-day interruptions to be extremely 
valuable.  The discussions with farming families, the interaction with members of other disciplines on 
interviews, and the sharing of findings and informal discussion that continued at meals and into the night 
were invaluable in a number of ways-- not the least of which was further integrating participants into a   
working team. 
 
 Having completed the year's activity (Fall Forum and spring projects), we are now well into our  
next two activities:  Farming systems orientation for the Tropsoils Project, whose members are all here  
at this conference, and for interested members of  the County faculty on the Big Island (Hawaii).  The 
techniques discussed here will be repeated in both orientation programs with the major change being a  
shift away from theoretical discussions of farming systems as a conceptual framework into a more  
grounded approach.  We think that tying the concepts more clearly into particular contexts will further 
facilitate intra-team interaction and cooperation. 
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 The Tropsoils team will begin implementation of a five-year Soil Management CRSP project in  
West Sumatra in January, using a farming systems approach.  Members of the Hawaii County faculty  
(extension, researchers, and specialists) have expressed interest in the potential of the farming systems  
approach for solving some of their local problems.  In both cases, there are specific problems and 
actual or potential team members who can fashion their farming systems projects appropriately.  The 
diversity of roles, existing commitments, and geographical location represented in last year's group 
precluded the kind of grounding that is necessary for actual project implementation. 
 
Potentially Thorny Issues 
 
 As I have indicated, we have been generally pleased with our success in facilitating truly    
interdisciplinary collaboration to date.  However, three important issues strike me as potential   
stumbling blocks for ongoing collaborative efforts. 
 
 The first relates to the definition and perception of what is good research.  Members of our  
group come from disciplines where experimental research designs are considered essential, as well as   
from disciplines which readily accept very experiential kinds of research as legitimate.  Although there 
was general recognition and acceptance from the beginning that these differences existed and were in 
fact valuable, we found it difficult to incorporate this cognitive acceptance into our daily thinking and  
discussion. 
 
 We found, for instance, that different members of our group had different understandings of  
what the term "data" meant.  The soil scientists visualized numbers in a matrix as data; the 
anthropologists included unquantified generalizations based on repeated observations of behaviour as 
data.  Some of these differences first emerged while critiquing each others' writings.  In a similar vein, 
we learned that where the interactive aspect of farming systems is very consistent with some behavioural 
science approaches, it presents real difficulties for the preplanned research designs characteristic of 
physical and biological sciences. 
 
 There were also differences of opinion about the length of time that should be devoted to data   
collection and planning prior to beginning actual experimentation and farmer collaboration.  A person 
who expects to fill a liaison role between farmers and researchers can begin quickly.  A person who 
wants to incorporate an understanding of traditional time allocation in the community into an improved 
cropping system will need a bit longer before useful input can be provided.  Similar variations exist in 
more strictly agronomic kinds of research:  a new variety takes a while to produce; experimentation with 
a new cropping system can begin immediately. 
 
 The second important issue that emerged in our attempts to develop good team work was that of 
roles that team members were used to filling.  Some team members found the initial phases of the 
Forum, in which we were discussing the farming systems conceptual framework, extremely exciting.  
They were interested in theorizing and conceptualizing, and they saw our discussion to be directly 
relevant to their professional interests and responsibilities.  Other team members perked up only when 
we got into the specifics of how farming systems had been applied elsewhere and what particular 
contexts might be appropriate for applying or modifying the general concept.  Still others only saw its   
relevance when we got to the point of action.  These people were not excited by theory, but 
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rather by the prospect of action in community contexts.  The above three responses correlated loosely,   
in my judgement, with primary roles in instruction, research, and extension, respectively. 
 
 The last issue that emerged was a difference in people's experience and expectations about 
interacting with farming families.  Some, such as myself, were accustomed to interacting with farming 
families with the primary purpose being to understand the systems in which they were operating.  
Others, such as extension home economists, were used to approaching families with the intent to help 
them.   Still others--e.g., "bench scientists"--were entirely unused to dealing with community members 
at all.  The farming systems approach, as we have been using it, requires interaction, understanding, and 
helping.  We all needed to alter and expand on our usual behaviour toward farming family members in 
some way or another.  Explicit recognition of the expertise that existed in the group in working with 
farming families facilitated our success at sharing what we each knew and coming to recognize what we 
did not know. 
 
A Personal View 
 
 As Coordinator of these activities, I developed some opinions about how farming systems  
should be organized.  Since many of  these views are relevant for genuinely integrating participants, I  
put them forth here. 
 
 Decentralization of decision making - The enthusiasm that forum members appear to feel for   
their participation in this program derives in large part, I believe, from the fact that important decisions 
were made by the groups themselves.  Every effort was made to decentralize progressively as the groups 
became more familiar and comfortable with the farming systems approach. 
 
 Given the interdisciplinary nature of farming systems research and development, and given the  
very different conceptual frameworks, standard operating procedures, and research designs of diverse   
disciplines, I think an authoritarian, hierarchical kind of organization is inappropriate and  counter-
productive.  Such an internal team organization is furthermore inconsistent with the philosophy 
and framework of farming systems R&D itself.  Surely if we consider it worthwhile to foster farmer-
scientist collaborative decision making, we should similarly think it worthwhile to have participatory   
decision making within the team.   
 
 Reliable coordinating support - The above observation does not, however, obviate the need for 
coordination.  Someone must ultimately take responsibility for ensuring that deadlines and goals that are 
set by the group are met, in accordance with team decisions.  The many details that must be attended to 
in such joint endeavors must not "fall through cracks," and this should be one of the responsibilities of 
the coordinator. 
 
 Another important component of this role is ensuring that input from all relevant disciplines   
continues to be incorporated.  Although marginalization of input from any discipline has not been a 
problem in our activities to date, it has certainly been a consistent problem in many development 
organizations, particularly for the social sciences.  Aware of this potential problem, we structured   
formal meetings such that a variety of disciplines were represented in presentations; and we carefully 
monitored discussion that no one person or discipline monopolized the time available.  In this context, I 
was a tyrant, heartlessly cutting people off who went beyond our group-imposed time limits on 
individual comments. 
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 Team Building - Many scientists are unused to working in collaborative team contexts and are 
hesitant to participate in decision making or in joint endeavours.  This was particularly noticeable when 
we got to the report-writing phase of our activities.  One mechanism that seems silly, but I am convinced 
was powerful, in fostering team responsibility and decision making (as well as removing blame from 
any one person) was a self-conscious insistence on using the term "we" rather than "I."  This was 
particularly important when it came to written matter.  Many of our activities involved the production   
of letters, memos, reports, agendas, and so on.  I would draft such written materials based on group 
discussions and present them to one group or another for corrections, changes, improvements, and 
feedback.  Particularly with some group members, I found it a continual battle--and one that I consider 
worth fighting--to remind people that we were producing something, and that if what I had put forth was 
not what we wanted, we should change it. 
 
 A related and final issue that I consider worth mentioning here is the necessity for group 
members to be willing to forgive each other.  As most of us know, interdisciplinary communication is 
difficult and trying from time to time.  And even the most patient of people occasionally reaches the   
limits of tolerable frustration.  Most of us have gotten angry in one meeting or another.  But the 
willingness to apologize and to forgive are essential if a team is to endure and perform its chosen role. 
 
In Sum 
 
 We have completed a Fall Farming Systems Forum, two spring projects and reports (Alvarez, et.  
al. 1982; Cagauan, et. al. 1982), and are now planning the orientation for teams in two new contexts.  
HITAHR's farming systems program is proceeding and appears to be gathering momentum as we 
approach what Dr. Goro Uehara (soil scientist and farming systems planning group member) has called  
a "critical mass of farming systems enthusiasts in the College."  
 
 My own perspective is that, even in the unlikely event that nothing further should happen at 
HITAHR, our work to date has been worthwhile.  We have succeeded in bringing members of 
disciplines together who normally have no contact; we have made some progress in bridging existing  
chasms between extension and research,  Human Resources and Agriculture, and men and women in the  
College; we have gained valuable experience in working interdisciplinary; we have broadened our views  
of farming families and how to work with them; and we have made progress in understanding what  
kinds of modifications to farming systems R&D are mandated by the Hawaii situation.  Well worth the 
effort! 
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APPENDIX A 
                                                                           FORM B 

LEARNING STYLE INVENTORY 
 
Name                                                 Years of Education 
 
Occupation                                            Major Field of Study 
 
Age                     Sex 
 
  This inventory is designed to assess your method of learning. As you take the inventory, give a  
high rank to those words which best characterize the way you learn and a low rank to the words which  
are least characteristic of your learning style. 
 
 You may find it hard to choose the words that best describe your learning style because there are  
no right or wrong answers.  Different characteristics described in the inventory are equally good.  The 
aim of the inventory is to describe how you learn, not to evaluate your learning ability. 
 
Instructions:   There are nine sets of four words listed below.  Rank order each set of four words 
assigning a 4 to the word which best characterizes your learning style, a 3 to the word which next best  
characterizes your learning, a 2 to the next most characteristic word, and a 1 to the word which is least  
characteristic of you as a learner.  Be sure to assign a different rank number to each of the four words in  
each set.  Do not make ties. 
 
1.        discriminating      tentative       involved        practical  
 
2.                receptive       relevant       analytical       impartial 
 
3.         feeling       watching       thinking             doing 
 
4.         accepting       risk-taker       evaluative        aware 
 
5.         intuitive       productive       logical   questioning 
 
6.         abstract       observing       concrete   active 
 
7.         present-oriented      reflecting       future-oriented  pragmatic 
 
8.         experience      observation       conceptualize-  experimenta-  
             tion    tion 
9.         intense       reserved       rational   responsible 
------------------------------------------------------------------------------------------------------------------------- 
FOR SCORING ONLY 
 
CE                          RO                      AC                    AE 
          234578                136789            234589              136789 
 
AC-CE                                  AE-RO 
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APPENDIX  B 
ISTJ 
Serious, quiet, earn success by 
concentration and thoroughness. 
Practical, orderly, matter-of fact, 
logical, realistic and dependable. 
See to it that everything is well 
organized. Take responsibility. 
Make up their own minds as to 
what should be accomplished 
and work toward it steadily, 
regardless of protests or 
distractions. 

ISFJ 
Quiet, friendly, responsible and 
conscientious. Work devotedly 
to meet their obligations and 
serve their friends and school 
Thorough, painstaking, accurate. 
May need time to master tech- 
nical subjects, as their interests 
are usually not technical. Patient 
with detail and routine. Loyal, 
considerate, concerned with 
how other people feel. 

INFJ 
Succeed by perseverance, 
originality and desire to do 
whatever is needed or wanted. 
Put their best efforts into their 
work. Quietly forceful, con- 
scientious, concerned for others. 
Respected for their firm 
principles. Likely to be honored 
and followed for their clear 
convictions as to how best to 
serve the common good. 

INTJ 
Usually have original minds and 
great drive for their own ideas 
and purposes. In fields that appeal 
to them, they have a fine power 
to organize a job and carry it 
through with or without help. 
Skeptical, critical, independent, 
determined, often stubborn. 
Must learn to yield less important 
points in order to win the 
most important. 
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O

V
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ISTP 
Cool onlookers—quiet, reserved, 
observing and analyzing life 
with detached curiosity and 
unexpected flashes of original 
humor. Usually interested in 
impersonal principles, cause 
and effect, how and why 
mechanical things work. Exert 
themselves no more than they 
think necessary, because any 
waste of energy would be 
inefficient. 

ISFP 
Retiring, quietly friendly, sensi- 
tive, kind, modest about their 
abilities. Shun disagreements, 
do not force their opinions or 
values on others. Usually do 
not care to lead but are often 
loyal followers. Often relaxed 
about getting things done, 
because they enjoy the present 
moment and do not want to 
spoil it by undue haste or 
exertion. 

INFP 
Full of enthusiasms and loyal- 
ties, but seldom talk of these 
until they know you well. Care 
about learning, ideas, language, 
and independent projects of 
their own. Tend to undertake 
too much, then somehow get 
it done. Friendly, but often 
too absorbed in what they are 
doing to be sociable. Little 
concerned with possessions or 
physical surroundings. 

INTP 
Quiet, reserved, brilliant in 
exams, especially in theoretical 
or scientific subjects. Logical 
to the point of hair-splitting. 
Usually interested mainly in 
ideas, with little liking for 
parties or small talk. Tend to 
have sharply defined interests. 
Need to choose careers where 
some strong interest can be 
used and useful. 
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ESTP 
Matter-of-fact, do not worry or 
hurry, enjoy whatever comes 
along. Tend to like mechanical 
things and sports, with friends 
on the side. May be a bit blunt 
or insensitive. Can do math or 
science when they see the need. 
Dislike long explanations. Are 
best with real things that can 
be worked, handled, taken 
apart or put together. 

ESFP 
Outgoing, easygoing, accepting, 
friendly, enjoy everything and 
make things more fun for others 
by their enjoyment. Like sports 
and making things. Know what’s 
going on and join in eagerly. 
Find remembering facts easier 
than mastering theories. Are best 
in situations that need sound 
common sense and practical 
ability with people as well as 
with things. 

ENFP 
Warmly enthusiastic, high- 
spirited, ingenious, imaginative. 
Able to do almost anything that 
interests them. Quick with a 
solution for any difficulty and 
ready to help anyone with a 
problem. Often rely on their 
ability to improvise instead of 
preparing in advance. Can 
usually find compelling reasons 
for whatever they want. 

ENTP 
Quick, ingenious, good at many 
things. Stimulating company, 
alert and outspoken. May argue 
for fun on either side of a question. 
Resourceful in solving new 
and challenging problems, but 
may neglect routine assignments. 
Apt to turn to one new interest 
after another. Skillful in finding 
logical reasons for what they 
want. 
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ESTJ 
Practical, realistic, matter-of- 
fact, with a natural head for 
business or mechanics. Not 
interested in subjects they see 
no use for, but can apply them- 
selves when necessary. Like to 
organize and run activities. May 
make good administrators, es- 
pescially if they remember to 
consider others' feelings and 
point of view. 

ESFJ 
Warm-hearted, talkative, popular, 
conscientious, born co-operators, 
active committee members. 
Need harmony and may be 
good at creating it. Always doing 
something nice for someone. 
Work best with encouragement 
and praise. Little interest in 
abstract thinking or technical 
subjects. Main interest is in 
things that directly and visibly 
affect people's lives 

ENFJ 
Responsive and responsible. 
Generally feel real concern for 
what others think or want, and 
try to handle things with due 
regard for other people's feelings. 
Can present a proposal or 
lead a group discussion with 
ease and tact. Sociable, popular, 
active in school affairs, but put 
time enough on their studies to 
do good work. 

ENTJ 
Hearty, frank, able in studies, 
leaders in activities. Usually 
good in anything that requires 
reasoning and intelligent talk, 
such as public speaking. Are 
usually well-informed and enjoy 
adding to their fund of knowledge. 
May sometimes be more 
positive and confident than 
their experience in an area 
warrants. 
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IDENTIFYING APPROPRIATE TARGET  POPULATIONS1 
 

Patricia Garrett 
 
 
 Contemporary farming systems research has applied objectives  --  to develop and to  
disseminate appropriate technologies that increase agricultural productivity and improve the standard of  
living of smallholders.   In order to achieve these objectives, farming systems research must be able to  
distinguish among groups of smallholders, identify the specific needs of these different groups, and to  
develop technologies which represent real improvements over existing practices.  This is the general  
problem of identifying target populations. 
 
 We have begun to address this problem at Cornell in a farming systems research project which is 
funded through the Bean/Cowpea Collaborative Research Support Program.  Our collaborating  
institution in Ecuador is the Instituto Nacional de Investigaciones Agropecuarias (INIAP), which is  
responsible for agricultural research and development programs.  One aspect of  their overall activities  
concerns the development of appropriate technologies for the production of basic grains by small-
holders.  Our role is to cooperate with the smallholder-oriented programs and with the national legume 
program.  Our experience is limited, because field work just began last summer.  Nevertheless, 
we have learned some specific things which have helped us make some preliminary distinctions among  
target populations in the province where we were working. What I would like to do in this paper,  
therefore, is illustrate some general principles with Ecuadorian data. 
 
The  Importance  of  Secondary  Data 
 
 Research sites can be selected and field work focused if existing secondary data are analyzed  
before primary data are collected.  The quality of secondary data obviously varies from country to 
country, but whether data are good or bad can only be determined by comparing what published 
documents report and what one finds in the field.  Consequently, although it is fashionable to be 
prejudiced against secondary data, our experiences suggest that a great deal of valuable information can  
be found and used. 
 
Agricultural Census Data 
 
 Certainly no farming systems research program should enter the field without the prior analysis 
of agricultural census data.  The detail available to researchers will vary from country to country.  In 
general, the more detailed the data, the better field work can be focused.  The task of copying data and 
calculating percentages is tedious.  Nevertheless, we found it invaluable. 
 
 Ecuador publishes agricultural census data for the country and for each of the provinces.  In the 
library of the census office, computer printouts by county are also available.  Because we were working 
in one province, we compiled 
 
 
 
1The research on which this paper is based was supported by AID.DSAN/XII G-0261.  The opinions and 
interpretations are my own and are not necessarily shared by my colleagues at Cornell or at INIAP. 
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the data for the forty-two counties in that province.  We learned a great deal about the organization of  
agricultural production by farm size category, because the census provided data on many variables,  
including number of farms, area occupied, crops grown, animals raised, subsistence/market production,   
family/wage labor employed, mechanization, and tenancy. 
 
 These data allowed us to understand the range of variation within the province and to select the  
counties in which to interview.  One table that we used appears on the following page.  We selected the  
first county, Pimampiro, because the commercial production of beans by smallholders was important.  
The second region, San Francisco de Natabuela, was overwhelmingly small scale, family based, 
subsistence-oriented agriculture.  The next region, Cotacachi, represented the latifundio-minifundio  
complex.  Although small farms were numerous, large farms controlled most of the productive 
resources.  Finally, we selected Otavalo, a populous region which is predominantly indigenous.  Little 
was understood about agricultural production and community organization, so a special Quechua- 
speaking team worked in this area. 
 
 When we worked with agricultural census data, we maintained rather fine distinctions among  
the small sized farms.  Certainly all decision to categorize are somewhat arbitrary, especially because  
absolute farm sizes does not capture the relative production potential of lands of different quality.    
Nevertheless, this does allow one to identify the category at which the proportion of farms and the  
proportion of area become approximately equal.  Smallholders in this category are likely to benefit from  
farming systems research, and  the consequences of successful intervention are likely to be more  
equitable than efforts that benefit producers with more resources.  The same data also allow one to 
identify extremely problematic areas.  The proportion of near landless households (defined as having 
less than one hectare) in Cotacachi is alarmingly high and the resources they control extremely low.   
These sorts of observations allow one to focus subsequent field work on the more precise identification 
of groups and regions in which farming systems research has realistic possibilities of success. 
 
Maps 
 
 Field research demands good maps -- not only to prevent teams from getting lost but also to   
correct tendencies to interview only off main roads.  The latter is important because random sampling   
is extremely difficult to achieve under field conditions.  To the extent that there is a co-variation of 
geographic location and social class membership, the systematic use of maps allows a team to capture 
the  range within an area. 
 
 In Ecuador, we used three maps, all on a scale of 1:50,000.  One was produced by the census  
department, and it represented an area probability sampling frame that would be used in the future to  
monitor agricultural  production between censuses.  We tried it and decided that it did not work for our  
purposes.  We continued to use these maps, however, because they identified large farms by name and 
the roads were clearly marked. 
 
 We relied on soils maps and land use maps, which we obtained from the regional analysis   
department of the ministry of agriculture.  An agronomist with a background in geography, Charles   
Staver, superimposed and simplified the soils and land use maps.  This permitted the demarcation of 
several major zones and even the identification of large/small, irrigated/rainfed fields.  Furthermore, 
it permitted the Quechua speaking team, led by the anthropologist Paul Dillon, 
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DISTRIBUTION OF FARMS BY SIZE CATEGORY: 
THREE COUNTIES IN IMBABURA 

1974* 

 
PIMAMPIRO 

 
 

Size Category 
 

Percentage of 
All Farms 

 

 
Percentage of 

All Area 

0-0.9 H     20.5%       1.5% 
1.0-1.9 H 25.1   5.0 
2.0-3.9 H 23.1   9.9 
4.0-4.9 H 22.3 22.0 
5.0-9.9 H   5.4 12.0 
10.0-49.9 H   2.7 12.1 
50.0-199.9 H   0.8 11.5 
200+ H 
 

  0.1 25.7 

 
SAN FRANCISCO DE NATABUELA 

 
 
0-0.9 H 

 
    59.1% 

 
   19.7% 

1.0-1.9 H 20.0 20.3 
2.0-3.9 H 14.4 24.7 
4.0-4.9 H   5.8 24.5 
5.0-9.9 H   0.5   4.5 
10.0-49.9 H   -   - 
50.0-199.9 H   -   - 
200+ H 
 

  -   - 

 
COTACACHI 

 
 
0-0.9 H 

 
    57.2% 

 
      7.5% 

1.0-1.9 H 22.5   9.4 
2.0-3.9 H 13.6 11.3 
4.0-4.9 H   4.2   7.2 
5.0-9.9 H   0.7   2.6 
10.0-49.9 H   0.7   6.9 
50.0-199.9 H   0.6 20.9 
200+ H 
 

  0.4 34.5 

 
* Source:   1974 Agricultural Census, Parochia (County) data.  
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to use agronomically meaningful variations for selecting communities in Otavalo in which to interview. 
 
 The interpretation of soils and land use maps is a skill which I do not pretend to master.  One 
specific use that I see for this information is the identification of particularly fragile environments.    
Agronomic scientists might find that working in such areas is professionally challenging, but traditional 
producers are certainly more familiar with the management of delicate ecosystems.  I would  define such 
areas as off-limits until farming systems research teams had considerable, successful  experience in 
more advantaged areas.  Professionals may be motivated to pursue the challenging or the  exotic, but 
mistakes may accelerate the decomposition of peasant economies in areas where environments are 
fragile and existence precarious.  It is likely that others might disagree with what is   essentially an 
ethical evaluation. 
 
 A final, and somewhat parenthetical, comment on the use of maps.  We found out about the maps 
we used in interesting ways.  AID/E had assisted in the development of the area probability sampling   
frame.  The Agricultural and Rural Development officer told me about it, but it took four days of 
persistent effort by our Ecuadorian counterpart, Venus Arevalo, to obtain them.  The office which 
produced the soils and land use maps is located one floor above our collaborating institution.  It was a   
visiting  professor from Argentina, however, who told us the name of the person who could make the   
maps available to us.  I mention these specifics not to criticize our collaborating institution but to 
illustrate a general problem.  National institutions may be uninformed about the activities of other 
departments, and it is frequently easier for foreigners to ask stupid questions and locate elusive material. 
 
 Ecuador seemingly employs a small army of cartographers.  Other countries do not.  The 
alternative to maps is aerial photographs.  Landsat photos exist for all countries, but they are not 
sufficiently detailed for most farming systems research.  Aerial photographs exist for many countries, 
and Rhoades (1982) explains how they are used at the International Potato Center.  These are often 
available for purchase, usually through the armed forces office which is in charge of maps.  In fact, in  
countries with poorly developed state infrastructure, the local equivalent of the Instituto Geographico  
Militar is probably the best place to begin a search for good maps to use in field work. 
 
Types of Smallholders 
 
 Farming systems research is sometimes described as a program which can benefit the ''poorest   
of the poor.''  This interpretation, I believe, is fundamentally wrong.  Rather, I would argue that farming  
systems research can benefit relatively privileged smallholders more than relatively disadvantaged 
smallholders and that it can benefit landless and near landless workers, in very indirect and marginal  
ways.  Let me outline the argument, beginning with groups most likely to benefit. 
 
Small Scale Commercial Producers 
 
 If one of the objectives of farming systems research is to increase domestic availability of basic  
foodstuffs, programs directed at small scale commercial producers are most likely to produce positive  
results in a short time.  Furthermore, if farming systems research programs can also reach smallholders  
who are potentially capable of producing a marketable surplus, this can also improve 
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the domestic availability of food.  In both groups, there are also possibilities of increasing the demand  
for wage labor, provided the commercial crops are labor intensive.  If both agricultural production and   
employment can be shown to increase, a farming systems research program may win the political 
support it needs to tackle the problems of more disadvantaged producers. 
 
 Smallholders who are already or can easily become commercial producers are privileged in  
comparison to many of their rural neighbors.  Nevertheless, they are clearly not members of the same 
social class as medium or large landowners.  Much of the technology suitable for larger scale  
production can, however, be adapted to small scale.  This technology usually requires cash inputs 
to contract land preparation, to hire labor, and to purchase commodities like seeds, fertilizers, and  
pesticides.  If the farm is already involved in market production, these cash outlays are not as 
problematic as they are when cash investments are required for non-market production.  Furthermore,   
agronomists familiar with high input, "modern" farming can recognize what modifications 
would improve productivity and/or profitability.  The problem becomes less an issue of research and 
more one of extension and marketing. 
 
 These points can be illustrated by the study of Pimampiro.  Smallholders made intensive use of  
irrigation, chemicals, and labor to grow high value crops like anise, tomatoes, and beans.  The 
Cornell/INIAP teams determined that pesticide use was much too high because farmers did not know 
that the same chemicals were being marketed under different brand names.  The sole extensionist in the 
region could not compete with the real extensionists -- vendors of agricultural inputs and the 
agronomists employed by commercial firms.  A competing educational program in this region, run along 
very traditional lines, would be inexpensive.  It would have a high probability of success because these 
growers were uniformly able to quote prices for all inputs, remember market prices, and calculate   
profit. 
 
 The issue of marketing in this area is more complex.  Bean production, for example, was  
actually for export to Colombia.  Very substantial profits were realized by merchants who controlled the 
frontier and had unsavory reputations.  It would be both difficult and dangerous to challenge these 
merchants.  One could consider, however, a cooperative storehouse which used medium to high 
technology pest control methods to protect growers from market manipulation.  This is a very serious  
issue which has been relatively neglected.  There is a very substantial literature on smallholders who  
produce for international monopolies (e.g. bananas).  Smallholders producing for a competitive and   
highly volatile market, however, may be at even greater risk.  A systematic analysis of market 
organization is essential to farming systems research precisely because agriculture production occurs in 
a structural context that cannot be understood by focusing on farms alone. 
 
Smallholders Who Are "Peasants" 
 
 Smallholders who produce most of their own subsistence and sell modest surplus to buy needed  
commodities can potentially benefit greatly from farming systems research.  Increased agricultural  
production among peasant strata is likely to improve nutrition and, therefore, rural well-being.  It is not  
likely, however, to increase the market availability of food.  For that reason, research to benefit peasants  
may be vulnerable to political attack. 
 
 Peasants may actually be difficult to find in some countries.  Throughout Latin America, for  
example, there has been a profound differentiation of the 
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peasantry.  Some smallholders have accumulated capital, increased production, and entered a process of 
expanded production.  Others have moved in the opposite direction and are experiencing a process of  
disaccumulation which is sometimes called depeasantization or proletarianization.  When differentiation 
reaches an advanced stage, real peasants may be hard to find. 
 
 In the Ecuador field work, for example, we made real efforts to find peasants.  Of the hundreds 
of people we interviewed, we found only a handful.  Uniformly, they had lands distributed in more than  
one zone (vertically), produced a wide variety of crops, and had complex relationships between crop  
and animal enterprises.  Uniformly, they were linked to the market, selling modest surpluses and buying  
commodities for consumption.  A classical subsistence producer with no market relationships we never 
found.  Furthermore, we are confident that they do not exist in that province. 
 
 A farming systems orientation is the only viable approach to developing appropriate technology   
for peasants.  Nevertheless, it must be recognized that this is very demanding in professional skills.  The 
peasant enterprises we examined were extremely complex in comparison to small scale commercial 
farms.  They included crops which had never been serious objects of agronomic research, and the 
complexity of intercropping was remarkable.  The division of labor between men and women, adults and 
children was fundamental to the organization of agricultural production, as was involvement in the 
community, especially through kin networks.  Rituals and holidays, including the need for a specific 
food to celebrate important saints' days, was an important determinant of the agricultural calendar.  The 
need for a multidisciplinary approach and a multifaceted analysis is eminently clear. 
 
Near Landless Households 
 
 Farming systems research can do little to benefit near landless households.  This is especially 
true if they are concentrated in ecologically marginal regions which have experienced the accelerated 
decomposition of peasant economies.  These regions still merit study to understand the process of  
proletarianization.  Nevertheless, the possibilities for positive interventions that will make more than 
marginal improvements are objectively limited. 
 
 In the interview guide we designed at Cornell, we included questions about how agricultural  
production had changed in regions over the last twenty-five years.  This allowed informants to discuss 
long-term changes in land use patterns, irrigation systems, rotation practices, the availability of lands   
for pasture and fuel wood, resettlement patterns, and land subdivision.  These commentaries, combined 
with observation in the field, gave us an initial sense of how intense and rapid was the process of 
environmental degradation in certain areas.  We had to recognize that in at least one sub region the 
problems were beyond the ability of our collaborating institution to address. 
 
 There are some households with resource bases so inadequate that solutions to their problems of  
poverty cannot be resolved by increasing on-farm production.  Few governments care to acknowledge 
this fact in a straightforward manner because it simply raises questions about the inequitable distribution 
of land and other productive resources.  The current Chilean government has candidly stated that 
agrarian reform is complete and that approximately 25% of the agriculturally active population has 
problems which cannot be addressed by agricultural development.  This sector requires the development 
of other income generating activities. 
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 This rather cold-blooded analysis reflects reality.  Income from wage labor may be extremely 
important among small holders, especially for households which are near landless.  The implicit 
assumption of farming systems research, however, is that on-farm production is the exclusive or most  
important source of peasant income.  In cases where this is true, increased on-farm production will have  
a relatively large impact on income (in cash or in kind).  If household income derives largely from wage 
labor, however, higher wages earned in agricultural or non-agricultural work would have the greater  
overall benefit for households.  Whether one calls this strata near landless or semi-proletarian is less 
important than the ways in which their needs are different from and similar to other landed households. 
 
 Migration, short-term but especially long-term, places severe burdens on semi-proletarian 
households.  In Latin America this is mostly male migration, but in the very poorest households women 
may migrate also.  A male migrant may return home only to find heavy agricultural tasks awaiting him.   
Alternatively, his wife and children may have taken on tasks that he would have otherwise performed.  
A female migrant would find it extremely difficult to maintain animals, and the dissolution of the animal  
enterprises may destroy the only safety net the family has under its own, rather than kin, control. Finally,  
the need of one or more persons to migrate seems to increase the risk that necessary maintenance of the  
farm infrastructure -- fences, canals, tools, etc. -- will be postponed.  One hypothesis is that the failure to 
maintain infrastructure is the most critical factor in accelerating the decomposition of semi-proletarian 
households (Chaney and Lewis, 1980). 
 
 Very limited land bases make programs oriented towards crop improvement extremely 
problematic.  The difficulties are only compounded by migration.  Double cropping may be viable in 
some areas, especially if it allows people to withdraw from wage labor or return home in time to tend  
the second crop.  Double cropping may not be viable in other areas if migrants are unable or unwilling  
to return.  Whether a technologically feasible alternative is viable varies, in part, according to the 
availability of labor.  This is why it is critical to collect data on seasonal labor demands, with special  
attention to peaks and troughs and relate that to the seasonal availability of food.  A small stand of early 
maturing maize (like INIAP 101) that can be eaten on the cob when little else is mature can make a  
substantial difference at an otherwise hungry time.  Appropriate technology may fill small but important  
niches without displacing local varieties. 
 
 Systematic attention to small animals may open new possibilities.  While we were doing field 
work in Ecuador, we were struck by the importance of guinea pigs.  We found them even in the homes 
of landless workers who lived in villages.  We also found them in areas where no other animals were 
kept because of chronic problems with theft.  This can happen because guinea pigs are kept in the house, 
safe from the perils of street traffic and robbers.  Furthermore, the grasses they eat can be foraged with 
considerable ease, even by young children. 
 
 One of the Ecuadorian technicians with several years experience in this zone has developed with 
me a proposal to fund a pilot program.  It involves the loan of larger Peruvian guinea pigs; the 
construction of simple pens from locally available materials;  and the initiation of simple alfalfa trials   
to determine which of numerous available varieties will do best under on-farm conditions.  Most of 
these guinea pigs (but hopefully not the pure bred starters) will be consumed by the family.  There is 
also a market for surplus, and the 
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price of one guinea pig was approximately equal to a day's pay for male agricultural labor.  The 
proceeds of such a sale would go to the female owner and, therefore, into the budget which is spent  
principally on household maintenance (food, school fees, medical expenses, etc.). 
 
 This proposal has several features which make one believe it is appropriate even for semi-
proletarian households.  It requires no cash outlay; it is consistent with the traditional division of labor; it 
potentially allows for both subsistence and market production.  Whether we can get it funded and 
whether it actually works remain to be seen. 
 
Some Thoughts on Multidisciplinary Teams 
 
 I believe it will take time for agricultural research institutions, which are just moving off 
experiment stations, to develop the skills necessary to be effective with peasant and semi-proletarian 
house-holds.  Some interviewing may increase sensitivity and raise questions that eventually suggest 
experiments.  There is surely an important place for pre-intervention farming systems research which 
identifies researchable problems that can be pursued initially on experiment stations. 
 
 On-farm research, however, should build on institutional strengths, remain basically in line with 
technology which is ready to go on in the pipeline, and develop the capacity for innovative problem 
formulation and problem solving with smallholders.  Putting it more strongly, farming systems research 
should not be used as a justification to go slumming with peasant and semi-proletarian households, and 
to muck around with systems whose complexity is only dimly grasped.  Technicians must become 
acutely aware that the existence of many households is precarious and that mistakes can accelerate their 
decomposition. 
 
 In working with peasants and semi-proletarians, I believe there are several specific 
recommendations one might make.  Agronomic scientists, in my experience, think of plant breeding first 
when they consider how to improve cropping systems.  I believe this tendency must be tempered 
somewhat in countries like Ecuador which have very pronounced ecological variations.  In a single 
community in Otavalo, informants reported twelve varieties of maize and six varieties of beans, one of 
which (called misturiado) is actually a mixture of beans of different colors and growth patterns.  It seems 
likely that a single improved variety could supplement, but not replace completely, existing local 
varieties.  Other modifications of cropping systems might improve the productivity of local varieties. 
ICTA in Guatemala  has substantial experience in redesigning and fine tuning traditional systems, but 
many other institutions  are new to it. 
 
 Animal scientists need to be incorporated into farming systems teams, especially if the group to  
be assisted is peasant and semi-proletarian producers.  McDowell and Hildebrand's monograph (1981) 
suggests animals may be critical components in the overall organization of farming systems.  This is not 
only the interpretation of professionals.  Especially in the region of San Francisco de Natabuela, which 
is eminently small scale, subsistence oriented production, informants spoke consciously and deliberately  
about the integration of cropping and animal enterprises.  This integration required the complementary 
activities of women and men, adults and children.  Its understanding required that both men and women 
be interviewed because they were better able to report on different activities. 
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 We did not have an animal scientist involved in either the development of the interview guides  
or the conduct of field work.  Our research suffered as a consequence.  Nevertheless, we learned some  
specific things which might be relevant to others working with peasants.  The ownership of animals can 
be very complex, even inside a single household.  Specific animals may be "his," "hers," or "ours," and  
only in the case of "ours" are decisions taken by mutual agreement.  This phenomenon is often called 
"separate male and female budgets," and it may exist in crop or animal enterprises.  Who actually 
controls the enterprise is the person with whom the farming system researcher must deal.  The issue of  
control is complicated when animals are given and received in "shares."  We found several examples of 
large animals which were pastured in another's field.  The critical issue in such share arrangements was 
who controlled the manure.  Tenancy has long  been recognized as a central issue with regard to land;  
the Ecuadorian material suggests that it is also critical to understanding animal enterprises. 
 
 Sociologists and anthropologists usually have special responsibilities for considering the 
organization of the household and its integration into the community.  I believe it is advantageous if at 
least one is female.  In peasant households, the process of agricultural production and consumption is a 
cycle in which women play critical roles.  These roles can be overlooked if questioning stops at harvest.  
Primary food processing, storage, and seed selection are productive tasks, which are related to, but 
distinguishable from, household maintenance per se. 
 
 It may be possible to intervene in processing, storage, and/or seed selection, thereby improving  
food availability without modifying farming practices at all.  One specific example may illustrate the 
point.  In some regions in which we interviewed, seed selection was done very carefully by women.  
Skill was highly valued and taught mother to daughter.  The criteria used related to the appearance of the  
crop kept for seed.  Imagine that, in addition to these criteria, agronomists would help these women 
recognize and tag growing plants which exhibited resistance to prevalent diseases or pests.  Women 
could then learn a new skill, complementary to existing skills, which could improve seed selection and 
hence agricultural production.  This kind of intervention possibility is likely to be overlooked if 
agricultural production and consumption are not treated as a cycle. 
 
 Agricultural economists pose special problems of integration into teams focusing on peasants.  If 
they are trained in classical microeconomics, they have been taught to monetize all inputs into a 
production process, whether or not a cash transfer occurs.  This training is an asset for working with 
small scale commercial producers, but it is an absolute liability for understanding why peasants organize 
production as they do.  Peasants do not depreciate the hoe which was a gift from a friend; they do not 
pay family members or themselves "imputed" wages.  They do calculate whether exchanges of goods of 
labor are reciprocal; they do plan production to coincide with important events (Shaning, 1974).  Their 
decisions may be economically irrational, but they may be eminently reasonable from other 
perspectives.  As the "new home economics" has amply demonstrated, even exotic activities can be 
forced into traditional micro-economic models.  They may win their authors some notoriety, but they 
will not shed any light on why peasants believe they do what they do.  The traditional orientation of 
production economists poses no problems in dealing with small scale commercial producers.  Here the 
analyses of agricultural economists 
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and agronomists are eminently complementary.  In peasant and semi-proletarian households, however,  
the training of sociologists and anthropologists makes it easier for them to understand peasant criteria  
for decision making. 
 
 It is extremely important to understand criteria even if professionals also reinterpret these  
criteria and express them in terms relevant to their own disciplines.  Consider the controversy 
surrounding plant breeding criteria like how increased yield should be calculated -- yield per hectare, 
yield per plant, or yield per unit of seed planted.  If smallholders report that they calculate yield per unit 
of seed planted, breeders can include that criterion along with other discipline-relevant criteria in 
breeding programs.  This is one specific way that farming systems research can assist the development 
of technology which will be regarded as appropriate by smallholders. 
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GOAL CONFLICT AND INCENTIVES AMONG INSTITUTIONAL PARTICIPANTS 
 

Nancy W. Axinn 
 
 Report of small group discussion at the Farming Systems Research Symposium, KSU, 
November 23, 1982. 
 
 Most of those attending these discussion sessions had first hand experience working as a  
member of a farming systems (or related type research) research team.  In the course of the discussion, 
the following points were made. 
 
Goals 
 
     A number of parties to goal conflicts were identified, including those: 
      
     1. Within teams. 
            a)  between team members 
            b)  teams goals vs. individual goals 
 
     2. Between individuals and sponsoring institutions (i.e., departments and colleges). 
 
     3. Between U.S. team and national team in country of assignment. 
            a)  on an individual level 
            b)  on the team level 
 
     4. Between teams and national (host country) institutions.  
 
     5. Between groups committed programatically and donor agency. 
 
     6. Within one scientist, as the difficulty of establishing professional identity in FSR competes with
 other opportunities. 
 
Incentives 
 
 Some incentives for getting involved were identified.  Some of these are institutional incentives,  
rather than personal.  It was acknowledged that these incentives may also be a conflict in goals.  They 
include: 
 
     1. A pre-retirement reward (no longer effective in U.S., but may make contribution elsewhere). 
 
     2. Escape from an uncomfortable situation (personal or professional) in the U.S. 
 
     3. In a rut in present job. 
 
     4. Opportunity for travel. 
 
     5. Economically profitable. 
 
     6. Missionary spirit. 
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 There was some feeling that none of the above were really appropriate incentives, although they  
have been motivating factors in the past. 
 
 Personal incentives which could strengthen farming systems research participation include: 
 
     1. Opportunity to learn about innovations used elsewhere which can be applied in the U.S. 
 
     2. Acquisition of field experience to enhance teaching. 
 
     3. Opportunity for creative inputs into developing interdisciplinary methodology. 
 
     4. Opportunity to work closely with people from other disciplines (impact on other disciplines). 
 
     5. Opportunity to work on practical, real, important problems of an applied nature. 
 
     6. Opportunity to develop professional (and personal) linkages with institutions in other areas of the 
 world. 
 
     7. Opportunity to gain an appreciation of the capabilities of professionals of  other nationalities  
 through interaction. 
 
     8. Opportunity to expand understanding of theoretical knowledge. 
 
     9. Opportunity to reexamine beliefs, understanding and paradigms under new conditions. 
 
Resolution of Conflict 
 
 Resolution of goal conflict was briefly discussed, especially related to conflicts among U.S.  
team members.  These conflicts may prevent achievement of team goals. 
 
     1. Team building exercises were recommended by those who had been members of teams which 
 used them and those who had been members of teams which had not used them.  It was agreed 
 that an in-depth orientation was very important.  It was suggested that the team emphasis     
 undercuts self confidence, especially for new members.  Each team needs to reach a consensus of 
 what Farming Systems Research is (before going into the field). 
 
     2. Membership on teams was discussed.  It was suggested that the following are important 
 characteristics for team members: 
 
           a.   Willingness to listen to people from other disciplines. 
 
           b.   Secure in their own field. 
 
           c.   Willing to learn, take training, work in the field. 
 
           d.   Willing to share ideas, discuss, etc. 
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 One experienced team leader stated that it is important to get the right person (with above A-D 
characteristics) rather than a representative of any particular academic field, and it was important to  
include at least one woman on each team. 
 
Rewards 
 
 Much of the discussion centered on the consensus of the group that U.S. universities are not  
 presently structured in a way which can reward participants in farming systems research.  These 
 concerns included: 
 
     1. Tenure.  Professional evaluation and advancement are in conflict with institutional requirements.  
 These decisions are made in departments while FSR is across departments.  Theoretical, 
 academic versus applied and service concerns are also a factor.  The consensus was that most of   
 the universities don't reward farming systems research team members with tenure and promotion.  
 This is a serious concern, as it reduces the involvement of young professionals who are sincerely 
 interested in FSR. 
 

2. Promotion.  It was suggested that criteria for evaluation of overseas personnel for university 
promotion are lacking.  One person suggested infusing FSR with outside blood from liberal arts, 
not land-grant schools.  Department boundary maintenance vs. farming system research was 
discussed. 

 
     3. Publications.  Opportunities for publication are important for A and B above.  Publication  
 opportunities for FSR are very limited among the "juried" journals of disciplines. 
 
University Support for FSR 
 
 Several universities with policies which seemed to support FSR were identified.  In one, the 
department heads of the farming system researchers are a policy committee which commits them to 
support of those scientists.  And, these same departments have a technical advising committee of  
scientists to give support to the field. 
 
 Future symposium programs might deal with any/all aspects discussed. 
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LINKING  SCIENTIST  AND  FARMER:  RE-THINKING  EXTENSION'S  ROLE 
 

J.  Lin Compton 
Cornell University 

 
 The small landholder, limited resources farmer will be around for as long as it is necessary for 
the rural sector in the developing countries to provide the primary employment base for people.  
Increasing agricultural production through large scale, mechanized, and commercial farms can be 
disruptive of the larger national economy and polity by creating extensive rural out-migration of 
displaced farm people to already over-crowded and burdened urban centers.  Consequently, it is   
imperative that concern for increasing agricultural  production be in balance with attention to the general 
welfare and quality of life of rural people. 
 
 In this context, Extension Services face a major task of assisting the world's multitude of small 
landholders to identify, adopt, and adapt technology appropriate to location-specific soil, water, climate,  
labor, and economic conditions in order to make the small farm a viable economic unit.  These 
economic and political concerns combined with the general dynamics and persistence of the food and  
population crisis call for a greater scope, intensity, and quality of effort by Extension programs if  
farmers are to receive relevant and realistic assistance and advice on a first-hand and timely basis. 
 
 From this general background emerges the rationale for the major theme of this paper:  the use  
of a systems perspective in the analysis, design, and operation of Agricultural Extension programs in  
order to assure coherence and efficiency of effort and relevance and effectiveness of result.  Various 
aspects of Extension have been studied and reported in great detail by others.  The emphasis here will  
be on questions and issues concerning the inter-relatedness of these units and dimensions of the overall  
system.  Matters concerning agricultural research will be dealt with only as necessary to complete the  
paradigm, since research is treated in greater detail in several related papers. 
 
A Systems Perspective 
 
 It is now generally accepted that the conceptualization of Extension as a service for 
communicating the results of scientific research to farmers neglects the importance of the problem-
solving processes of education and social organization in agricultural and rural community development.  
As a result of this realization, increasing attention is being given to three related questions:  "What is  
appropriate technology?''  "How and by whom should appropriate technology for small farmers be 
determined?"  "How can farmers be best helped to learn about and properly employ this technology?"  
The following nine-cell "systems" matrix illustrates a set of relationships which will be discussed at  
greater length in pursuit of answers to these questions. 
 
                                                                          
  R E F 

 
 
Research 

             A 
IOKS 

              B 
Feed-in 

               C 
FSR2 

 
Extension 

             D 
Feed-back

              E 
Extension 

                F
Feed-down

 
Farmer 

             G 
FSR1 

              H
Feed-up 

                I 
IKS 
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 In the above, IOKS refers to the Institutionally Organized Knowledge system which is based on 
scientist-derived knowledge.  IKS refers to the Indigenous Knowledge (or farmer-derived knowledge) 
System and recognizes the gradual awareness by agricultural scientists, administrators, and educators 
that such a knowledge system does exist.  FSR refers to farming systems research wherein an effort is  
made by multi-disciplinary teams of social scientists (e.g. anthropologists, sociologists, extension  
educators, nutritionists, communications media specialists, and economists) and technical agricultural 
scientists (e.g. plant pathologists, plant breeders, soil scientists, crop scientists, and entomologists),  
along with farmers to identify and study "human - crop - animal - society - climate - soil - water"  
interactions that influence behavior and production.  FSR refers to an assessment of the reflection of 
existing farming practices in what scientists recommend.  FSR2 refers to an assessment of the extent to 
which scientists' recommendations are reflected in what farmers do.  The answers to these two obverse 
questions have very different implications.  Feed-in, feed-down, feed-up, and feed-back designate key  
points of interaction among scientists, Extension staff, and farmers.  As the title of this paper suggests, 
Extension is juxtaposed between research and farmers as a linking force. 
 
Structural Units and Functional Linkages 
 
 An analysis of agricultural systems in general would encompass scientific agriculture, 
indigenous knowledge, farming systems research, and extension education and their relationships to 
each other.  These relationships could be studied by pursuing an answer to the question of "who does 
what for whom, why, how, how well, and with what result?"  The following discussion centers on this 
question.  The traditional top-down pattern (see boxes A, B, E, F, and I) will be discussed, followed by a 
description of an atypical bottom-up pattern (Boxes I, H, E, D, and A) and a discussion of the role of  
farming systems research in this new paradigm. 
 
Agricultural Research (Box A) 
 
 An analysis of the institutionally organized knowledge system (IOKS) itself would encompass  
the nature and extent of the interactions among the international agricultural research centers, national  
agricultural research centers, and such in-country, regionally-based resource institutions as universities,  
agricultural colleges, and agricultural experiment stations (Moseman).  From an extension education 
viewpoint, a major concern is the extent to which two-way knowledge flows have been institutionalized  
within the IOKS sector so that discoveries reflect the results of research on relevant problems and are 
communicated quickly and fully to all interested scientists, Extension personnel, and farmers.  A 
Michigan State study suggests personal relationships among scientists stationed at various international   
centers are more of a determining factor in the establishment and  maintenance of interactions and 
informal resource-sharing networks than is common interest in the research problems on which these  
scientists focus.  A major set of questions, then, concerns the extent to which international center   
scientists actively solicit information or suggestions from country scientists, the extent to which they 
attempt to maintain contact with and encourage the work of country scientists, and the extent and 
value of more formal networks among scientists at all levels working on similar problems. 
 
 From a national agricultural research perspective, other questions important to farming and  
Extension operations arise.  Since the predominant pattern 
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is for Research to be a centrally controlled program with major decisions on priorities, budgets,   
staffing, and the geographic location of activities being made at the national level (Ruttan, p. 110), there 
is a need to be concerned about the selection of research problems and their short and long-range 
relevancy to local problems.  Farmers and extension staff should be incorporated into the process of   
helping to determine research priorities, especially since Extension is basically a de-centralized  
provincial or state level affair and is therefore, along with farmers, more aware of location-specific  
realities.  Under present arrangements in most countries, they are seldom involved in such research 
decision-making; this results in unnecessary social and communicative distance among  scientists, 
educators, and farmers and poor understanding of the nature, purpose, and value of the  research results 
by the latter two. 
 
Research and Extension Linkages (Box B) 
 
 Various factors have a negative effect on the transmission of information between Extension and  
Research.  Extension workers frequently see researchers as being shut up in their laboratories, giving   
little attention to social and economic factors, using obtuse language, having no commitment to the  
formation of firm opinions about their research results, and carrying out research without any  
application in mind. 
 
 Research scientists, on the other hand, see extension workers as being unwilling to trust or  
accept research findings, as being unwilling to ask research scientists for information when it is   
needed, as not helping to clarify the nature and extent of field problems which need researching, and as  
demanding immediate answers to urgent problems which, in fact, call for longer periods of time to work  
out solutions (Arnon; Elkana). 
 
 Some countries have tried to reduce these tensions by housing Research and Extension within   
one institution (see Nagel's study of India's Agricultural Universities) or administratively forcing    
integration of the functions (see Steinberg, et. al. report on Korea's ORD) in a very authoritarian but  
effective way, or by coordinating these different models through an overall council approach (Ruttan, p.   
107).  Regardless of which approach is deemed most appropriate for any particular country's socio-
cultural and political-economic conditions, the major questions remain how to interrelate 1) theory with  
practice, 2) basic research with applied or adaptive research, 3) the work of scientist with educator, and  
4) concern for production with concern for equity. 
 
Extension Programming (Box E ) 
 
 Extension is charged with the task of science simplification and transmission, of re-working  
research reports and preparing ways and means of presenting information to farmers.  Such 
characteristics of innovations as soundness, rationality, complexity, divisibility (the extent to which an  
innovation may be tried on a limited basis, a little at a time or part by part), compatibility, relative 
advantage, and communicability (Havelock, p. 8-38-8-45) should be taken into account.  Strategies for 
message delivery should be chosen on the basis of considerations of available media, personnel,  
urgency, distance, and farmers' familiarity with different media and their preparedness to receive 
certain types or levels of information.  In short, Extension must help bridge the social, cognitive, and  
geographic distance between a small group of scientists and a large farming community by selecting or  
designing methods most appropriate for particular message content and the farmers' state of readiness. 
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 Subject matter specialists (SMS) and training staff play critical roles in simplifying science and   
training extension field staff or farmer-leaders.  Most countries are still struggling to generate a 
sufficient number of highly competent SMS's and trainers to staff field stations and provide a high 
quality and intensity of input into the extension education process.  Knowledge of training strategies and  
methods, for both clientele and staff development purposes, has grown immensely in the past ten years  
(for example, see Lynton and Pareek; Havelock, 1972), but the number of those trained to implement  
this knowledge falls far short of the demand.  University and college programs are growing, 
quantitatively and qualitatively, to meet this challenge and during the next ten years considerable 
progress can be expected. 
 
 A major set of issues in extension programming revolves around decisions of whether to 
emphasize the training of selected farmers as educators of other farmers or to expand the number of 
village-level extension agents and place them on a rigid and intense schedule of visits to farmers, 
followed up by training seminars for these agents as provided by SMS's and training staff (Colle).  The 
two separate models implied (Benor; Compton, 1973) are based on very different assumptions and 
beliefs, discussion of which would go beyond the immediate focus of this paper on the overall system of 
Extension and the interrelatedness of its various structural units.  Research and evaluation studies now 
being conducted by objective scholars should help resolve these issues within the next few years. 
 
 A related issue is the selection of training strategies; there are two major alternatives:  village-
based training of farmers by extension staff, or the use of residential training centers to prepare farmer-
leaders (Mamat).  Considerations of cost-effectiveness in relation to what many developing nations can 
afford are likely to remain important for some time to come.  Farmers Training Centers with a strong 
interdisciplinary staff, complemented by a mobile staff for making follow-up field visits, can make a 
larger impact over a vast area than scattered and isolated field staff operating alone.   Training can be 
given economically and, in many cases, can be enhanced by receiving psychological and financial 
support from locally-organized farmers groups.  Such centers also provide a forum for generating new 
ideas and obtaining training inputs from agricultural colleges, universities, or research station scientists.  
This strategy can facilitate an articulation of evaluation, planning, and training processes, especially if 
participatory approaches are used which involve combined groups of farmers, field agents, SMS's, 
trainers, administrators, and researchers sitting down collectively to analyze how  well the system of 
services is operating and identifying ways and means for improvement.  This strategy also makes it 
possible to shift the focus of effort from one area or group of villages to another as changing needs and 
priorities dictate (Compton, 1977). 
 
Extension - Farmer Interface (Box F) 
 
 Analyses of the impact of the Green Revolution on farm production and rural welfare have   
revealed that positive results, however great, have been less than expected for two major reasons:  the  
technology packages were ill-suited to the resource constraints faced by the poorer farmers, and 
strategies to diffuse the new technology tended to rely upon the more progressive farmers as models for 
emulation by the others.  This "first the best" era has led us into a "now the rest" era with its strategies 
emphasizing local social organization and interest-learning groups as means of assuring that the needs 
of the poorer farmers will be addressed. 
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 There are at least three major focal points regarding farmer-Extension interface:  1) the proper 
functional role and behavioral style of the field agent, 2) the more specific mode and pattern of agent   
interaction with individual farmers and farmers' groups, and 3) the proper balance and use of a variety of 
communication and teaching techniques so as to support and reinforce learning rather than control or 
direct it.  The typical field agent today in the developing countries is young and often lacks significant 
personal experience in farming.  The typical agent may also have been the recipient of inappropriate or 
insufficient academic training to prepare him/her for effective interaction with older and practically 
experienced farmers.  The opportunities for learning on the job should be great, however, as the number 
of technical specialists and competent training staff increases, and staff development/field agent training 
becomes an integral part of a coherent systems operation. 
 
 The behavioral style of the field agent represents a topic of considerable discussion.  Cultural    
broker, gatekeeper, activator, multi-purpose worker, and many more terms have been used to describe   
the agent's role.  One conceptualization suggests that in order for an agent to be allowed by farmers to  
serve as a mediator1,  an agent must first be seen and accepted as a facilitator2 (Compton, 1972).  The   
characteristics and skills of facilitator have been studied extensively (Etling).  Extension training staff   
may need to give as much attention to helping field agents acquire or develop these skills as they   
presently give to agents' technical training. 
 
 In addition to behavioral style, there are concerns about the agent's choice of farmers with whom  
s/he will interact.  If such decisions are left entirely to the agent's discretion, more bad than good may  
well result.  Instead, there needs to be greater emphasis on the role of local farmer associations, when   
these exist, in determining the nature and frequency of interaction with the agent.  Earlier U.S. exper-
ience with local Farm Bureaus (which employed the extension agent and held him accountable for  
providing current and useful information to the farmers), combined with what we have learned about  
the effectiveness of Taiwan's farmer associations in assuring agent accountability, would suggest that  
farmers' collective voices in such matters are of critical importance.  When such associations do not   
exist, an alternative might be the formation of farmer learning groups based on common interests.  The 
groups themselves would select various members for specific kinds of interaction with extension agents   
or trainers.  The key principle here is to somehow guarantee that some farmers will not be excluded  
from the educational process because of low socio-economic status. 
 
 Farmers typically differentiate and acknowledge which ones among them are particularly skill-
ful or successful with specific crops, animals, or farming practices.  This fact should be capitalized upon 
by Extension, not for the purpose of helping the successful simply to become more successful, but in 
order to mobilize and utilize such indigenous talent to benefit the group or community as a whole 
(Compton, 1973; Compton, 1979).  This strategy has been 
 
 
 
1One who encodes messages from one source and then decodes or translates them so that they can be  
understood by a target audience, usually in a two-way formulation. 
 
2One who has the best interests of the clientele in mind, and who possesses interpersonal skills basic to  
encouraging clients toward self-improvement. 
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successfully employed and in such a way that various interest-learning group members are selected by  
their peers to receive training related to some specific aspect of the group's topic. For instance, a 
member of a group on field crops is selected to receive training in seed selection, while another member 
receives training in insect control, and another in disease control.  To reap the ultimate benefit of each 
other's learning, they are compelled by necessity and peer pressure to share what they learned through 
their separate training sessions (Compton, 1977). 
 
 The role of communications media in such a scheme as the one just described must become a  
supporting role, not one aimed at initiating or catalyzing farmers' thinking.  Why?  The answer involves 
factors of power and manipulation on the one hand and sound learning theory and practice on the other.  
It is now generally accepted that for learning and behavioral change to take place effectively and in 
directions conducive to the common good, adult learners must plan an active role in defining the nature  
of their own reality and in determining the steps they should take to deal with it.  This internalization 
process results in the motivations which are so necessary to sustain human action upon a "problem" or 
need.  This process is best promoted through dialogue.  Unfortunately, most extension work in the past 
and even today tends to employ communication approaches which inhibit dialogue and critical thinking. 
 
 Sociologists have pointed out the critical role played by those persons who occupy positions in  
which decisions are made about what information is to be transmitted to whom, when, and in what 
manner.  Power to manipulate and control the flow of information is power to control the development 
of knowledge itself.  Communication strategies and methods need to be used which promote dialogue 
and which can be used to provide positive responsive support to decisions reached through dialogue.  
Extension as an educational process must have two-way communication or dialogue as its central thesis  
(see Freire's treatise "Extension vs. Communication'' -- an unfortunately misleading title because it  
suggests that Extension personnel do not allow dialogue or two-way communication to take place when,  
in fact, those who see themselves as Extension "educators" do this, and information specialists do not.   
Fortunately, the message contained in the text itself exonerates extension educators who do not fall into 
the semantic trap of simply extending information). 
 
 One underutilized communication strategy in extension work is the use of folk media to promote 
awareness and stimulate interest in development topics, themes or issues.  Such media can be and have 
been used successfully for this purpose and, in turn, have been themselves strengthened (Compton, 
1980).  Drama, debate, poetry, and lyrics embellished with music and dance attract and hold attention 
while also providing an opportunity for local participation in preparing and presenting an entertaining 
and educational experience. 
 
Indigenous Knowledge Systems (Box I) 
 
 Decisions to adopt or reject a new agricultural innovation are strongly influenced by, among 
other things, the knowledge, skills, values, and belief systems of farmers.  Farmers typically step back 
away from interactive situations with "outsider" change agents, and dialogue among themselves before 
adopting or rejecting an innovation.  Such farmers have communication networks among themselves 
which are based on interpersonal relationships and which become relatively stable and predictive of   
behavior (Rogers, 1981).  The fact that farmers have an indigenous knowledge system and communica-
tive structures through 
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which it is tested, developed, and spread suggests that extension workers might do well to learn about,  
from, and through such systems and structures, both for the inherent value in such knowledge itself and  
because mutual-awareness of it by agent and farmer can promote meaningful dialogue. 
 
 Along with the emerging awareness and appreciation of the existence of indigenous knowledge 
systems have come questions of what can be learned from the farmer, how, and how this can be used in  
agricultural development programs (Brokensha, et. al., 1980).  An increasing number of studies have 
documented farmer knowledge of such ecological and environmental factors as microclimate conditions,   
rainfall patterns, water levels, water retention capabilities of soils, what plants will grow in which type  
of soil, and soil responsiveness to fertilizers and manure.  Farmer classification systems for soils and   
plants have been found to be comprehensive, logical, and useful.  Farmer knowledge of such matters as  
mixed cropping patterns, the best times to plant, and ways of controlling or eliminating plant and animal   
diseases has been incorporated by scientists into their own work.  It has even been suggested that both 
farmers and scientists be seen as professionals and encouraged to learn from each other (Chambers,  
1980). 
 
Learning from the Farmer (Box H) 
 
 Extension field staff, numerous, widespread across the countryside, and in daily contact with   
farmers are in an ideal position to monitor and access indigenous knowledge.  Unfortunately, few  
agents receive training which would prepare them with the proper set of skills and attitudes for learning  
from the farmers.  Warren (1979, p. 117) has stated the challenge well: 
 
 A humanistically-oriented applied anthropology must be based on a knowledge of indigenous  
 epistemological systems and social organization, a conscious effort to define problems from the  
 indigenous viewpoint and hence the establishment of local involvement in change programs  
 from their onset.  It must also be concerned both with the ethics and values of the local    

population and with those upon which the external change agent operates in attempting to design  
a program of implemented change.  This approach involves the role of the change agent as a 

 communications facilitator between local populations and national and international agencies 
 and provides the local population with an opportunity to increase the available options for 
 change, thus enhancing its freedom of choice. 
 
 Extension agents should be taught the skills of active listening and observation, how to conduct  
guided  interviews,  to  keep journals and diaries, how to make use of games, pictures, contrived devices  
for stimulating exchange and eliciting information and perspective from farmers, and the tactic of  
engaging in joint agronomic ventures with farmers in order to learn on the job. 
 
Accumulating, Processing, Articulating Farmer Knowledge (Box E) 
 
 Ideally, extension field staff reports of farmer innovations and knowledge would be followed up  
by a Subject Matter Specialist for IKS.  Such as SMS, specializing in the methodology of eliciting IKS  
and charged with responsibility for cataloging and storing it and preparing it for communication to  
relevant research scientists, would be stationed within each province, state, or training center.  This 
accumulated, documented knowledge could also be made 
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use of during training seminars.  Scientists, trainers, SMS's, and field agents could learn from this store  
of farmer knowledge, and farmers could learn from the experience of other farmers living on the other  
side of a province. 
 
Sharing IKS with Scientists (Box D) 
 
 In the conceptualization of a bottom-up pattern described thus far, new and projected interactions 
are being suggested.  The suggestion that scientists can and should be helped by extension  personnel to 
learn and appreciate farmer knowledge may sound strange and foreign.  And yet the reality  of 
scientist/extension staff ratios dictates that scientists be made aware of knowledge and insights  gained 
by extension personnel through their daily contact with farmers, a luxury which any country's  handful 
of scientists does not have.  Existing status differentials and bureaucratic separation of scientists  and 
extension workers, however, serve to block significant interaction of the type and for the purpose  being 
depicted.  This, in effect, represents a major programming hurdle to be overcome in the years ahead. 
 
Re-thinking Research Priorities Box A) 
 
 Scientist awareness of IKS and their understanding of traditional practices of farmers should be 
seen as a prerequisite to decision-making regarding the priorities of research to be conducted by the 
scientists.   The knowledge gains to be made and the human relationships to be strengthened by 
dialoging with experienced extension field staff and SMS's about IKS far outweighed the effort that 
might initially have to be expended to establish such dialogue. 
 
A Mutual Learning Transaction (Boxes C and G) 
 
 Scientists need to spend a certain amount of time in direct interaction with farmers and farming 
systems situations.  Because of the complex, multifaceted nature of many farming situations, there is a  
need for teams of scientists representing different disciplines to cooperatively study, analyze, and reach  
conclusions about ways of helping small farmers better cope with the existing constraints to production   
(Gilbert, et. al.; Harwood).  Obviously, farmers and selected extension staff should be part of such  
teams, farmers because of their potential for contributing to the team's understanding of a problem and  
Extension because of the desire to assure a speedy and effective dissemination and utilization of 
resulting knowledge gains to benefit other farmers. 
 
 As a summary to the broad outline that has been sketched thus far in this paper, we can expand  
the initial nine-cell matrix to encompass the important aspects of the preceding detailed discussion. 
 
Discussion Questions 
 
 1.   Who are better teachers of farmers:  extension agents or other farmers? 
 
 2.   What is an indigenous knowledge system (IKS)?  What are the sources of IKS?  Of what   
        value is outsider awareness of indigenous knowledge in the design of development projects         
        and educational programs?  How can IKS best be studied, processed, and utilized to promote  
        development? 
 
       3.   What are the advantages and disadvantages of residential training centers and village-based      
        training  schemes? 
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 4.   How can existing gaps between Research and Extension be bridged? 
 
 5.   How would you respond to a statement that "Extension has nothing to extend?"  Does this     
       question reflect the true nature and purpose of Extension Education's role in development? 
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ORGANIZATIONAL DEFICIENCIES OF TECHNICAL ASSISTANCE PROJECTS 
INCLUDING FSR/E:  POINTS OF DEPARTURE FOR DISCUSSION1 

 
Frank S.  Conklin2 

 
 
 All field methodologies, including FSR/E, require an operational delivery system.  The 
management of such delivery systems is becoming recognized as an important, if not crucial, element of 
many technical assistance projects.  Management issues loom large because of marked differences 
between the participants (host country, donor, and contractor) in technical, administrative, social, 
cultural, and economic perspectives associated with institution building of agricultural technical 
assistance.  A number of issues are listed here which typify management problems of implementing 
technical assistance projects. They are not unique to a particular country, donor, or contractor.  Neither 
are they exhaustive.  Rather, they are presented as a means for initiating needed dialogue to identify, 
address, and resolve such issues in time.  The list was prepared from several sources, including the new 
book by Moris which focuses specifically upon administration of technical assistance projects overseas 
and experiences of this author as an end of project evaluator.  Topics are separated into categories.  Most 
issues are presented in a normative fashion to stimulate discussion.  As there are more topics than time 
available for discussion, please identify those two or three topics which you feel are most important for 
discussion. 
 
Technical Assistance of FSR/E 
 
     1. Topic:  FSR/E requires a multi-disciplinary approach with an international orientation. 
 
 Comment:  The faculty reward and incentive mechanism at U.S. universities is geared to 
 domestic disciplinary work.  The mechanism will have to be altered if long-term high quality 
 expertise to focus upon needs of the LIC's is to be fostered (Gilbert, pp. 35-37). 
 
     2. Topic:  The institution-building aspects of technical assistance promotes and employs capital 
 intensive technology. 
 
 Comment:  A change in donor and university contractor perspective will be required before scale 
 and type of technology being introduced are suitable both for LIC farmers and host country  
 institutions. 
 
Host Country 
 

1. Topic:  The very institutions we must work with in LIC's often are unstable and lack technical  
 and administrative capability in agriculture. 

 
 
 
1Prepared as a discussion document for the Farming Systems Research Symposium, Kansas State  
University, November 21-23, 1982. 
 
2Professor of Agricultural and Resource Economics, Oregon State University, and former CID   
Scholar/Deputy Director, Tucson, Arizona. 
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   Comment:  The situation imposes far greater administrative demands upon technical assistance 
 teams than has been realized in the past. 
 

2. Topic:  Host countries face severe capital and personnel shortage for managing their matching  
share of the projects. 

 
 Comment:  Donors typically overload the limited capacity of host countries.  The result usually   
 is proliferation of parastatals which operate autonomously until donor monies terminate then die  
 out from lack of local funds, superficial shuffling of monies to appear that something is being  
 done by the host country, or a failure of the host country to meet the level of matching money 
 specified by over committing existing personnel  many  times  over. 
 

3. Topic:  The governments of many LIC's have little, if any, concern about the agricultural sector  
of their country. 

 
 Comment:  Grass roots development of small farmer organizations is important to generate an  
 agricultural power base in providing a voice at the federal level for supporting the agricultural   
 sector and to supply paraprofessionals at the farm and village level for technology testing and  
 modification and prevent further alienation of the farm population. 
 
Donor 
 

1. Topic:  Conditions precedent clauses of host country agreements involving host country 
contribution often are not enforced. 

 
 Comment:  The consequence is postponement of fiscal responsibility on the part of the host  
 country until principal and interest payments fall due on the loans and a collapse of the fragile  
 institutional structure fostered by the contractor. 
 

2. Topic:  Donor agencies have not incorporated productivity criteria into monitoring of project  
performance and evaluation. 

 
 Comment:  Donors, to date, have focused upon volume of capital through-put per unit time and  
 contractor output levels rather than impact. 
 
Contractor 
 

1. Topic:  U.S. training of foreign students, as currently employed, does not meet the needs of  
LIC's. 

 
 Comment:  U.S. training continues in the tradition of specialization which fosters an "elitist"   
 and irrelevant cadre of professionals which, when they return home, become part of a self-
 serving and self-perpetuating system. 
 
      2. Topic:  Land grant universities are poor in training personnel for management positions in 
 agriculture.  The case of best technicians becoming poor department heads exemplifies the case.   
 The situation is worse for chiefs of party on technical assistance contracts. 
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     Comment:  Formal management training is needed for COP's, technicians, and host country  
 technician counterparts who are being trained in the U.S. The type of training needs to be  
 focused upon the specialized conditions for dealing with technical assistance on each specific 
 project. 
 
     3. Topic:  A projects' technical field team, as the contract implementing unit, is ill-equipped to  
 serve as an effective design unit. 
 
     Comment:  A definitive plan of work should be included in a project's contract document to  
 minimize the requirement of project planning by the technical field team. 
 
     4. Topic:  Lack of administrative competence of chiefs of party of projects is all too often a major   
 contributor to serious project problems. 
 
 Comment:  Require management skills for COP's to be on a par with technical skills. 
 
     5. Topic:  It is rare for the ministry of agriculture in a host country to have much political clout. 
 
     Comment:  Contractors on technical assistance contracts need to work closely with that ministry  
 in a host country which controls the budget for agriculture so as to (1) highlight the importance   
 of agricultural research/extension to the economy, and (2) establish mechanisms for improving   
 the delivery system of projects which serve agriculture. 
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EVALUATING THE  IMPACT OF FARMING SYSTEMS 
RESEARCH  AND  DEVELOPMENT  PROJECTS – A  NEGLECTED  ISSUE1 

 
R. H. Bernsten2 

 
 
Introduction 
 
 In most developing countries, a substantial share of the agricultural output is produced by   
limited resource farm families.  Typically these units rely heavily on family owned resources to raise a  
wide variety of crop and livestock products for home consumption and cash sales.  Household 
production and consumption decisions are influenced by environmental factors, sociocultural values, the  
family's resource endowment, and existing institutions. 
 
 The farming systems research and development approach (FSRD) focuses on developing new 
technology to meet the needs of these households.  FSR&D projects are built upon the premise that the  
multiplicity of factors affecting farmers' production and consumption decisions must be taken into 
account in the research and development process.  This is achieved by scientists involving farmers not   
only in identifying constraints, but also in designing, testing, and evaluating potential technologies to  
break these constraints.  Where it is determined that factors beyond the producers' control such as the 
non-availability of inputs, shortage of credit, or market imperfections prevent adoption, actions are  
taken to affect appropriate policy decisions to remove these constraints. 
 
 Increasingly, resources earmarked to accelerate international agricultural development are being   
allocated to support research activities that are described as following a farming systems research and 
development approach.  In four international agricultural research centers with long-established 
programs, 3 the FSR&D budget rose from $3.8 million in 1975 to $8.2 million in 1980 (CGIAR/TAC,   
1978).  An increasing proportion of United States Agency for International Development (USAID)   
funds is being allocated to support research activities, rising from $84.7 million in 1978 to $143.7  
million in 1981 (Crawford, 1982).  While it is difficult to determine the share of these funds supporting 
FSR&D, a review of 1983 Country Development Strategy Statements indicated that 24 country missions 
expressed an interest in this approach (McDermott, 1981 in Crawford, 1982).  The International 
Research and Development Center (IDRC), an early supporter of FSR&D, allocated $14.5 million to 
crop and cropping systems activities in 1981-82--the largest portion of their agriculture, food, and 
nutrition science budget (IRDC, 1982).  Among the six World Bank supported national agricultural 
research and extension projects approved in fiscal year 1979, all included FSR&D as a component, 
compared to only one of 
 
 
1Paper prepared for the Farming Systems Research Symposium, Kansas State University, November  
21-23, 1982, revised. 
 
2Agricultural Economist, Winrock International, Rt. 3, Morrilton, Arkansas, 72110, U.S.A. 
 
3The International Center for Tropical Agriculture, the International Rice Research Institute, the Inter-
national Center for Research in the Semi-Arid Tropics, and the International Institute for Tropical   
Agriculture. 
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five projects approved during the period FY 1971-76 (World Bank, 1980).  Significant increases in  
FSR&D activities have also occurred in national programs, such as in Indonesia where the Central  
Research Institute for Food Crops managed 25 FSR&D field sites in 1981, compared to 2 in 1975  
(McIntosh and Effendi, 1981). 
 
 The current interest in FSR&D has grown out of a valid concern that previous strategies have  
often failed to have the anticipated impact on agricultural development in the third world.  In fact, 
FSR&D methodology  explicitly attempts to take into account the failings of previous efforts to develop  
a strategy that more efficiently focuses research on finding solutions to problems facing small farmers.  
At the same time, it is premature to embrace FSR&D as a panacea. 
 
 While the farming systems approach promises to better align research with the needs of small  
 farmers in many areas, there is yet insufficient on-the-ground experience with it to determine 
 how  useful and cost effective it will be, and what its ultimate role will become.  Moreover, 
 FSR&D is not on either/or proposition.  FSR complements, but does not replace more traditional 
 discipline-oriented research.  (Crawford, 1982). 
 
 Precisely because the FSR&D approach is being widely promoted in advance of significant  
evidence as to its effectiveness, there is a need to build an evaluation component into all ongoing 
FSR&D programs.  The primary purpose of these efforts should be to gather information that will enable  
program staff to identify strategies for increasing the impact and cost effectiveness of FSR&D.  If we  
fail to critically evaluate our FSR&D experience and learn from this, we will forsake the opportunity to   
make a significant contribution to development. 
 
 This paper 1) reviews the methodology of evaluation research, 2) highlights approaches that  
have been used to evaluate agricultural research activities overseas, and 3) outlines minimum evaluation  
needs in FSR&D programs.  It is hoped that this overview will motivate scientists involved in FSR&D 
to further explore this topic in order to develop a capacity to build an evaluation component into existing   
and future projects. 
 
Evaluation Research -- Overview4 
 
 The evaluation research movement as a discipline is only about 15 years old.  Increased   
attention is being paid to this subject because as resources become scarce, there is an increasing need to 
allocate those resources to the highest impact areas.  "Social institutions whether medical, educational, 
religious, economic, or political are being required to provide proof of their legitimacy and effectiveness   
in order to justify society's continued support'' (Suchman, 1967). 
 
Purpose 
 
 The purpose of evaluation research is to determine the results of an activity designed to  
accomplish some valued goal or objective (Suchman, 1967).  Evaluation studies provide a basis for  
assessing the effectiveness of a project. 
 
 
4This section summarizes concepts found primarily in (Hoole, 1978) and (Weiss, 1972). 
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Results of these studies can be used by policy makers to make decisions about future funding, by  
project administrators to identify components that require strengthening, and by field staff to assess the  
effectiveness of specific activities. 
 
 Attempts to develop a formal methodology recognize the need to make the judging process both   
accurate and objective by following the scientific method.  Evaluation studies should aim at achieving   
a high level of reliability and validity.  Reliability focuses on procedures that increase the likelihood   
that we accurately measure the phenomena of interest so that no matter who does the study, similar  
conclusions will be reached.  Validity deals with the degree to which we actually measure what we  
think we are measuring. 
 
Staffing 
 
 Evaluation studies may be conducted by individuals associated with the program or by outside  
personnel.  In-house evaluations are likely to meet less resistance from program staff and may be more 
accurate because these people are most knowledgeable about the program.  On the other hand, in-house   
evaluations may give biased results due to the tendency of staff to selectively collect data to show that  
the project is effective.  Also, unless individuals assigned to the evaluation are knowledgeable about  
possible methodological pitfalls, an in-house study will not adequately control for extraneous effects   
that make it difficult to distinguish program impact from other influences.  As each evaluation situation  
is unique, the advantages and disadvantages of alternative staffing arrangements will have to be weighed   
and a decision made for each specific study.  In many instances, a team of both local and external   
participants will be most appropriate. 
 
Types of Studies 
 
 Evaluation studies conducted during the life of the program are referred to as formative studies.   
Evaluations conducted after the program is completed are known as summative studies.  While the   
implementation activities are influenced by the time horizon being considered, the same basic   
evaluation principles apply to both formative and summative studies. 
 
Sponsorship 
 
 Before implementing an evaluation study, it is important to first determine who is interested in   
the results.  Possible constituents may include policy makers, donors, administrators, and program staff.   
Generally, the specific focus of the evaluation will depend on the needs of the sponsor. 
 
Identifying Program Goals and Indicators of Achievement 
 
 Programs vary in terms of breadth of focus, size, duration, complexity, and degree to which   
impacts can be accurately anticipated.  In theory, program goals should have been defined as a part of 
the original planning process.  If this has been done adequately, the evaluation study attempts to measure  
the success of  the program in meeting these goals.  In reality, goals are often vaguely expressed.  In   
such instances, it will be necessary to first obtain agreement as to program goals before the evaluation 
study can be implemented. 
 
 To evaluate success in achieving goals, these general statements must be first translated into  
concrete indicators of achievement that can be measured. 
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This is done by framing goal statements as impact hypotheses which show the relationship between the 
program and an indicator of some change in behavior or condition.  As was the case with goals, 
indicators of achievement should have been identified in the original program plan.  For example, if a  
program goal is to reduce soil erosion in a watershed, this program impact could be measured in terms  
of the siltation level in the river flowing out of the watershed, before and after the program.  If specific   
indicators were not identified previously, it will be necessary to establish relevant indicators before the  
program can be evaluated. 
 
Types of Rival Hypotheses 
 
 For each impact hypothesis, there will be several rival hypotheses which may explain the  
anticipated impact.  Cook and Campbell (1963) have identified thirty-five rival hypotheses and have  
classified them into four categories dealing with: 
 
 Internal validity.  Are there factors that raise doubts whether the hypothesized causal  
relationship between the indicator of achievement and the program actually exist in the circumstances  
examined?  For example, could the observed impacts be the results of such factors as other events 
occurring at the same time, secular trends, biased selection of the test group, the way in which 
the impact variables were measured, or losses of cases from the two groups? 
 
 Statistical conclusion validity.  Could the incorrect use of statistical techniques explain the   
conclusions?  For example, have the conclusions resulted from using too small a sample size,  
inappropriate levels of significance, or measures of achievement that were unreliable? 
 
 External validity.  Can the observed impacts of the program be expected to be the same at a  
future point in time, at a different location, or when different individuals are involved?  For example,  
can you generalize to other situations where the types of respondents and treatments are not identical or 
to the future since the past and future are not identical? 
 
 Construct validity.  Can you generalize from operational measures to theoretical constructs?  For   
example, do the operational measures developed to evaluate the constructs adequately represent the   
process, have the respondents given biased answers to please or mislead the research, or was data 
selectively collected to fill the expectations of the valuators? 
 
  When there is strong empirical evidence that repudiates all rival hypotheses, it is possible to  
conclude that the program is responsible for the observed changes. 
 
Types of Evaluation Designs 
 
 Choosing an appropriate evaluation design is a critical decision in evaluation research.  Design   
selection must consider the program goals, indicators of achievement to be measured, impact and rival  
hypotheses, available data, and the advantages and disadvantages of alternative design.  The goal is to  
select an evaluation design that by controlling for exogenous effects (rival hypotheses), allows the re-
searcher to conclude that the program goals have been achieved as a consequence of the program and  
are not the result of alternative phenomena.  The three basic types of designs used to control for internal  
validity type 

-248- 



rival explanation are experimental,  quasi-experimental, and non-experimental.  Rival hypotheses of   
the statistical conclusion, external validity, and construct validity type are controlled through  
refinements of  the basic evaluation designs described below. 
 
 Experimental designs.  These designs require that a random sample of respondents is selected 
from the target population with a subset randomly designated as program participants and a subset  
excluded as controls.  Data is collected with respect to the indicator of achievement variables from each 
group before the program is started  and  after  it  is  completed.  Experimental designs provide the 
greatest confidence in the validity of the assessment’s conclusions, but must be built  into the program  
from the beginning and may be difficult to implement. 
 
 Quasi-experimental designs.  These designs generally provide less control of exogenous rival  
hypotheses than experimental designs.  While experimental designs are more rigorous, quasi- 
experimental designs are more practical to implement.  Furthermore, by assessing the possible rival   
hypotheses that could invalidate the conclusions while planning evaluation studies, the researcher 
can build into the quasi-experimental model modifications that will allow rejection of these alternative  
conclusions (Campbell and Stanley, 1963).  Three types of quasi-experimental designs ordered in terms 
of their increasing power to support causal impact relationships are the: 
 
      1. One group, multiple time series design--Data to measure achievement is collected from only  
 the treated group at several points in time--usually before, during, and after the program is   
 implemented.  Generally, the longer the time period over which an impact can be observed, 
   the stronger the evidence that the program was effective. 
 
      2. Treated and untreated non-equivalent control, pretest and post-test design--In this model,  
 information to measure achievement is gathered from program participants and non-participants  
 at two points in time -- before and after program implementation.  These two groups are   
            considered non-equivalent because individuals were not randomly assigned to each group. 
 
      3. Treated and untreated non-equivalent control, multiple time series design--This design is  similar   
            to (2), but incorporates observations on both groups before, one or more times during,  and  
            after program implementation.  Consequently, it is the most powerful quasi-experimental  
            design. 
 
 Non-experimental designs.  These are usually chosen as a last resort since they control for fewer 
of the rival hypotheses which could explain program impact than do experimental and quasi- 
experimental design.  Yet if carefully undertaken, evaluations using these designs can provide insights  
into program impact and are particularly appropriate strategies for preliminary evaluation of ongoing   
projects.  Three types of non-experimental design are the: 
 
      1. One group, post-test only design--Information is only collected on the conditions that exist  
 after the program has been completed.  No formal attempt is made to assess the program  
 situation. 
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      2.  Treated and untreated non-equivalent control, post-test only design -- Data to assess program 
 impact is collected after the program is completed.  In addition to program participants, a sample 
 of similar non-program participants is selected as a control against which the program's impact 
 on participants is compared. 
 
      3. One group, pre-and post-test only design--Data on the agreed upon program achievement  
 indicators are collected at two points in time--generally before and after the program is   
 implemented.  If baseline data was not originally recorded, proxy measure for the before 
 situation, such as recall estimates from participants, may be used with caution. 
 
Data Collection 
 
 The data to be collected will be suggested by the hypotheses to be tested.  The researcher must   
be resourceful and consider all possible sources of information, including persons knowledgeable about 
the program, program participants, records maintained by the staff, reports completed, site visits to 
observe concrete developments, and government statistics. 
 
Analysis 
 
  Once data has been collected, it must be assembled, analyzed, and interpreted in a meaningful  
way.  In addition to assessing the degree to which program goals were achieved, it should incorporate  
the evaluator's observations as to factors that contributed to the success, obstacles incurred, ways in  
which the project could have more effectively achieved program goals, and similar insights.  Finally,  
the report should explicitly identify data problems or other factors that could influence the confidence  
the evaluator has in the conclusions reached. 
 
Policy Process 
 
 Results from evaluation assessments should be considered as one of many sources of inform-
ation about a program's effectiveness.  If properly executed, these results should provide an objective 
evaluation of the program's impact and a basis for decisions about future program implementation.  
Evaluation studies are frequently resisted by individuals associated with a program out of a fear that the 
assessment will produce threatening results.  In anticipation of this response, it is important that the 
evaluation has the support of the administrative structure, the purpose and methods   are clearly outlined 
from the start, and program staff is provided an opportunity to participate in the evaluation team or at a 
minimum, a sincere effort is made to solicit their observations regarding program impact. 
 
Highlights of Recent Evaluation Studies 
 
 Numerous efforts have been made to evaluate the impact of research activities in general and   
farming systems research and development specifically.  A selection of recent and ongoing studies are 
reviewed to illustrate the diversity in approaches followed.  In addition, these studies provide examples   
of how evaluation research theory has been applied in practice.  Finally, aspects of these studies that    
are particularly relevant for institutionalizing evaluation in FSR&D programs are highlighted. 
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Stripe Review (CGIAR) 
 
 In 1978, the Consultative Group for International Agricultural Research Technical Advisory  
Committee conducted a review of farming systems research and development at International  
Agricultural Research Centers (CGIAR/TAC, 1978).  The review was limited to established crop-
oriented FSR&D program at the International Institute for Tropical Agriculture, International Centers 
for Research in the Semi-Arid Tropics, the International Rice Research Institute, and the International   
Center for Tropical Agriculture.  Activities included a review of program documentation, visits to each  
center, and a workshop held in February, 1978 to discuss findings and to prepare a draft report.  Terms 
of reference included reviewing the objectives and scope of FSR&D activities, relationship between  
centers and off-campus activities and methodological issues. 
 
 The study is a useful review of these programs and important issues in FSR&D, but devotes  
only one page to "criteria for assessment" and includes almost no quantitative data on impact.  The 
report suggests adoption of new technology and methodology by national institutions is one logical   
criterion for assessing centers' FSR&D programs, including such factors as potential impact of  
developed systems, degree of adoption, impact on the organization of national research institutions,  
training and planning, number of persons trained and subsequent activities, and published papers  
(CGIAR/TAC, 1978). 
 
Costs and Benefits of Agricultural Research:  State of the Arts and Implications for CGIAR 
 
 At the request of the CGIAR, Schuh and Tollini reviewed existing methods for assessing and  
monitoring the impact of agricultural research and its cost effectiveness (Schuh and Tollini, 1978).    
Particularly useful is the introductory discussion on the difficulties inherent in evaluating research  
arising from the fact that research is conducted because there are unknowns in the system.  In addition,  
they note problems with defining and measuring research inputs and outputs and the effect of economic  
policy on farm level adoption.  Acknowledging that increasing output is the most widely operational  
goal of agricultural research, Schuh and Tollini also discuss the role of research in improving product   
quality (e.g., stability, nutrition); conserving inputs (more fertilizer responsive and drought resistant  
varieties); and the interactions between improvements in the marketing system, input supply industries, 
and economic policy on farm level adoption of new technology and producer welfare.  While 
technological change is normally considered as positive, negative side effects on income distribution,   
employment, and the environment must often be considered in assessing research impact. 
 
 The review of methods and procedures for evaluating agricultural research focuses on traditional  
ex-post economic models and ex-ante procedures for setting research priorities.  In the context of  
FSR&D evaluation, these models are probably too macro oriented and quantitatively sophisticated to be   
institutionalized into ongoing national FSR&D programs. 
 
Cropping System Working Group 
 
 In 1981, Asian Cropping Systems Working Group representatives from the Philippines, Nepal,  
Sri Lanka, and Indonesia agreed to undertake studies in their respective national programs to evaluate   
changes in productivity at cropping 

-251- 



systems research sites (Impact Assessment Committee, 1981).  Acknowledging that productivity  
changes are only one anticipated consequence of FSR&D and that adoption will be dependent on  
extension and other support activities, an attempt to measure program impact on production was   
initiated. 
 
 To insure relevance, the studies were designed in each country by an interdisciplinary team of 
national program staff, keeping in mind the need to meet country program objectives; that the 
methodology must be simple and capable of being implemented quickly; and given high priority by 
program economists. 
 
 The guidelines for implementing these studies established four indicators of achievement to be  
evaluated:  the extent of adoption of specific improved practices that had been identified through on-
farm trials and recommended to farmers; and changes in output, income, and employment at the farm  
level.  In addition, data was collected on factors thought to influence adoption and non-adoption of 
recommended practices.  Researchers from each country conducted their impact study at one research  
site where spontaneous adoption of improved cropping systems practices had occurred.  Data for 
assessing impact was obtained by interviewing a random sample of 10% of the farmers in the target 
area, assembling secondary data from previous studies, and interviewing extension personnel. 
 
 Analysis focuses on evaluating differences between adopters and non-adopters with respect to  
output, income, labor requirements, and socio-economic characteristics.  These studies have been 
completed and are in the process of being published by the International Rice Research Institute. 
 
United States Agency for International Development 
 
 Since November 1979, the Office of Evaluation, Studies Division, has been evaluating the   
impact of major program activities in general, including research projects.  Over fifty program 
evaluation discussion papers, program evaluations, project impact studies, and special studies have been  
published.  USAID staff have also collaborated with other bilateral aid agencies to share their 
methodology development experiences. 
 
 Comprehensive review.  A recent USAID sponsored ex-post study of selected agricultural    
research projects reviewed historical trends in agricultural research, identified factors affecting USAID's  
past and present research portfolio, assessed 48 research projects based on data gleaned from monitoring 
reports, and made recommendations.  This report provides considerable background information and  
noted problems encountered in various projects.  Unfortunately, the study failed to achieve its goal of 
identifying a pattern in these experiences to "serve as a basis for forming judgments and hypotheses 
about program and project efficiency and performance, effectiveness in reaching stated objectives, and 
impact on development goals" (Crawford, 1982) due to the inadequate quantity and quality of data 
which was obtained from the standard evaluation document.  In conclusion, the report suggested that  
the desired objective could more likely be achieved by in depth issue-oriented studies, conferences 
of experts on specific sectors or issues and policy oriented ex-post impact evaluations such as those  
currently being undertaken by USAID. 
 
  Impact assessment studies.  Of USAID's 32 completed impact studies, eight evaluated research  
projects, two of which involved FSR&D.  Each project was evaluated during a three- to four-week in-
country visit by a multidisciplinary 
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team of reviewers,  including one or more AID staff members.  Findings of the studies are summarized 
and integrated by Murphy (1982) in terms of: 
 
      1. Macro-economic and policy environment, including the host country commitment to research,   
 capacity of the country to make available timely inputs at reasonable prices, and the availability   
 of efficient marketing channels. 
 
      2. Institution building and training, including appropriate location of the project in the country's   
 administrative structure and within the research community; and the success in training and 
 keeping in place trained staff. 
 
      3. Technology generation and transfer, including the appropriateness of the research project with  
 respect to the needs of the country, the adaptation of research to farmers' conditions, and the  
 dissemination of findings to farmers. 
 
      4. Impact on households, including agronomic and socio-economic impact. 
 
 The project impact evaluation report entitled Central America:  Small-Farmer Cropping Systems   
(Hopgood, et. al., 1980) illustrates how evaluation research theory can be operationalized in assessing  
an FSR&D project.  This study was conducted by a multidisciplinary team of six scientists with Latin  
American experience who spent three weeks in Costa Rica and neighboring countries involved in  
collaborative research with Centro Agronómico Tropical de Investigación y Enseñanza (CATIE) -- the 
institutional home of the project being assessed.  First the team clearly identified the objective of the  
USAID grant to CATIE as being to create a coordinated regional research approach for improving  
farming systems of small farmers in Central America.  Then they proposed to evaluate the program in  
terms of its impact on research and training; national, regional and international institutions; and small  
farmers.  A matrix of key questions was developed, answers to which provided a historical description,  
and a qualitative and quantative assessment of success.  For example, to measure the effect of the project  
on training, data was collected on such items as the number of FSR&D courses offered, students taking 
FSR&D courses, and faculty indicating a FSR&D specialty -- before and after the project.  To measure  
the impact on research, the authors documented the shift in focus from station to on-farm trials, from a  
disciplinary to a production (i.e., annual crops, perennial crops) emphasis, and from a disciplinary to an  
interdisciplinary team approach.  Even though the project was not expected to have a significant impact  
on producers because it was only recently established, the team interviewed farmers cooperating in on-
farm testing to evaluate their knowledge of the project, adoption of recommended technology, and the  
yield after adoption. 
 
 The team collected the required information by analyzing secondary data, financial records, and  
reports; by interviewing donors, CATIE administrators, project staff, staff of collaborating institutions,   
and farmers; and through direct observation at field sites.  Each major section in the report includes 
a competing explanation (rival hypothesis) as to how the observed impacts could have resulted as a 
consequence of factors not related to the project.  The report also includes observations as to how   
specific activities (e.g., cooperating farmer selection, integration of macro-economic and sociological   
studies) could have been implemented more effectively, and extenuating circumstances that affected the  
success of the project in certain cooperating countries.  Finally, the report discusses the deficiencies of  
"ex  post" evaluation research where it 
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is necessary to reconstruct the pre project situation. 
 
Heifer Project International 
 
 Over the past four years, Heifer Project International (HPI) has been developing a simple and  
practical project evaluation methodology (Schmidt, 1982).  The HPI evaluation strategy suggests 
building into each project four types of evaluations over the life of the activity:  project progress   
reporting, program review, formative evaluation, and summative evaluation.  These evaluations 
progress from less to more detailed, comprehensive, time consuming, and expensive.  HPI strongly  
supports the concept that local staff participation in planning and execution is critical to effective use of  
the information generated by the reviews.  Consequently, a standardized but flexible review format has  
been developed so that the evaluations can be largely done at the project site by project staff.  The   
standardized design also guarantees that similar information is collected in all reviews, making possible  
comparisons across projects.  Finally, HPI emphasizes that "project results should be planned for and 
deliberately worked towards.  If a project is only designed in terms of activities that are to take place,  
the bases for evaluation can only be defined in terms of activities, problems, and unplanned results."   
While HPI projects are more extension in contrast to research focuses, their experience with 
implementing evaluation studies in third world projects is still relevant. 
 
World FSR&DReview 
 
 In 1978, the Consortium for International Development was awarded a contract by USAID to 
study existing FSR&D projects and to write a set of methodological guidelines (Shaner, et al., 1982).   
This comprehensive study is a synthesis of documents and information gathered on FSR&D projects  
around the world, and includes a three-page general discussion on evaluation.  Three types of evaluation 
studies are briefly described:  (1) built-in evaluations for providing periodic appraisal over the program's  
life, (2) special evaluations conducted in response to problems, possible program revisions, and/or  
interesting happenings, and (3) impact evaluations conducted after the project is completed.  The built-in  
approach is judged most useful as it provides an opportunity for corrective action.  In addition, the 
authors reviewed USAID's Logical Framework--an evaluation procedure incorporated into program  
design that identifies and relates goals, purposes, outputs, and inputs--and concluded this process 
produces better project designs.  This study is an extremely useful review of FSR&D, but the brief treat- 
ment of evaluation suggests researchers around the world have given little attention to this issue. 
 
Minimum Elements in Evaluation of Impact 
 
 The overview of evaluation research methodology identified conceptual issues that must be dealt 
with in attempting to assess impact in FSR&D.  Together with the evaluation experiences reflected in  
the approaches reviewed and points of view reflected in correspondence from a number of individuals  
involved in FSR&D,5 an attempt is made to identify minimum evaluation procedures that should be 
incorporated into ongoing FSR&D projects. 
 
 
5See Acknowledgement. 
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Evaluation Needs in FSR&D Projects 
 
 Evaluation approaches differ significantly, depending on such factors as who needs the 
information, the purpose of the study, and staff, money and time available to conduct the study.   
Consequently, priorities must be set which take into consideration these factors. 
 
 As most FSR&D programs are relatively new and still evolving, priority must be given to 
developing formative evaluation strategies.  These early reviews should serve as a mechanism for 
feeding back to the staff information that can serve to strengthen future program activities directed at 
achieving agreed upon objectives.  Information gathered for formative evaluation can also serve as part 
of the data base for summative studies.  Traditional benefit-cost studies should be carried out on selected 
programs, but initiated as special studies and not conducted routinely (Byerlee, personal 
correspondence). 
 
 In most FSR&D projects, resources available for evaluation are limited.  Under these 
circumstances, evaluation procedures must be developed that can be routinely executed by local staff in 
a short period of time at a low cost.  Only if these criteria are maintained, will it be possible to build 
program strengthening evaluation activities into all programs where FSR&D strategies are being 
implemented. 
 
Institutionalizing Evaluation 
 
 To have a meaningful impact on FSR&D activities, evaluation must be institutionalized within   
the program and not initiated as an after-thought or in response to external pressure.  In the national  
program, a multi-disciplinary team of 3-4 individuals--drawn from the research and extension staff-- 
could be given the responsibility to develop a formative evaluation system and see that it is 
implemented.  By assigning leadership to a permanent group, the resulting studies are most likely to be  
comparable over time and space, develop in quality, and required less time to complete as the team  
gains experience. 
 
 Evaluation studies should be planned to coincide with specific phases in project life when  
decisions are to be made about future activities (Philipp, Zandstra, personal correspondence).  Most  
important, they must be anticipated and planned for from the beginning of the program to avoid the  
common problem of having to evaluate preprogram conditions retrospectively.  
 
Specifying Goals in FSR&D 
 
 There is considerable disagreement as to whether FSR&D is a perspective or a specific method  
for conducting research (Byerlee, et. al., 1982).  This debate will probably become increasingly intense  
as more individuals become involved in FSR&D activities.  Yet, because FSR&D will be conducted 
under a great variety of environments, institutional, political, and socio-economic settings, it seems 
unrealistic to set out a detailed criteria against which all FSR&D projects are to be evaluated.  The  
critical issue is not whether a program conforms to a predetermined set of steps, but that the technology  
developed works under farmers' conditions to increase farmers' welfare--regardless of whether it was  
developed in a lab, on the experiment station, or in farmers' fields.  An assumption in the FSR&D 
approach is that success can best be achieved by testing technology in on-farm trials (Herdt, personal  
correspondence).  Farmers' field trials may be required when working in complex farming systems,  
characterized by environmental diversity, a large number of  crops grown, and a high degree of crop- 
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livestock interaction (Hart, personal communication).  However, on-farm trials may be inappropriate if  
technologies are not far enough developed (Knipscheer, personal correspondence) or the crop of interest  
is grown in a monoculture under environmental and managerial conditions similar to those on  
experiment stations. 
 
 In planning FSR&D programs, it is important that program goals tailored to the specific research  
problems under consideration are clearly defined, along with indicators of achievement.  If this is done,  
it will be possible to build into the program activities to collect data to measure the impact of the 
program in terms of quantitative and qualitative indicators of achievement. 
 
 In defining specific anticipated impacts as a basis for working toward results, we are faced with  
the dilemma that research focuses on identifying solutions to problems that to date have been elusive.   
Research stakes out new territory or it's not research (Shaner, personal correspondence).  How can we 
identify specific indicators of success before the problems facing farmers are identified in the diagnostic  
stage of FSR&D?  The underlying resistance to setting specific targets is often rooted in the fear that if  
these are not met, the program will be judged a failure.  One alternative would be to postpone 
establishing specific indicators of achievement until 6-12 months after the program is initiated (Baker,    
personal communication).  Alternatively, specific targets initially identified in the planning stage could  
be revised periodically to reflect experience to date, a strategy that would be consistent with the 
evolutionary and flexible nature of FSR&D aimed at addressing farmers' real problems (Galt, personal  
correspondence).  This approach may be particularly appropriate in formative evaluations intended   
primarily for internal use because there would be less of a penalty for missing the mark. 
 
Measuring Costs 
 
 It should be relatively easy to measure inputs into FSR&D programs, since they have budget  
implications.  Inputs that should be measured include salaries paid, months of staff involvement,  
physical inputs used (vehicles, chemicals, seed), and similar factors.  In addition, it may be possible to  
estimate costs incurred by farmers involved in FSR&D.  An up-to-date accounting of actual resources  
expended to implement a FSR&D program should be maintained for several reasons.  First, cost  
information will enable the program staff to develop accurate budgets for planning subsequent FSR&D  
programs.  Second, estimates of the cost of specific research activities such as surveys, on-farm trials,  
data analysis, etc., will provide management with a tool for identifying high cost activities for which   
more efficient approaches should be developed.  Finally, this information will facilitate formal benefit-
cost assessment at some future date. 
 
Measuring Benefits 
 
 Ideally, we would like to measure impacts in terms of final results.  Alternatively, we can  
measure the process in terms of activities and outputs that we believe contribute towards achieving   
final results (Shaner, 1980).  Final results generally are captured by producers and consumers, whereas  
process impacts affect institutions.  Both measures of final results and process effects should be 
monitored throughout the program and should not be postponed until the program is completed. 
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 Final results.  Measuring final results is difficult because we must first identify the relevant final   
results to monitor and then devise a procedure to measure the agreed-upon phenomena.  If we agree that 
improving producer welfare is the ultimate objective of FSR&D, we can consider several possible   
indicators of achievement: 
 
     1. Adoption -- The easiest and most agreed upon measure is probably adoption of recommended   
 practices.  Hildebrand’s index of acceptability for different components of the technology 
 package combines the percent of farmers using a component times the percent of their land to 
           which it is applied, divided by 100 (Hildebrand, 1979).  He suggests that farmers may adopt for  
 reasons other than yield or income.  If they use the technology, for whatever reason, they must  
 think it worthwhile (Hildebrand, personal correspondence).  Because partial adoption is also a  
 significant impact, it is important that components be evaluated and not complete packages  
 (McIntosh, personal correspondence).  While adoption is an important factor to measure, reasons 
 for non- adoption will provide valuable feedback to FSR&D researchers, and this information   
 should be systematically collected (Banta, personal correspondence). 
 
    2. Production parameters -- Adoption of new technology may affect yield, yield stability, cropping   
 intensity, area cultivated, and/or permit constant output with fewer inputs.  In some instances  
 interactions may be important.  For example, yield increases may allow a farmer to meet 
 subsistence food needs by planting less of that crop so more time can be spent on off-farm  
 employment (Galt, personal correspondence). 
 
    3. Income -- Changes in net returns for a single enterprise or total farm income is a more  
 comprehensive measure of impact than adoption or the production parameters.  In situations 
 where the main family owned resource is labor, changes in daily returns to family labor (gross   
 returns minus all cash costs, divided by family labor) is an important impact to measure. 
 
    4. Standard of living -- There is some merit in considering indicators that reflect total well-being.   
 If new technology is adopted and increases farm and/or non-farm income opportunities, this   
 should be reflected in improved living standards such as purchases of tin roofs, motorcycles,   
 radios, land, and similar consumption and investment behavior (Barker, personal 
 communication). 
 
 One difficulty with all of these final effects is that it may be difficult to isolate program impact  
from rival hypotheses.  For example, adoption indices may also be greatly influenced by input price 
changes that may or may not have been influenced by project activities.  Since production  parameters 
such as yields are greatly affected by weather, the years chosen for measuring the before and after 
situation are critical (Galt, personal correspondence).  Often income measures are influenced by price 
changes such as in a Philippines study that showed adoption cause yields and net returns to increase, but 
real income fell due to more increase in input and consumer prices (Herdt, personal correspondence). 
 
 It is clear that no single indicator of achievement will accurately reflect final results.  It is  
probably necessary to use several measures in combination. 
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In  addition,  rival  hypotheses  can  be  somewhat  controlled  by  using  an  experimental or quasi-
experimental design.  Finally, information about such exogenous factors as weather and government  
policies should be included in the historical record and examined to evaluate rival hypotheses.  At the  
same time, a dynamic FSR&D program may actually be able to claim credit for policy changes that 
resulted from bringing specific constraints to the attention of policy makers. 
 
 The process.  FSR&D is an approach to agricultural development that attempts to strengthen   
specific research and development processes.  Implicit is the assumption that success will lead to more 
relevant research output that will in turn enable farmers to improve their welfare.  Accepting this  
hypothesis as valid, it is possible to measure the success of a FSR&D program in meeting process  
objectives. 
 
     1. Multidisciplinary interaction--A team approach is advocated because farmers' problems are   
 typically beyond the grasp of a single discipline.  Consequently, by monitoring the disciplinary  
 mix that actually participates in various activities, such as planning diagnostic data collection   
 and interpreting the results; designing, evaluating and interpreting field trials; and similar  
 activities, we can evaluate the degree to which this process objective is achieved. 
 

2. Farmer involvement at each research stage--Farmer involvement is needed to insure that  
research priorities reflect farmer's needs.  This process objective can be measured by monitoring 
formal and informal contacts between farmers and researchers.  For example, by collecting 
information on how, how often and how many farmers participate in diagnostic activities,    
designing trials, and evaluating trials, it is possible to evaluate the degree of farmer involvement. 

 
     3. Research-extension communications--Where research and extension activities are separate and  
 uncoordinated, interagency cooperation can increase the effectiveness of both units.  Success in   
 strengthening research-extension communications could be measured by, for example:  the 
 number of meetings between research and extension staff, success in staffing programs with  
 combined research-extension teams, and related efforts that we believe lead to more rapid  
 diffusion of technology. 
 
    4. Intermediate outputs--In many countries there is a shortage of trained field staff, extension  
 publications and similar resources.  FSR&D programs often provide staff and extension training,   
 produce bulletins and participate in similar activities as means through which FSR&D efforts   
 can be made more effective.  Data on the number of staff trained, bulletins produced, etc., would  
 indicate the success achieved in meeting these process objectives. 
 
    5. Research priorities--As a consequence of FSR&D activities, new and previously unrecognized  
 research issues should surface, resulting in a shift of focus in the basic and/or commodity  
 research programs.  Impact on research priorities could be measured in terms of such factors 
 as changes in breeding objectives and the problem focus of field trials.  For example, suppose 
 pre-program weed control research included only herbicide screening trials.  As a result of 
 FSR&D work, the non-availability of herbicides at the village level, the high cost and the 
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 likelihood of damaging other crops in the farmers' cropping pattern are identified as constraints.   
 In response the breeder makes screening for early seeding vigor a high priority and the  
 agronomist initiates spacing, and/or pattern trials directed at controlling weed growth.   
 Documentation of significant changes in research priorities such as these would provide an 
 indication of the FSR&D program's impact. 
 
    6. External constraints--One of the characteristics of FSR&D is that it takes a holistic approach in  
 trying to understand farmers' problems.  Typically numerous external constraints will be 
 identified such as the non-availability of physical inputs, weak market structures, and the 
 non-availability of improved seed.  If a FSR&D program is actually development oriented, it  
 must accept responsibility for not only identifying these constraints, but also removing those that  
 are within the project's capacity.  For example, if improved seed is not available, a small   
            multiplication plot could be established.  In addition, it must make the necessary effort to link   
            with the responsible institutions and policy makers to see that limiting constraints beyond the  
            direct control of the program are removed (Zandstra; personal correspondence).  Identifying  
            efforts and  successes in removing external constraints would provide a qualitative measure of  
            success in achieving this process objective. 
 
 The type of data required to document these and other processes that are identified as objectives  
in a national FSR&D programs would require minimal time and effort to collect and would provide   
project managers with useful indicative information.  As with the final results, it will be difficult to 
isolate program impact from rival hypotheses.  Furthermore, it is difficult to assess the value of specific  
process successes.  For example, while training and bulletins are part of the program's record of  
achievement, a high output of these intermediate goods does not necessarily correlate with the relevance 
of results to farmers (Byerlee, personal correspondence).  In the same vein, a study in Northeast   
Thailand showed a high correlation between farmer adoption and the technical knowledge of the agent-- 
although all agents had attended the same training program (Banta, personal correspondence).  In 
addition, it is difficult to assess the quality of multidisciplinary interaction and farmer involvement. 
 
 If taken alone, process indicators of achievement are unlikely to provide convincing evidence of  
an effective FSR&D program.  On the other hand, in the long run strengthening processes may have a   
greater impact on development than final results measured during project life because these changes 
may lead to a transformation of the research and development system.  Thus, they should be articulated 
as program goals, measured, and evaluated as part of program impact record. 
 
Summary and Conclusion 
 
 FSR&D strategies are rapidly being adopted throughout the third world.  These programs should  
be encouraged to evolve in response to country-specific resources and needs.  In order to provide a  
better basis for judging the successes and weaknesses of these programs and various methodological  
approaches, an evaluation component should be integrated into each project.  The evaluation strategy  
can best meet project needs if it is designed by local staff to generate information needed to strengthen  
the ongoing project. 
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  Initial attempts to evaluate impact in a FSR&D project must be simple, exploratory, and flexible  
because there are numerous methodological issues yet unresolved.  At the same time evaluation must be  
planned into projects so information can be collected from the beginning that will reflect changes that 
occur over time.  Only through field experience will it be possible to improve our capacity to evaluate  
FSR&D projects.  Initially, assessment should be comprehensive and monitor both final results and the 
process itself.  While quantitative data may be more desirable, qualitative insights can also contribute 
toward better understanding the impact of FSR&D programs. 
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INCORPORATING   NUTRITIONAL  CONSIDERATIONS 
INTO  FARMING  SYSTEMS  RESEARCH 

 
William P. Whelan1 

 
 
 Farming systems research projects have certain similarities with agricultural and rural  
development projects.  This is not surprising given the fact that farming systems research projects   
essentially constitute a subset of the broader set of agricultural and rural development projects.  In at 
least one important respect, however, they have what appears to be a striking similarity:  most on-going  
farming systems research projects do not explicitly consider nutrition and/or health as integral parts of  
their farming system research, in much the same way that agricultural and rural development projects 
generally do not explicitly consider nutrition goals in project identification, design and assessment.  This  
would not be surprising were it not for the fact that national and international institutions have 
recognized in recent years the potential for reducing protein-energy deficiencies through projects  
designed to improve the level of living of rural dwellers.  The question being addressed here today is 
how might   nutritional considerations be incorporated into farming systems research projects, if indeed 
we can  suppose that reducing protein-energy deficiencies is an agreed upon objective to pursue.2   The  
strategy  to follow, which will accomplish this objective, and the variable(s) to use in order to do so 
should be the  focus of our discussion here today. 
 
Ex Ante Analysis of the Nutritional Impacts of FSR 
 
 It can usually be assumed that successful agricultural/rural development/farming systems  
research projects seek to accomplish the dual objectives of raising rural levels of living and improving  
the aggregate food situation by following strategies which increase agricultural output and employment  
and, therefore, incomes in rural areas.  Incomes, in turn, are viewed as providing the key to the triune  
goals of higher levels of living (particularly for the poorest of the poor), economic development and the 
achievement of the demographic transition.  The critical empirical question is do the increases in 
output and income which result from projects improve the nutritional status of individuals who are 
malnourished?  As Pinstrup-Anderson points out so well, one would expect the results to depend on  
changes in food availability and/or changes in food distribution, i.e., allocation of food available.  
Undoubtedly, some projects will expand and others will reduce the quantity of food available. 
Moreover, the nutritional composition of the available food may be changed either by changes in the  
relative amounts of the various commodities available in the diet, through perhaps crop substitution, or  
by changes in the nutritional composition of the individual commodity or commodities which compose  
the food available.  The allocation of increased food availability to families with malnourished members   
and, ultimately, the intra-household distributional apparatus 
 
 
 
1Assistant Professor, Agricultural Economics and Marketing, Cook College, Rutgers University.            
Prepared for discussion at the Symposium "Farming Systems in the Field,"  Kansas State University,  
Manhattan, Kansas.  November 21-23, 1982. 
 
2For a discussion about why adequate nutrition should be an objective of development per se, see for  
example, Streeten (1979). 
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are also crucial factors which determine whether a farming systems research project's "success" means  
in fact that hungry people are getting better nourished.  These "complications" which prevent one from  
readily accepting the implicit assumption that more food and higher incomes means less actual hunger  
can be seen in Figure 1, which depicts the relationship between a project and its nutritional effects. 
 
 If one is to concede that output and income improvement in and of themselves are not sufficient  
to demonstrate that the nutritional profiles of the malnourished are improving, then one faces a dilemma  
in choosing a strategy.  Does one choose a project willy-nilly that improves incomes and/or output and 
puts on blinders that block out the possibilities alluded to above, or does one look for some means of 
determining a strategy which minimizes the possibility that income and/or output improvements will   
have a perverse effect on the nutritional status of the malnourished?  It is reasonable to suppose that 
the latter strategy is preferred to the former and that to be of most practical value some attempt should  
be made to provide some useful information ex ante.  This view is expressed by Abalu and D'Silva when 
they make the following statement about improving cropping systems in Northern Nigeria: 
 
       "Considerable research on farming systems would be needed to ensure that appropriate farming         
 systems evolve in the future.  This research must emphasize the present status of farming 
 systems in the area and their potential for improvement.  The research effort must deal with 
 the dynamic nature of the farming system and be done from the "bottom up."  This underscores   
 the need for the research to be multidisciplinary and for the social scientist to play not only an ex 
 post but also -perhaps more importantly -ex ante role in the research effort." 
 
 Moreover, the reality is such that a nutritional perspective, if considered at all, is most unlikely  
to engender a great deal of support in the initial stages of the design of a farming systems research  
project.  The need is, therefore, to define a suitable variable or variables which will provide useful in-
formation in the strategy design phase and be economical to obtain.  If data for these variables are  
costly to obtain and if the analysis is also expensive, then there is presumably a greater risk that explicit  
attention to nutritional considerations in farming systems research will be sacrificed when budgetary 
exigencies prevail.  If, however, they are cost-effective, then they have a greater chance of being 
incorporated into the design of new farming system research projects, even those with little concern for   
nutritional considerations. 
 
 What characteristics then might such a variable have to be ''useful" in the strategy design stage?   
I suggest that the variable must satisfy at least four requirements, the first of which is  that it would have  
to distinguish between groups of different nutritional status, which are likely to be effected most directly   
by the farming systems research project.  The second requirement is that it would have to allow for  
examining whether some correlation exists between different nutritional status groups and some 
indicator of the food and nutrition benefit-incidence to these groups.  Third, the information used to 
represent the variable must be easily and quickly obtained prior to or during the strategy design phase.   
Fourth, the information must have acceptable levels of accuracy. 
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Level of Nutrition:  The Malnourished and the Well Nourished 
 
 Among the possible variables which fulfill the criteria pertaining to identifying groups of differ-
ent nutritional status, the one that immediately comes to mind is one that distinguishes between the mal-
nourished and the adequately nourished.  If one were to define a variable on this basis, the immediate 
question which arises is what the appropriate unit of analysis is:  the individual, the household, or some 
other social grouping?  Although one might like to look at individuals who are mal-nourished, the indi-
vidual as a unit of analysis poses great difficulties both in terms of facility, accuracy, and expense of 
data collection.  The household would appear to be a more appropriate unit of analysis, given the fact 
that most other project data will be collected on a household basis; however, problems arise when 
attempting to define a malnourished household.3  Upon which of the following possible criteria is a 
household to be classified as malnourished:  over 50 percent of the household members malnourished, 
everyone in the household malnourished, a minimum of one in the family malnourished, etc.?  Al-
though, in principle, the idea of defining these malnourished households is sound, I suspect that there 
would be some difference of opinion as to how actually to do so.  Moreover, how meaningful would 
changes in nutritional status be even if agreement could be reached upon one definition?  If one were to 
use the definition which was based upon over 50 percent of the household members malnourished, could 
one justify saying at some later period that the household was no longer "malnourished" because only 25 
percent of the family was now malnourished? 
 
 Whichever definition of malnourished is selected, there will be the need to make some ex ante  
nutritional assessment in order to identify who are the malnourished and what their characteristics are.    
Theoretically, anthropometric measurements could be taken and/or some dietary intake survey could be 
made.  Despite the inherent value of both these approaches, however, there are several factors why they  
might not be practicable.  First, unwillingness by some to submit themselves to anthropometric measure-
ments, e.g. young children resisting the use of skin fold calipers, may result in dubious coverage of the 
particularly relevant age and sex categories.  Dietary intake studies, on the other hand, may be problem-
atic because of the cost associated with the great necessity to pay close attention to detail.  Consider 
what is involved in measuring intake amounts, and one will acknowledge the problems in doing so.  For 
example, if farm households in low-income societies are usually privy to a relatively diverse array of 
food sources:  food from own production, food purchases from the retail market, food from in-kind 
wages paid, food "eaten out," either purchased or non-purchased, food gifts, food loans, and repayments 
of food loans, then coverage of nutritional intakes from only those sources perceived to be most 
important may result in significant inaccuracies.  Other inaccuracies are likely to result due to memory 
lapses if recall of any length of time is involved, memory errors if the individual provides information 
about the volume of food consumed which the enumerator has not actually been able to observe, and 
conversion of foods ingested to their nutritional equivalency. 
 
 With regard to this latter issue of the measurement of food in terms of nutrients and energy, one   
should keep in mind that the nutritional composition 
 
 
 
3I will assume henceforth that the household is the relevant unit of analysis.  However, there are likely  
to be contexts in which the household is inappropriate.  In all cases, the most appropriate unit of analysis   
should be used. 
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of local diets are not well understood.  The conversion factors used are usually highly aggregative and  
are often based on only a few observations. 
 
 Even if the dietary surveys are exhaustive in their coverage of sources and accurate in their   
estimation of the nutritional values of food received by consumers, there still remains the problem of  
defining the requirements to which the intake levels themselves will be compared.  This would not be a  
problem were it not for the simple fact that the nutritional needs of individuals are not well understood.   
Currently available data on the protein and energy requirements of populations in developing countries   
are still fragmentary and seriously inadequate, and even if accurate averages of either requirements 
or recommended intake levels were obtained, they would not help to ensure that proper focus is placed   
upon those for whom the averages are still too low.  Perhaps of even greater importance is the fact that   
the individual "requirements" upon which they are based have considerable variation for the individual 
depending upon the complex array of environmental factors which he or she faces.  Moreover, 
''required" intake needs and "recommended" intake needs are inherently different, and these differences  
can blur their distinction when attempts are made to assess the nutritional status of a population group  
or segments of a population group. 
 
Level of Nutrition:  Subsistence Potential Ratio 
 
 I have just attempted to explain the problems associated with providing highly accurate 
measurements of who the malnourished are through the two principal approaches of anthropometry and  
dietary intake methods.  It is undoubtedly more difficult to provide accurate ex ante measures such that  
they are useful in the strategy design phase than to provide them ex post, if only because it takes time to  
gain the trust of those being studied.  However, there are variables which serve as substitutes for the  
functional categories of the well-nourished and the malnourished. 
 
 Pinstrup-Anderson has suggested income as being a useful and suitable substitute.  There are  
three associated problems with use of this variable in an ex ante context, however.  First, the 
measurement of income most likely to be used which preserves considerations of economic theory is  
total expenditure.  This is, however, one further step away from measuring what one actually would 
like to measure; namely, nutritional status.  Secondly, total expenditure is by definition relevant to some  
period of time, usually one year or one full agricultural production cycle.  To obtain a measurement of   
total expenditure which would be useful in the strategy design phase, one would either have one 
calculated for the target population from a  previous time period or one would borrow one from some   
non-target population from a previous time period.  An important question is how appropriate would   
estimates of income based on non-target populations be for the target population.  If this were the only   
available information, one could surely justify using it, although I would argue that information from  
the target group would be preferable. 
 
 Finally, in addition to the problem of sheer expense both in time and in money of collecting this  
information, the necessary information obtained may be replete with inaccuracies.  These inaccuracies  
could be of two types:  systematic inaccuracies and incidental inaccuracies.  The systematic inaccuracies 
could be deliberately created by those being studied or by those suspicious about how the information  
might be used.  Incidental inaccuracies could be the result of memory lapses and memory errors. 
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 The subsistence potential ratio (SPR) variable which I will introduce is perhaps a better 
substitute for nutritional status than either income or total expenditure.  The SPR is simply the ratio of 
the household's ability to feed itself to its need to feed itself.  The household's ability to feed itself is 
determined by measuring the energy or protein value of the food which the household can produce over 
the course of the year, the agricultural production cycle, or the food consumption cycle.4  The 
household's need to feed itself is measured as the energy or protein requirements of the entire household 
for the year, the agricultural production cycle, or the food consumption cycle. 
 
 This variable is attractive for the following reasons:  1) that it contains a measure of the  
productive potential of land, an essential component of income earning potential, 2) it would express  
this earning potential in terms of its capacity to meet satisfactory food and nutritional intake levels, 3) 
it would be easily, quickly, and cheaply obtainable for the target population, 4) its accuracy in certain   
respects would be greater than by using either the anthropometry approach, the dietary survey approach  
or the income-expenditure approach because the emphasis on memory is limited and its broaches no  
sensitive areas, e.g., income, skin folds, etc.,  5) it would discern between those units of observation 
most likely to have some malnourished members or be at greater risk unlikely to have either 
malnourished  household members or to be at nutritional risk, and 6) it would hopefully correlate with 
the primary food source(s) upon which the household depends for its food.  This last point will be 
discussed in the following several paragraphs. 
 
 In light of the principal sources of food the household has for obtaining the food it consumes,  
one can examine the principal strategies which households follow to dispose of their production, namely  
to sell all, some, or none of their output.  Changes in patterns of disposal caused by production 
improvements made in the farming systems can be viewed both as being dependent upon the food 
source mix  and as causing cause changes in the food source mix. To the extent that increased 
agricultural output is   either consumed on the farm, sold in the market, or partially consumed and 
partially sold, then the positive and negative nutrition consequences which occur will occur through 
changes in the level and  relative importance of the food sources relied upon for consumption. 
 
 Therefore, an examination of the relative importance of the food sources relied upon for  
consumption at different SPR levels would be of value in determining what emphasis should be placed  
upon researching farming systems enterprises which are likely to result in increased consumption of  
home produced foods or increased consumption of market produced foods.  It would then be possible to  
infer whether the production design of the FSR undertaking would place the nutritional status of  
households in jeopardy.  Consider the following four alternative scenarios in Table 1:  Scenario 1) in  
which both high and low SPR household consume primarily from home production, scenario 2) in which 
both high and low SPR households consume primarily from market sources, scenario 3) in which high 
SPR households consume primarily out of the home production, and scenario 4) in which high SPR 
households consume 
 
 
 
4Modifications can be made to this one interpretation of a household's ability to feed itself.  For instance,  
one could examine the energy or protein value of the food which the household is likely to produce for 
home consumption and purchase during the course of a normal year.  Other interpretations are possible. 
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primarily out of home production and low SPR households consume food primarily obtained through  
market.  Each of these settings, empirically verifiable, would then suggest the blend of research effort to 
be placed on enterprises primarily intended to result in the consumption of on-farm output and on 
enterprises intended primarily to result in the consumption of on-farm output through market channels.   
For example, I would hypothesize that emphasizing research into crops primarily intended for sale 
would result in a worsened nutritional situation for households in scenario 1), an improved nutritional 
situation in scenario 2), and an uncertain impact upon the nutritional situation of households in scenarios  
3) and 4).  If these hypotheses could not be rejected, then they provide some ex ante guidance to the 
appropriateness in a nutritional sense of FSR research emphases which are likely to stress increases in  
output for sale and/or increases in output for home consumption. The level of these changes of total 
output upon SPR and SPR upon total food consumption can also be studied. 
 
Table 1.  The Subsistence Potential Ratio and the Primary Source of Food Consumption Scenario 
 
                        Primary 
                        Source of 
                        Food                                     Scenario 
                        Consumption 
 
                                                  1            2           3              4 
Subsistence 
Potential 
Ratio 
 
                            High               H            M           M            H 
                           Low                H            M           H            M 
 
 
M =  Food Consumed from Market 
H  =  Food Consumed from Home Produced Source 
 
 The rationale for using the SPR in the strategy design phase of FSR projects would therefore be   
that it satisfied the four previously discussed criteria for the variable to be useful in the strategy design   
phase, namely, it distinguishes between groups of different nutritional status, it permits the examination  
of the nutrition benefit incidence to these different groups, it is based upon easily, quickly and cheaply  
obtainable information and finally, it has acceptable levels of accuracy.  More detailed ex ante variables,   
such as the calorie consumption indicator suggested by Pinstrup-Anderson as a possibility, might 
provide extremely useful information in the strategy design phase; however, at apparent great expense.5 
 
On-Going and Ex Post Analysis of the Nutritional Impacts of FSR 
 
 Although the major emphasis has been upon determining the likely effects of FSR activities  
upon food consumption before the FSR activities themselves get 
 
 
5See Pinstrup-Anderson's brief discussion of the calorie consumption indicator (1981) pages 75-79. 
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underway, there are of course the actual effects of FSR activities upon food consumption and nutrition,  
which occur both during the period of the output-augmenting adoption and, finally, those which occur  
once the period of adoption [ends].  Perhaps the most important are those which occur as a result of the 
seasonal dimensions of cropping changes.  This is particularly so when they impact upon the demand  
for labor and time allocation and, therefore, result in periods in which the household might be more or 
less liquid with respect to consumable food than it was prior to the advent of changes in the farming 
system.  An examination to see whether or not there are periods in which food becomes relatively more  
scarce would be warranted, and particular attention paid to the intra-household food distribution process   
would undoubtedly provide valuable insights into the presumably important distributional impacts of   
changes in household food availability.  Moreover, the normal cycle of the seasons itself imposes certain 
strains upon food consumption and nutrition levels.  The synergism between disease incidence   and low 
energy, food and nutrition levels on the wet season of the production cycle is particularly pronounced.  
Chambers, Longhurst, et. al., suggest in Table 1 a series of variables which could be used to  monitor 
nutritional status in seasons likely to pose significant overall threats to general health and well-being, 
although variables which examine the synergism referred to above are lacking. 
 
 Performing some kind of ex post appraisal of the effect of FSR adoption on nutrition, once the   
adoption process is relatively complete, will likely be most useful as background information for other  
FSR undertakings.  In this sense ex post analysis serves ex ante analysis.  Meaningful ex post analysis 
requires a solid theoretical foundation such as that provided by the economic theory of the household.  
Renewed interest in this area has resulted in the development of household-firm models which re-
emphasize the importance of consumption as a driving force behind production.  These models have  
suggested new ways of examining the firm-household interrelationships which are of direct relevance to  
the study of farm behavior because of the interconnection between the farm as firm and the farm as a  
consuming household unit.  A very practical offshoot of this theory is the recognition that data collected  
for each functional group should trace the production cycle (beginning with land preparation and 
clearing and ending with harvest as well as the consumption cycle beginning with harvest and ending  
with the period immediately prior to the following harvest).6  Any useful analysis requires, therefore,    
that the data collection cycle be greater than for simply the production cycle, which would need to be 
augmented to represent more accurately the integrated production-consumption cycle of the household.   
Good food storage data, particularly beginning, ending, and other periodic inventories, along with 
records of changes which occur to household size due to labor migration, absence for schooling, death,  
etc., are also essential. 
 
 Income elasticities for calories by SPR, expenditure, or other nutritional status categories, should  
be calculated in order to examine the effect that food preferences and food quality considerations have  
on the functional categories of interest.  These elasticities should also be calculated according to income 
source if one wishes to examine the hypothesis that the source of income, perhaps 
 
 
 
6See Smith et. al. (pp. 69-73).  In a discussion of methodological problems which result when data are 
not collected to cover both cycles. 
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a change in the wage earning of female household members, is an important influence upon food  
consumption and nutritional status.  This would necessitate collecting information on income and/or  
expenditure during the full data collection cycle.  The elasticity of calories with respect to the 
Subsistence Potential Ratio would also be interesting to examine and would provide an additional use of 
the SPR concept.  The elasticity of demand for calories should also be calculated by functional category 
and should be based upon the prices for real goods, not a fictitious price of calories. 
 
 The extent to which FSR activities benefit large versus small farmers, through perhaps a possible 
FSR emphasis upon cash crop versus subsistence crop or sole versus mixed/multiple cropping  
technologies, and have significant long run effects upon nutritional status can only be answered ex post  
facto.  There is no reason, however, why ex post findings such as these cannot be stated ex ante as 
plausible occurrences under certain circumstances.  The primary value in incorporating nutritional  
considerations into FSR activities lies in insuring that the ex post findings as such do not evidence  
increased disparity in levels of nutritional well-being with higher levels of food poverty and concomitant  
malnutrition.   The research emphasis among those of us concerned about using FSR as a  vehicle to 
reduce intolerably high levels of malnutrition among the rural poor should therefore be upon advancing 
viable ex ante strategies which protect the nutritional interests of those likely to be affected by farming 
systems research throughout the world.  If the incidence of malnutrition lessens due to more thoughtfully 
conceived FSR ventures, then this might lessen the need for the more costly ex post analysis.  Whatever 
the case may be, a promising direction to follow requires researchers to develop and refine variables, 
such as the SPR, which are of direct usefulness in the planning stage and to use ex post analysis to help 
identify well conceived ex ante variables. 
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Table 2.  Hypothesized Seasonal Variations. 

 

Seasons 
Dry Wet 

Fa
ct

or
s  

Early Mid Late Early Mid Late 
 

Harvest 

D
is

ea
se

s 

C-S Meningitis 
Malaria 
Diarrhoea 
Guinea Worm 
Skin Infections 
Filariasis 
Schistosomiasis 
Yaws 

 
 
 
 
 
- 
- 

 -   
 
- 
- 
- 
- 
 
- 

 
 
- 
- 
- 
- 
 
- 

 
 
- 
- 
- 
- 

En
er

gy
, f

oo
d 

an
d 

 
N

ut
rit

io
n 

Agricultural 
  energy demand 
“                “   Men 
“                “   Women 
Food stocks 
Prices for food purchase 
Food Quality 
Body weight/energy balance 

 
(-) 
 

(-) 
+ 
+ 
+ 
+ 

 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

  
- 
- 
- 
- 
 
- 

 
- 
 
- 
- 
- 
- 
- 

 
- 

(-) 
(-) 
- 
- 
- 
- 

 
- 
- 
- 
+ 
+ 
+ 

-/+ 

Ec
on

om
ic

  
Debt and repayment factors 
Screws and ratchets 

 
 

+ 

 
 

+ 

 
(-) 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 

(-) 

So
ci

al
 a

nd
 

D
em

og
ra

ph
ic

  
Child care 
Deaths 
Neo-natal deaths as % of births 
Conceptions 
Births 

 
+ 
- 

 
+ 
+ 
 

H 

 
 

+ 
 

H 

 
- 

 
- 
- 
- 

 
- 
- 
- 
 

H 

 
- 
- 
 
 

H 

 Key: 
 
  + = a positive, favourable, condition or effect 

   -  = a negative, unfavourable, condition or effect 
 (-) = a less marked or less widespread negative, unfavourable condition or effect 
  H = High 
  Source: Chambers, Longhurst, et al., 1979, Appendix B. 
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TRANSLATION OF STATION EXPERIMENTAL WORK TO FARMER'S FIELD 
 

Michael D. Schulman 
Department of Sociology and Anthropology 

North Carolina State University 
Raleigh, North Carolina 

 
 
 Traditional farming systems of small holders have evolved over time in response to the  
ecological, social and economic constraints in which farming families are involved.  These complex  
systems of food and animal production represent reasonable and rational organizations of the existing   
physical and human resources (Harwood, 1979).  If these traditional systems are to be modified so that  
they can become more productive (more efficient utilization of the given resources), and if new 
technology is to be the key method of improving productivity, then it is essential that agricultural  
scientists and technicians understand traditional farming systems before the introduction of new  
technology.  Accordingly, upstream or baseline research is necessary in order to determine constraints   
and to identify the key problems for the agricultural research process (CGIAR, 1978). 
 
 Getting agricultural researchers and technicians to focus on the key problems facing small  
farmers is only a partial solution.  The new technologies and innovations developed by researchers   
must be appropriate to the physical and socioeconomic constraints faced by small farmers.  Therefore,  
downstream research for evaluating and monitoring the adoption of new technology and its short and  
long term consequences is also a necessary component (CGIAR, 1978). 
 
 The consequences of adopting appropriate technology by the farming household should be  
measurable in terms of increases in labor productivity, increases in family nutrition, and increases in the  
quantity or quality of food and fiber output.  Improvements over time, especially in the quantity and the 
quality of agricultural production, and the adequacy of this production to household consumption needs,  
signal modification in what is socially and economically "appropriate" technology.  Thus, the "down-
stream" monitoring of the consequences of technology transfer impacts the "upstream" development of 
"appropriate" technology. 
 
 The traditional model of agricultural research and development, once centered upon experiment  
station research, has often overlooked the downstream and upstream aspects of agricultural technology  
development, especially with reference to the farming systems of small holders.  Work at experiment  
stations centers around agricultural scientists organized into disciplinary specialties or along commodity  
lines.  The priorities for research are determined by the scientists themselves or by their parent organi-
zations.  There is little direct contact between scientists and their client populations.  The technology 
developed through station research is assumed to be capable of generating increased yields and cash 
income for all types of producers.  Extension organizations have passed the responsibility of diffusing 
the new technology to the early adaptors down into the laggards.  When the diffusion or adoption of the 
new technology is incomplete, then social scientists are brought in to explain the problem in terms of the 
lack of "modernity" or "n-achievement" among the small farmers. 
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 An alternative model for the role of experiment station research is based on the assumption that  
the development and transfer of new technology for small holders must be based on the actual needs of  
small holders (Gostyla and Whyte, 1980).  Baseline data on agro-climatic zones and on the farming  
systems in the target area (from secondary sources or from field surveys) provide the initial starting  
point.  On-farm studies and experiments directed by multidisciplinary teams are the next step.  These  
studies involve analysis of the farmer as a technology user, analysis of the goals and aspirations of the  
farmer, and experimental trials of new technology with active participation of the farmer.  Social  
scientists are intimately involved, not only in the analysis of  the farming unit as a system, but in the  
analysis of how the individual farming unit fits into the wider systems of rural stratification.  
Information from the on-farm studies flow back to experiment station scientists, who focus their 
research on the design of components for improving the existing farming system, or on the design of  
new systems appropriate to the resource conditions (CGIAR, 1978).  On-farm studies continue in terms 
of evaluating the responses of the farmers to the experiment station innovations.  Farmers are actively 
involved in the evaluation process, and the results flow back to the experiment station researchers. 
 
 The differences between the traditional model of experiment station research and the alternative   
"farming systems" model center around the factors of information flow and participation.  The 
alternative model proposes an active two-way flow of information between on-farm work and research 
at experiment stations and an active horizontal flow of information across scientific disciplines (Gostyla  
and Whyte, 1980).  The alternative model also stresses the active participation of farmers themselves in  
defining needs, in trying new technological alternatives and in the evaluation of such alternatives.  The  
emphasis on participation is consistent with  recent research on small farm development projects, which  
found that project success was dependent upon a set of positive actions by small farmers including their   
participation in project decision making and their willingness to contribute resources to project work  
(Morss, et. al., 1975).  If one accepts the alternative "farming systems" model as the norm, then the  
problem of translating experiment station work to farmer's fields becomes redefined as the problems of  
(1) getting experiment station research to focus on the needs of small farmers and (2) getting small   
farmers actively participating in the upstream/downstream process of research and technology  
development. 
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LONG TERM VS.  SHORT TERM  CONSULTANCIES: 
ADVANTAGES AND DISADVANTAGES  FROM AN AID MISSION VIEWPOINT 

 
Myron Smith 

BIFAD/S1 
 
 The viewpoints expressed by the author are based on a decade of experience in administering 
AID projects in the field in both the Asian and African regions with technical assistance support from  
U.S. Universities and the U.S.D.A. of various time durations.  Results of both short and long term 
consultancies ranged from excellent to unsatisfactory.  The factors contributing to this range of 
experience as perceived by the author and other AID personnel involved are described. 
 
 To enable all readers to have as uniform a concept as possible concerning the conditions that  
exist in providing economic development assistance to developing nations, and thereby to have a more  
realistic grasp of the role of professional consultants in this process today, several descriptive comments  
are provided at this introductory stage.  Most of us in the U.S. are not well informed on the conditions   
of life in the rural villages in truly traditional rural societies in the LDCs.  The issues involved in 
introducing the most elementary technology to tradition-engrained farmers in the villages of the LDCs 
are largely foreign to U.S. experience. 
 
  We in the U.S. are recognized by the LDCs as having superior agricultural technology, farmer   
production skills and agribusiness support as compared to other developed nations.  The challenge is  
how to introduce this mix of production factors into the tradition oriented societies of the really least   
developed countries (RLDCS). 
 
 The technology of the 1980s can be introduced in the LDCs, but the introduction process  
requires recognition of the human, institutional, infrastructural, economic, and political factors existing   
in each country.  Effective results can be obtained by expatriate, subject matter professionals if they  
have the patience and sincere interest to adapt technology to the absorptive capability of each nation.  
This skill must be acquired by experience and it is this process which is a major governing factor in  
whether consultants can produce useful results. 
 
 AID's experience with both academic and commercial consultants has been uneven.  The  
unfavorable experiences were correlated to a large degree with attempts to transfer U.S. systems, which  
had evolved gradually to meet the specific U.S. conditions, to dissimilar socio-economic and ecological   
regimes.  The selection of the principles to apply were incorrectly diagnosed by the U.S. professionals.  
Not until the concept of the Farming Systems approach evolved and was tested in the RLDCs has there  
been adequate recognition of the village level socio-economic conditions that are required to initiate  
improved productivity in the least developed communities of the LDCs. 
 
Factors Determining Choice of Long or Short Term Consultancies 
 
 The first determination of whether a consultancy will be of  long or short term is made in  
accordance with the function to be performed.  An illustrative 
 
 
 1USAID Direct Hire on detail to BIFAD/S. 
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list of functions, normally perceived to be best performed by each duration of consultancy, follows.   
This list is subdivided for those which are largely fixed by the function(s) and those where the choice  
could be optional. 
 
      1.   Long Term Consultancies (Academic or Commercial) 
 
 a.   Duration Fixed  (for multi-year projects) 
 
                  - Team leader of a technical assistance team of an institution building project (educational,   
  research, extension, banking, ministry, directorate, etc. institutions).   
                  - Team leader of an economic development project (integrated area development,   
  commodity production, irrigation systems, transport private enterprise, etc. projects). 
                  - Technical assistance specialists whose services, including both operations and planning,  
  are continuous and non-seasonal (agricultural planners, statisticians, irrigation system  
  designers and implementers, accountants, land use survey specialists, market  
                        development advisors, health advisors, veterinarians, water resource development  
                        specialists, etc.). 
 
        Advantages Over Short Term Assignments 
 
              - Closer and broader personal relationships are developed with host country and USAID  
  Mission personnel.   
                  - There are greater opportunities and incentives to become acquainted with and to   
  understand the socio-economic, political, cultural, and natural resources characteristics of 
  the country of  assignment. 
              - There is greater opportunity to acquire fluency in the foreign languages of the host  
  country where English is not the official language. 
                  - For private contracting firms, continuous assignments are almost essential as open market  
  professionals rarely have assured employment opportunities during intervals between    
  successive short term contract engagements. 
 
            Disadvantages 
 
               - For all procurement sources, the cost to AID per month of service is greater than for short 
  term assistance as costs for shipment of household effects and personally owned vehicles, 
  educational allowances, R&R travel, etc. must be provided from project funds.   
                  - For academic professionals, the two to four years overseas assignments continue to     
                        handicap professional advancements in their respective departments.  In spite of efforts of 
  some internationally sensitive academic administrators, there has not yet been a means  
  developed to recognize overseas developmental experience with the same merit as  
  experience on the campus. 
 
  b.   Duration Optional (for multi-year projects) 
 
          Functions 
 
                  - Technical assistance specialist whose services, including both operations and planning,  
  are not necessarily continuous and/or are seasonal. 
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  (Entomologists, plant pathologists, agronomists etc., in single season cropping systems,  
  curriculum  designers, seed production technologists, crop storage advisers, etc.). 

 
          Description 
 

  Expatriate professionals for these categories of assignments could in some instances   
  fulfill their  principle assignments in about six months.  If further continuity is desired at  
  a lesser professionallevel than that of an assistant professor, U.S. graduate students  
  could be hired under the project for a  minimum of a calendar year to assist host country  
  professionals to perform graduate student level   skills, as well as to continue  
  professional collaboration with counterparts in the implementation of the  projects. 

 
        Advantages 

 
               -    Cost per month of senior professional expatriates would be much lower.  Further, fewer     
                                months service would be required for the life of the project than for long term   
                                professionals.  Families could accompany the professional, but no sea freight nor  
                                shipment of personal vehicle would be authorized as the project could provide all of the  
                                household furnishings and equipment required through guesthouse/residence  
                                accommodations.  Further, personal transport could be arranged on a  reimbursement  
                                bases for distance traveled in project owned vehicle.  No educational allowances nor  
                                R&R travel costs would be authorized.   

               -    Academic professional personnel could continue teaching and conducting research    
                          functions at their universities for approximately six months each year.  This could  
                          enhance the opportunity to attract a wider range of academic personnel for foreign  
                          development assistance. 

- Graduate students would be exposed to foreign living and to AID operations in support        
      of  economic development and thereby a resource base of personnel experienced in  

                          economic development would accrue to the university and AID. 
-    Consecutive short term assignments by the same professional would provide the USAID   
      and host country with personnel who know the host country and host country personnel        
      important factors to achieve the performances expected. 

 
            Disadvantages 
 
                 Many of these are the converse of the advantages for long term assignments, such as: 
 
          -    Less incentive to learn and understand the socio-economic, political, cultural, and  
                          natural resources characteristics of the country of assignment. 
                    -    Less opportunity to acquire fluency in foreign languages where such are required in the   
                         country of  assignment as compared to professionals on long term assignments. 
                    -    Less opportunity to attract quality professionals from non-academic contract sources that  
                         do not have off-season employment for the contract staff. 
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               -  Importantly also, the break in the presence in the LDC weakens the relationship fabric   
        between the professional expatriate and the host country counterparts. 
 
      2.   Short Term Assignments (several weeks to three months) 
 
The functions for which these assignments are appropriate to AID's operations can be performed during 
short term assignments, are numerous, and include as examples:  Project design and evaluation, special 
studies, short term training programs, technical assignments where short-term, specialized consultancy is 
required for specific project problems, and perform staff functions for USAIDs during intervals when 
agency recruitment is unable to fill critical vacancies. 
 
               Advantages 
 
               -  Short term contract professionals can perform many functions for which AID direct hire     
        staff do not have time and/or do not have the technical competence. 
               -  Such professionals also are desired to infuse a fresh perspective to complement the in- 
        country experience of AID direct hire staff who are susceptible to reduced breadth of vision      
        as a result of their demanding operational problems.  
               -  Higher quality professional academic staff are more readily available for short term             
        assignments than for long term assignments. 
               -  Experienced, retired AID employees and private consultants are available in larger numbers      
        than for long term assignments. 
 
              Disadvantages 
 
               -  Time is inadequate to observe and understand the socio-economic, political, cultural, and        
        natural resource characteristics of individual countries--factors important singly or in           
        multiples, depending upon the assignment, for optimum performance. (This handicap is     
        reduced in accordance with the frequency a professional is engaged in consultant services     
        with AID in the concerned geographic sub-region and in particular in the same country.) 
               -  More AID direct hire time by both AID/W and USAIDs' staff is required per month of     
        service for briefings and other support functions. 
 
Factors Enhancing or Limiting Performance of Technical Assistance 
 
      The factors which enhance or limit performance of professional consultants result from four   
sources: 
 
      1.    The contracting firm, 
 
      2.    USAIDs (Mission staff and/or quality of project design), 
 
      3.    Contract Team Members of Consultants, 
 
      4.    Host Country counterparts. 
 
These will be examined in order of their presentation for the various durations of assignments. 
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 The Contracting Firm 
 
            a.   Long Term Assignments 
 
           - Limiting Factors.  The quality of professionals actually available for field assignments is  
   frequently not the same as that proposed in the contract proposal.  This occurs with both  
   the private contracting firms and the universities.  This has occurred even when selection  
   of the contractor is made within one month of the due date of the proposals.  Within the  
   last nine months, a team leader who met personally with an AID/host country selection  
   committee and assured them that he was available reversed his decision a week later.   
   The contract had been awarded to the concerned firm during that week largely on the  
   basis of the availability of the team leader.  In another instance two deputy team leaders  
   declined to serve on a very large project within 10 days after the private contracting firm  
   which had nominated them was selected for that project.  University proposals have also  
   had large drop outs of proposed candidates on occasions for projects in remote locations.  
   (Loss of proposed team members due to intervals of lengthy contract negotiations are  
   understandable and are not included in the above illustrations.) 
          - University contractors are increasingly fielding outstanding professional staff.  The  
   quality of university teams on the whole is improving due to increased competition.  The  
   quality and performance of teams for contracts awarded prior to 1978 were occasionally  
   below AID expectations.  Unfortunately those earlier experiences are remembered as    
                        examples of university capability. 
          - The reluctance of Department Heads of Universities to authorize absence of highly  
   qualified staff interested in overseas development and the failure to date on the part of  
   most universities to recognize the merit of performance for advancement of staff   
   members who accept foreign assignments continues to limit the average quality of  
   university contract teams.   
          - Universities and private contractors have both failed to utilize AID training programs to  
   brief contract team members and their spouses on issues involved in living overseas as  
   well as to brief team members on the cross-cultural issues involved in implementing     
                        development projects with foreign nationals and of the particular development concerns    
                        of their client, AID.  BIFAD has just recently contracted for design of orientation   
                        programs for both long and short term consultants.  It is essential that team members,    
                        particularly contract team leaders, know the agency procedures exist for almost all  
                        operating situations that occur and must know what references are available on these  
                        regulations in the field. 
 
      b.   Enhancing Factors 
 

- The institutional linkages that develop between host country personnel and U.S.  
      universities (and the USDA when it is the institutional contractor) has become an   
      increasingly important factor over the years.  Some universities have become increasingly  
      aware of the value of their technical back-stopping resources as a unique advantage 
 amongst technical assistance suppliers.  The 
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    superior performance of those relatively few U.S. universities has resulted in strong  
    demand for their services.  There is considerable opportunity for other universities to  
    increase the quality of their performance. 
 
        c. Short Term Assignments (on multi-year projects) 
 
    Limiting factors (and in the converse, enhancing factors). 
 
             - When short term technical assistance is provided to support long term assigned  
     staff, there is occasional failure on the part of the long term team leader to  
                                    collaborate with the host country counterpart(s) to define specifically the          
                                    objective of the assignment, to develop a tentative work plan, and to prepare all of   
                                    the resources required in advance to optimize the effectiveness of the short term  
     specialist.  On occasions, from one fourth to one half of the short-termer's    
                                    assignment is utilized in performing the above functions.   
             - Inadequate orientation is characteristic for short term assignments.  The cost in  
     reduced performance usually greatly exceeds the cost for adequate orientation  
     training. 
 
USAIDs 
       a. Long Term Assignments 
 
      Limiting factors (and in the converse, these are enhancing factors). 
 
             - Inadequate provision in the project for design and budget for responsible  
                                    administrative and logistical support for high-level professional contract team                       
                                    members.  High priced professional staff should not be utilized for logistical and  
                                    administrative functions which can be performed by lower salaried personnel.         
                                    Further, procurement of essential residential and operational supplies should be   
                                    arranged sufficiently in advance so that supplies are available by the date of the  
                                    teams' arrival. 
             - Inadequate recognition that language capability is a constraint that is resolved at  
     lowest cost by authorizing language instructor costs to be financed by the project  
     as well as time for training prior to reporting for duty when competent  
                                    professionals are not readily available with the required language fluency.  It is   
                                    absolutely unrealistic to assume that subject matter specialists are available with  
                                    competence in all languages required in adequate supply to meet all demands of  
     donors for overseas assignments.   
    - Inadequate dialogue with host country counterparts to determine the most  
                                    effective means to utilize professional technical assistance (under whatever in-  
                                    country contracting mode is utilized) and inadequate monitoring of  
                                    implementation performance to resolve jointly and promptly operational problems   
                                    which arise.  The AID project manager and if necessary the Mission Director      
                                    must perform the role  of referees and negotiators in disagreements. 
 
        b. Short Term Assignments (non multi-year projects) 
 
             - Inadequate determination of objectives and preparation of a tentative work plan  
     prior to arrival of short term professionals. 
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            - Occasional failure to provide a responsible foreign national to assist in arrangement  
    of appointments, to be available to the short-termer(s) to provide supplementary  
    background information to that provided by the USAID direct hire staff and to  
    accompany the short-termer when such is cost effective. 
 
 Contract Team Members or Consultants 
 
      a.  Long Term Assignments 
 
            Limiting Factors (again, in the converse these are enhancing factors) 
 
            - Inadequate sensitivity to AID's objectives in the project, to AID's operational   
    regulations (some statutory), to AID's extensive experience with development   
    strategies, and to their employee/client role. 
            - Inadequate effort to influence host country counterparts of obligation to meet target  
    dates for project outputs, and where not possible, to develop revised work plans to  
    achieve optimum performance. 
 
      b. Short Term Consultants (non multi-year projects) 
 
           Limiting factors 
 
            - More than occasionally limited experience of consultants in the LDC development  
    milieu particularly on design and evaluation teams results in an end product that is not 
    satisfactory. 
 
 Host Countries 
 
      a. Long Term Consultancies 
 

- The major host country problem is the frequent inability to obtain optimum 
effectiveness from expatriate consultants on long-term assignments.  There is human 
reluctance to acknowledge the need for advice.  LDCs welcome financial assistance 
but generally (there are exceptions) prefer to exclude or reduce long-term technical 
assistance below the level AID considers appropriate.  This element of human nature 
must be recognized.   

  
 It is more the exception than the rule that long-term technical assistance teams have 
 the skills in human relationships required to perform advisory services over several 
 years in a manner that retains receptively on the part of counterparts.  Where the 
 exceptions occur, there is a strong and very experienced administrator as team leader.  
 Maturity on the part of the host country counterpart supervisors, associated with  
      acknowledgement on their part that professional skills of the host country staff are    
      inadequate, are factors that enhance a productive relationship.  The major initiative in 
 obtaining and retaining host country receptivity, nevertheless, rests on the contract 
 team leader and secondly upon the contracting firm to provide adequate support, 
 including replacing low performing staff when necessary. 
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COMPLEMENTARY ASPECTS OF RURAL ENERGY AND FARMING SYSTEMS 
 

Richard  Morse* 
East-West Center Resource  Systems  Institute 

 
 
 Energy is integral to any farming system.  Thus, the concept of complementary aspects of rural  
energy and farming systems alludes to interwoven elements of energy in farming systems.  This subject  
is germane to work on Energy for Rural Development (ERD) being conducted cooperatively by the 
East-West Center Resource Systems Institute and institutions in seven Asian countries.  Opportunities to 
collaborate with the University of Hawaii, College of Tropical Agriculture and Human Resources, have 
strengthened this experience.  In examining and fostering energy components of rural development, we 
are finding farming system research concepts and methods very instructive.  By accenting energy 
aspects here, I hope the mutual values of these cooperative research and educational efforts will be 
enhanced. 
 
 The farming system, in this context, is a relationship between social and organizational factors,   
including distribution of resources and benefits, and decisions and actions by men and women in rural  
families to choose, work with, and modify crop, animal, and forest production activities and 
technologies.  Facets of this definition that emphasize energy and complement other definitions (e.g., 
Shaner, Philipp, Schmehl, 1982; Harwood, 1979) are listed next. 
 
Complementary Aspects 
 
 Landless Families.  In five villages in north India studied intensively from an energy standpoint,   
landless families who work in agriculture constitute from 11 percent to 48 percent of village households   
(Agrawal, 1981).  This range is reasonably characteristic of many developing Asian societies.  These 
landless families' work is essential to farm operations.  Their consumption of food and fuels derived   
from local resources is their principal means of survival--often at the lowest margin of survival or 
subsistence. 
 
 Other Occupational Groups.  Artisan families who produce and repair farm and household  
implements, entrepreneurs and workers in rural industry, traders, teachers, and public employees also  
depend directly on the local farming system for food and fuels.  The inputs and services these people 
provide to farm families, as well as those they consume, significantly influence local production and  
exchange activities involving crops, animals, and forest resources. 
 
 Women's Roles.  Women are the principal users of rural fuels, since cooking accounts for about 
60 percent of energy consumption in developing rural areas.  Women also gather much of the biomass 
fuel used.  Their time allocated to fuel-related tasks as well as to other stages of food preparation makes 
up a significant part of family time budgets.  Effects on women from exposure to smoke during cooking 
tasks, although not yet understood, are potentially serious (Smith, Aggarwal, Dave 1982; Ramakrishna 
and Smith, 1982). 
 
 
*Research on which this paper is supported in part by the United States Agency for International 
Development, Grant No. AID/ASIA-G-1393. 
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 Biomass Fuel Use.  Biomass fuels--fuelwood, animal dung, crop residues, natural vegetation--  
predominate in rural energy consumption in most developing countries.  Competitive as well as 
complementary relations of biomass fuels with food and fiber crops significantly affect farm families' 
choices among production system alternatives. 
 
 Critical Limiting Factors.  Energy necessary for land preparation, sowing, cultivation, irrigation   
pumping, agro-processing, and transport can inhibit farm output if it is (a) inadequate in quantity; (b)  
inappropriate in form or quality, requiring technical transformations for which current knowledge is 
inadequate; (c) not available on a timely basis; or (d) held by some families or groups but more acutely  
needed by others.  In identifying critical limiting factors in a farming system, these specific aspects of  
energy must be assessed. 
 
 Opportunities for New Enterprise.  Energy surplus and potential for new productive applications  
exist when  (a) energy use is inefficient, through either management or technical factors; (b) little or no   
private or social cost is incurred to collect or process available energy resources; (c) energy is wasted;   
or (d) energy is used for purposes generally considered locally as unimportant.  New information that 
stimulates new ways of thinking about these end-use, organizational, and allocative aspects can help  
local groups establish priorities and evaluate new resource and technology strategies. 
 
 Time and Work Allocations.  Allocation of family labor time to the varied tasks linking fuel   
production with the crop-livestock-forest sphere is a crucial factor in assessing and developing local  
resources.  The role and opportunity costs of men's and women's labor time, especially at peak seasons, 
are important but difficult factors to determine. 
 
 Valuing  Animal,  Biomass, and Land Resources.   In many rural areas few formal markets exist 
where fuelwood, animal dung, crop residues, and natural vegetation are bought and sold.  Evaluation of 
competing uses--such as dung for fuel or for manure--is difficult.  Where non-monetized or partly 
monetized transactions predominate, new methods of ascribing value to animal and vegetable residues  
are needed in order to understand the optimal allocation of these resources and of the land and time used 
to produce or collect them. 
 
Development Research Goals 
 
 Human and physical resource transformations in rural areas are, I believe, founded in the values, 
motivations, needs, and constraints of rural people.  The goal of development research is to strengthen 
people's ability to make these transformations.  Knowledge held by rural residents is a primary resource 
for this purpose.  Development research should help rural people (especially those with the most acute 
needs) learn how to build and adapt on their present knowledge to gain new initiatives in decision-
making and new advantages in negotiating with outside groups. 
 
 In the energy-farming systems context, farm families and other community members need 
methods and information to: 
 
      1.   improve their knowledge of food-fuel links and of new opportunities for greater productivity in       
 crop,  animal, and forest resources; 
 
      2.   identify crucial factors that limit or block production increases and determine how to overcome 
 them; 
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      3. invent new ways of organizing and allotting work activities, to add value and share benefits 
 more equitably; 
 
      4. evaluate alternative energy technologies, both by contributing to their design and by operating,  
 testing, and modifying them to fit particular daily and seasonal conditions; and 
 
      5. realize economies of scale and of transactions in food and energy resources, through appropriate   
 group and community organization. 
 
Knowledge Advantages of Rural Citizens 
 
 Social and farming conditions that determine energy uses and sources vary considerably.    
Studies to discover regularities are rare.  The specific knowledge that producers and users of rural  
energy have about existing amounts, forms, and attributes of locally available energy is a basis for  
assessment of potential changes.  In a mutual learning process, the researcher raises new questions and  
adds new information.  In such local planning, a key question is:  what information from outside is   
relevant and needed to add to local knowledge, to build an adequate picture? 
 
 Particular groups of rural residents have special insight into various types of information, as 
illustrated. 
 

 

Knowledge  holders  and  generators 
(women,  men,  families) 

 
Landless families 
 
    Farm laborers 
 
    Artisans: smith, carpenter, potter, weaver,             
    woodsman, leather-worker 
  
    Service: midwife, tailor, 
 
Marginal and subsistence farm families 
 
 
 
Small-scale and medium-scale farm families 
 
 
 
Large-scale farm families, landlords 
 
 
 
 
Agro-processors, traders                  

Types of  knowledge  and advantages  
(daily, seasonal, annual) 

 
Collected fuels:  wood species, parts, attributes; animal 
dung; crop residues.  Forage and grazing areas; 
depletion.  Collection times, distances. 
 
 
Alternative earning opportunities variability, risks, 
trade barriers and inequities, wage negotiating factors.  
 
 
Inferior grains and fuels: residue uses and substitution; 
animal maintenance and services; food and fuel 
uncertainties; coping strategies. 
 
Crop rotation; irrigation; animal power; fodder; 
storage; dairying; market variations; cash management; 
diesel and kerosene; electricity connections. 
 
Cash crop specialization; fuel purchases; tree and grove 
management; labor trends, work organization; 
mechanization; lubricants, gasoline; marketing; 
supplier and bank credit. 
 
Stocks; storage facilities, truck and rail transport; crop 
futures, margins; 
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Village   and   district  officials 

fuel-wood  marketing;  machinery  supply, repair  
and maintenance. 
 
Selective data on above;  range and approximate   
distributions;   secondary data. 
 

 
 Most of this primary information is in local terms and units of measure.  Many of these terms  
pertain to barter and in-kind transactions not reflected fully in the price economy.  Estimating the magni-
tude of  this unpriced zone and its terms of exchange requires close familiarity with local knowledge 
generators. 
 
Need and Scarcity Assessment 
 
 Need is a commonly used and understood word but difficult to define precisely.  People do know 
their own direct needs best.  However, they may not comprehend the conditions influencing their needs; 
they may not be able to assign values to those conditions. 
 
 How people adjust or mitigate their situation when they lack energy resources indicates need.  In  
certain seasons in Bangladesh, some rural families are not able to obtain fuel to cook more than once a  
day.  They dig up roots from dead trees, or cut excess amounts of live wood from common forest land 
(Islam, 1980).  These acts have contributed to soil erosion and loss.  If families are forced to trespass on 
others' land and trees to obtain fuel, how is this to be measured in terms of need? 
 
 In Java, the poorest families consume less fuel because they consume less food.  This is clear 
evidence of a suppressed need for both food and fuel.  They find enough energy to cook the food they  
have (Islam, Morse, Soesastro, eds., 1983).  In some villages, minimum fuel needs are met by sharing 
among households; well-to-do families often let other families collect branches and twigs from their  
land. 
 
 Scarcity takes many forms.  Seasonality is often a major factor.  Identifying and evaluating  
resource scarcity is an important step both in assessing local factors that limit increased productivity   
and in allocating resources among different areas according to where and how far scarce inputs curtail 
development or prevent attainment of basic needs. 
 
Enhancing Energy Efficiency and Conserving Environmental Resources 
 
 In many rural areas, some families who are not assured of obtaining sufficient food and fuel for  
daily needs are forced to use their resources less efficiently than available  technology permits.  Use of  
general-purpose stoves that accommodate inferior biomass fuels as well as high-quality fuelwood is an 
example.  Design needs of actual users must be the basis for stove improvement programs, but at the 
same time better fuelwood supply should be assured for greater efficiency.  Peoples' valuations of these  
options as well as social measures to assure against their risks are essential components for such con- 
serving steps. 
 
 When women are engaged in farm operations, such as during peak sowing, weeding, and har-
vesting seasons, efficient use of time for cooking activities 
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may be more critical than efficient use of  fuel.  To save cooking time, they use more fuel (Islam,   
1980).  These situations illustrate how energy efficiency differs among ecosystems and farming  
systems.  Differences in forms and efficiency of energy use have cause and effect relationships with 
availability and scarcity of physical resources, landholding structures, farming practices, and task and  
time allocations among women, men, and children. 
 
Local Initiatives and Interactions for Energy Technology Assessment and Development 
 
 Valid field assessment methods for animal and biomass resources must incorporate judgements  
of the farm and labor families who produce, transport, and consume these materials, and the recom-
mendations of specialists about local resources and their valuations in alternative uses.  More funda-
mentally, people's active involvement in assessing new technologies and methods of resource organ-
ization, using their own knowledge together with that of specialists, is a key to success in their choosing 
viable practices.  Action research and participant research are essential methods for achieving this 
involvement. 
 
 Our most promising lessons in this regard are based on Dr. Deepak Bajracharya's work as a  
facilitator in need, resource, and technology assessments by three communities of Chgoprak Village  
Panchayat, Nepal, from February to July 1982 (Bajracharya, 1982; Islam et al, 1983).*  While residing 
in the area, he assisted communities at low altitudes (500-700 m), mid-altitudes (800-1,000 m), and  
high altitudes (1,400-1,600 m) -- each populated by different castes -- in their assessment of priorities  
and viability of alternative energy systems.  The low altitude wards decided upon, negotiated, and   
installed two community-scale biogas digesters (20m3 ) to power grain grinding and oil expeller  
machinery.  Some 140 households at mid-altitudes installed improved stoves.  The third community did 
not reach agreement.  Bajracharya examines the social and technical factors in these differential 
responses.  He observes:  "Considering that all problems cannot be solved at once, the people in the   
rural community interact among themselves to determine their own priority and express the need for the 
new technology" (in Islam et al ). 
 
      This experience manifests four key principles: 
 
      1. User participation in actively assessing priorities, needs, and new resource combinations is a  
 critical ingredient to implementing and sustaining new energy technologies. 
 
      2. In interaction with a skilled facilitator, communities can innovate and adapt their existing  
 institutions to provide for fair sharing of new opportunities; in the biogas case, 65 families were 
 able to agree on differentially structured resource commitments and obligations, with fair 
 distribution of benefits.  
 
 
 
*Dr. Bajracharya carried out this project through a cooperative agreement between the East-West 
Resource System Institute and the Resource Conservation and Utilization Project, Nepal. 
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      3. Individual and group capacities to manage and operate new systems can be rapidly developed by  
 experiential learning and well-focused training. 
 
      4. Many such accomplishments are possible in other rural areas through continued action research   
 that contributes to curriculum development and experiential training of facilitators and local 
 researchers. 
 
Local Systems Assessment:  Evidence of Scarcity and Potential 
 
The Cooking Sector 
 
 Energy needed for the cooking sector provides a thematic perspective to interpreting food-fuel  
links in farming systems.  These links influence the adequacy of food to meet basic nutrition needs.  One  
observed response to fuel scarcity, as already noted, is to reduce the number of hot meals per day, in- 
crease consumption of uncooked food, and heat tea or coffee water to below the boiling point.  The 
health implications of these adjustments are not fully understood, but incidences of food related diseases 
could increase.  Less protein and sometimes fewer calories with certain uncooked or partly cooked foods 
may also result in lower nutritional value (Foster, in Islam et al). 
 
 The implications of these responses to fuel shortages appear to be more severe for particular   
groups, including small landholders and landless families.  Nutritional surveys show these groups are  
especially prone to deficient diets in terms of calories, protein, and vitamins (Institute of Nutrition and  
Food Science, Dacca, 1977).  Energy micro studies show these same groups often have limited access  
to biomass resources to use in cooking their food.  Thus any reductions in availability of food or fuel   
affect these groups' nutrition more severely. 
 
 What are the fuel requirements of a family with a certain number of members for cooking food  
for one day at current levels of food and fuel consumption?  At improved levels of nutrition (meeting   
the local minimum daily requirement), what is the per capita increment of fuel that would be required?   
This relation between fuel needs and food needs must be understood if adequate and sustainable 
quantities of food and fuel are to be produced from a given land base.  Fuel links to nutrition, then, have  
important implications for the food policy planner as well as for the village researcher and development  
specialist concerned with either food or energy (Foster, ibid). 
 
Contrasts in North India Villages 
 
 Profiles of domestic fuels consumption in five Uttar Pradesh Villages demonstrate the location-
specific, heterogeneous nature of rural energy systems (Table 1).  Two of the villages, Naraich and  
Pindari, are the Trans Jamuna agro-climatic zone characterized as "alluvial veneer," with hill 
outcroppings and ravines.  Dung cakes and crop residues dominate their high cooking-fuel use.  The  
remaining three villages, all in the alluvial Ganga-Ghagara agro-climatic zone, have distinctly different  
patterns of fuel use (Agrawal, 1981). 
 
 Village-scale indicators are used to analyze connections between these fuel use profiles and the  
local farming system (see Table 2).  Unfortunately, separate indicators for each land holding and income  
group are not available.  However, indicators shown in Table 2 reveal different combinations of farming 
and fuel resources for each village, even those within the same agro-climatic zone. 
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 The amount of the various biomass resources available in the village greatly influences the fuel  
mix.  Nariach and Pindari villages, located in an agro-climatic zone characterized by extensive farming,  
have more land, cultivated area, and animals per person than the other three intensively-farmed villages 
in the Ganga-Ghagara zone.  This resource factor accounts for high dung cake and crop residue use in 
the first two villages. 
 
 Scarcity of fuelwood is shown by resource indicators for Hariharpur, even though wood provides 
38 percent of per capita cooking fuel consumption.  The weak fuelwood supply position is evident from 
the number of trees owned per family (1.2) and per hectare (0.4).  To identify the nature of pressure on 
fuelwood and other resources, however, distributive and geographic aspects of landholding and use must 
be examined. 
 
 Land distribution in Hariharpur is highly unequal.  Sixty percent of farm families hold 19 percent 
of the land in holdings of less than 2 hectares.  Thirteen percent of the farmers hold 50 percent of land in 
holdings of 5 hectares and larger.  Landless labor makes up 48 percent of the occupational distribution. 
 
 Shifting stream beds inhibit sustained land management in sections of the village land.  Low  
cropping intensity (index .99  in Table 2) and a small irrigated area (38 percent) are resulting features.    
High wheat and paddy yields are evidently associated with high fertilizer and manure use on cropped 
land, but the low cropping intensity and relatively small number of families in agriculture in  Hariharpur 
(only 34 percent) result in very low grain output per person per year (133 kg) and a  correspondingly 
low share of grain marketed (11 percent). 
 
 The high numbers of cattle in Hariharpur per farm family (5.1) and per landless family (2.4) are   
more equally distributed than land, however.  Landless families own about 34 percent and small-scale  
farmers 30 percent of the bovine animals.  High annual fodder consumption per bovine animal (3,900  
kg), dung recovery per animal (2,100 kg), and dung recovery per person (690 kg) sustain the role of  
dung cake as the most used cooking fuel in Hariharpur (50 percent).  Relatively high application of  
manure per gross cropped hectare (1,980 kg) suggests how intensely marginal and small-scale farmers  
use this resource. 
 
 The shares of dung cake consumed as fuel by poor and very poor families, however, are far less   
than their shares of animals.  Shares consumed by upper income families exceed their share of animals.   
The high 24 percent of dung cakes purchases is evidence of substantial dung cake sales by landless 
families to upper income families.  Collection of fuelwood from non-owned sources is common (28  
percent) and evidently helps small farmers retain significant amounts of dung for use as manure. 
 
 These indicated actions by different resource holders in Hariharpur offer a basis for re-examining   
the fuelwood situation.  Fuelwood's substantial share in fuel consumer by upper income groups, its high 
market price (Rs. 22 per 100 kg), and the high percentage of families purchasing fuelwood (19 percent) 
indicate demand pressure on this limited resource.  One scarcity indicator, the 2.4:1 fuelwood/dung cake 
price ratio, is far above the 1.6:1 approximate energy equivalent value of 1 kg of fuelwood compared to 
1 kg of dung cake.  Not only is wood as a fuel extremely scarce, but also these figures may reflect 
preference of upper income groups for fuelwood, which reinforces its overall scarcity. 
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      This diagnosis has these implications: 
 
      1. Afforestation is sorely needed.  An assessment is recommended of possible use of underutilized    
 and flood-prone land.  An interdisciplinary team made up of forest, soil, water management, and 
 animal husbandry specialists should work with the community to find out if such land could be 
 utilized   successfully. 
 
      2.  This assessment would need to determine whether such land is currently used for grazing the  
 large number of animals held by landless and small farm families.  If so, new institutional 
 arrangements   would be needed to select and manage species suited to these lands to increase 
 both fodder and fuelwood production. 
 
      3.   Hariharpur agriculturalists, especially those with small holdings, place high value on the use of  
 dung as manure.  Therefore, dung might be replaced as fuel by appropriately sized biogas 
 systems with the residual slurry being used as manure. 
 
      4. Assessment of new means of organizing energy technologies must take into account the large  
 family size (12 to 16 members) of upper income groups in Hariharpur.  Like other groups, this  
 segment of the population evidently needs resource and employment development opportunities, 
 but in activities that reduce, not widen, existing segmented structures in the village. 
 
 In Hazipur, no large landholding families were reported.  Low energy consumption in Hazipur   
is associated with an extremely limited land resource base (Agrawal, 1981).  Landless workers make up  
34 percent of sampled families.  Marginal holdings account for 49 percent of agricultural land, small   
holdings the rest.  Animal distribution, however, is less unequal than land distribution.  Laborers and  
farmers with fewer than two hectares hold 67 percent of animals, on 49 percent of farm land.  Dung   
cake consumption for fuel by these families, about 45 percent of the total, is substantially less than their   
share of animals.  An interesting pattern emerges.  To gain cash income, 32 percent of the dung 
produced is sold for compost and 11 percent for dung cakes.  Natural vegetation (green plants) accounts 
for 29 percent of total fuel consumption.  At this low level of fuel use, natural vegetation takes on an 
implicitly positive value, equivalent to the cash value of dung which it replaces as fuel, less the 
difference in whatever value is ascribed to collection times for these two biomass materials. 
 
Valuing Animal, Biomass, and Land Resources 
 
 In several of the villages described, cattle are held more equitably than land.  In those cases, as 
V.S. Vyas has observed, distribution of a mobile farm resource (livestock) tends to be more equal than   
that of land.  Mobile resources apparently offer development opportunities that warrant special attention.  
Thus energy input and output characteristics of livestock are particularly important. 
 
 A forthcoming technical paper by one of the Energy for Rural Development team addresses the  
problems of identifying and controlling the factors that form a basis for valuing dung used as manure  
(Foster, 1983).  In this analysis, the average physical product of manure is the proxy measure that 
appears most relevant 
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to the farmer's actual situation.*  From experiments conducted over a 13-year period in West Bengal,   
India, where rice was grown on laterite sandy-loam alkalite soils, a proxy value for manure of 
approximately Rs. 20 per 100kg (1980 prices) was estimated at an application rate of 6,500 kg/ha. This 
value cannot be strictly compared to manure prices cited in Table 2 because (a) the effect of soil and  
rice varietal differences cannot be ascertained and (b) the experimental manure application rate was  
more than three times the average of the village (Hariharpur) with the highest average manure use per 
hectare.  Nevertheless, the proxy value of twice the market price of the limited proportion of manure 
purchased indicates strongly that this basic resource is being undervalued.  On-farm research, while 
difficult to organize, appears essential to obtain a more reliable set of values for dung in its alternative 
uses. 
 
 Estimation and valuation of crop residues in their competing uses as fodder, fuel, pulp, and   
building material are also very area-specific.  Energy values for a variety of these materials were  
obtained in a Thailand study (Arnold and deLucia, 1982).  Assigning proxy values was not attempted,   
however.  Zero opportunity costs for crop residues have been assumed in a number of studies to 
illustrate methods of resource and project appraisal (Halse, 1979; Meta Systems, 1980).  Only if these  
residues are found to be indeed surplus in a particular area or community, can the feasibility of their   
proposed fodder or energy use be assumed.  
 
 Energy densities of biomass fuels are low, though varying, so proximity to supply is important.   
Transport cost is high compared to energy value.  Availability and allocation of the work time of family 
members to collect these fuels can limit their use.  Values placed by family members on work   time are 
part of the value built into forms and quantities of biomass, whether collected for their own use of 
exchanged through the price mechanism.  Perceptions of value lead to the question, "In a particular 
place and particular season, which fuel or biomass resource sets the opportunity cost against which a 
new or substitute fuel or technology must compete to be viable?" 
 
Rural Energy Systems Research and Development 
 
 These brief examples show that rural energy systems assessment, planning, and development is a 
young art, especially compared with Farming Systems Research and Development (FSR&D).  Yet both 
have the same characteristics:  farm family based, problem solving, comprehensive, interdisciplinary, 
complementary, interactive, dynamic, and responsible to society (Shaner et al).  In addition, rural energy 
assessment and organization are community based and situational. 
 
  The criterion of acceptance by the whole farm family as the key measure of success in FSR&D  
(Shaner et al) applies also in rural energy systems research and development, but the need for and 
success of energy systems often arise at the scale of the neighborhood or entire village.  The community   
group or entity 
 
 
* Value of marginal physical product is the relevant measure for a farmer's decision, but marginal data   
for the relevant rates of manure application are not available.  Average physical product of manure is  
estimated from those few crop experiments that have been conducted over several years, comparing  
crop outputs on plots with specified applications of manure to control plots without manure.  Then the 
difference in crop yield is valued at market price. 
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is therefore a principal base of local energy planning research.  Landless and marginal farm families,   
especially, are important constituents of rural energy research and organization.  
 
 The community is viewed as a starting base for research and planning, not as a limiting boundary 
(Vayda, Colfer, and Brotokusumo, 1980).  Rural energy systems research and development starts on the 
farm, in the farm household, and in the community and reaches out laterally, influenced by agroclimatic, 
scale, and social factors and opportunities pertinent to the concerned energy end uses, sources, and 
forms.  It is multi-centered or poly-centered, and extensive. 
 
 As a young art, we should not claim too many attributes.  But the learning experience in 
Chgoprak suggests that rural energy assessment and organization may aspire to (1) insure risk, (2) 
reduce uncertainty, and (3) articulate policy. 
 
 First, research within each ecosystem tries to identify those variations in biological productivity, 
such as those associated with site factors and yields of improved fuel wood species, that can be assigned 
some known probability over a meaningful planning horizon.  By identifying a range of probabilities for   
important classes of risk, a basis can be acquired for local invention of institutional arrangements to 
lessen the adverse impacts of risk. 
 
 Then, creativity as well as stress can grow out of ambiguous and potentially discordant 
situations.  One characteristic inherent in social behavior is the ability to guard against how other parties 
may react to prospective changes in resource access or distribution.  This area has been termed "strategic 
uncertainty" (Bromley, 1982).  Local energy planning research seeks paths or organizational    
development drawing together new opportunities for increased productivity and energy efficiency,   
resulting in new value added.  It fosters plus-sum, "win-win" avenues of development and thereby has   
the potential of reducing anxieties derived from strategic uncertainty. 
 
 This emerging art of rural energy assessment and organization also may aspire to articulate   
policies.  In local planning situations, communities are originators of new policies.  Local policy 
innovations reach out spatially over nearby environments, but then may be blocked or distorted by tax,   
price, or resource allocation policies set at regional or national centers.  Researchers working in local,   
situational modes can help translate local policy initiatives and organizing features to persons 
responsible for policy planning in state and national agencies.  This process builds on the 
complementary aspects of Farming Systems Research Development.  Constituents in different sectors 
and regions, having different needs and planning horizons, can then articulate policies that add up to 
new, poly-centered social responsibility. 
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Consumption by Type of Fuel  
 

Village 

 
Population 
(sample) 

Domestic Energy 
Consumption per 
person, monthly 

(Kcal. x103) 

Dungcakes Crop 
residues 

 
Firewood 

(Percentage Kcal.) 

Spring 
plants 

Leaves 
and Twigs 

 
Pattern 1:  Dungcakes, Crop Residues 
 
Naraich 289 267 46 29 19 6 1 
Pindari 863 174 56 35 1 7 0 
 
Pattern 2:  Firewood, Dungcakes 
 
Patharhat 1,394 166 26 3 57 10 3 
 
Pattern 3:  Dungcakes, Firewood 
 
Hariharpur 648 165 50 8 38 3 0 
 
Pattern 4:  Dungcakes, Spring Plants, Firewood 
 
Hazipur 332 113 49 0 22 25 4 

 
 
Source:  Agrawal (1981). 
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TABLE 1 
 

PATTERNS  OF  DOMESTIC  ENERGY  CONUMPTION, 
BY  FUEL  TYPE,  FIVE  UTTAR  PRADESH  VILLAGES 

 
 



Table 2 
VILLAGE  FARMING  SYSTEM  AND  DOMESTIC  FUEL  CONSUMPTION  INDICATORS, 

FIVE UTTAR  PRADESH  VILLAGES 
 

Share of farm 
assets, families 

below 2 ha. 

 
 
 
 

Village 

 
 
 

Population 
(sample) 

Population 
below 

Rs. 2,400 
annual 
family 

income (%) 

Land 
( %) 

Animals 
( %) 

 
Cooking 

fuel 
consumption 
per person 

(103  kcal/mo) 

 
Gross 

cropped 
area 

per person 
(ha) 

 
Irrigated 
to gross 
cropped 

area 
(%) 

 
 

Multiple 
cropping 

index 

 
 

Grain 
production 
per person 

(kg/yr) 

 
Crop 

residue 
output 

per person 
(kg/yr) 

Profile 1:  Dungcakes, Crop Residues 

Naraich 289 22 8 32 267 .48 30 1.04 516 546 
Pindari 863 21 12 31 174 .38 65 1.08 356 413 
 
Profile 2:  Firewood, Dungcakes 

Patharhat 1,394 27 41 71 166 .20 100 1.64 263 170 
 
Profile 3:  Dungcakes, Firewood 

Hariharpur 648 32 19 64 165 .15 38 .99 133 158 
 
Profile 4:  Dungcakes, Spring plants, Firewood 

Hazipur 332 40 49 67 113 .17 93 1.79 241 218 
  

Cattle and Dung Subsystem 
 

Dung Recovery
Share of Dung  

Used as:  

per 
animal 

per 
person 

 
 
 

Village 

Dungcake 
fuel use per 
person (103 

kcal/mo) 

 
Grazing area 
per bovine 
animal (ha) 

 
Cattle 

per 
person 
(No.) 

 
Buffaloes in 

total 
livestock 

(%) 

 
Fodder 

consumption 
per bovine  

(100 kg/yr.) 

 
Milk 

output per 
buffalo 
(kg/yr) (100 kg/yr.) 

Manure 
(%) 

Fuel  
(%) 

Manure per 
gross 

cropped 
hectare 

(100 kg/yr.) 

Profile 1:  Dungcakes, Crop Residues 

Naraich 122 .51 .53 21.2 14.4 208 10.0 5.3 24 75 2.8 
Pindari 98 .70 .31 20.2 20.8 218 16.9 5.2 29 71 4.0 
 
Profile 2:  Firewood, Dungcakes 

Patharhat 43 .02 .22 17.8 32.8 865 17.5 3.9 56 43 10.8 
 
Profile 3: Dungcakes, Firewood 

Hariharpur 83 .07 .33 22.7 39.0 1,060 21.0 6.9 42 401 19.8 
 
Profile 4:  Dungcakes, Sprin;g plants, Firewood 

 
Hazipur 56 0 .34 30.0 44.8 1,465 23.3 7.9 29 282 13.4 

1Nine percent used in biogas plant, 7 percent sold as compost, 2 percent sold as dungcake. 
2Thirty-two percent sold as compost, 11 percent sold as dungcake. 
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Table 2 (Continued) 

 
 

 
Fuel Consumption

Per Person 

 
Fuelwood Subsystem 

 
Monetized Exchange Subsystem 

Crop 
residues 

Spring 
plants 

 
Trees Owned 

Percentage of 
production marketed 

 
Price Ratios 

 
 
 

Village 

(103 kcal/mo) 

Fuelwood 
consumption 
per person 

103 kcal/mo) 
per farm 

family (No.) 

 

per 
hectare 
(No.) 

Grain  
(%) 

Milk  
(%) 

Dungcakes 
purchased 

(%) 

Families 
purchasing 
fuelwood 

(%) 
dungcake/ 

manure 
(Pd/Pm) 

fuelwood/ 
dungcake 

(Pf/Pd) 
 
Profile 1:  Dungcakes, Crop Residues 
 
Naraich 78 16 48 2.5 .5 42 0 17 3 1.33 1.69 
Pindari 61 12 2 1.8 .4 39 45 3 0 1.50 1.79 
 
Profile 2:  Firewood, Dungcakes 
 
Patharhat 6 17 96 4.9 4.4 26 58 7 3 1.25 2.00 
 
Profile 3:  Dungcakes, Firewood 
 
Hariharpur 14 4 63 1.2 .4 11 52 4 19 1.29 2.44 
 
Profile 4:  Dungcakes, Spring plants, Firewood 
 
Hazipur 0 29 24 5.4 4.0 19 75 18 2 1.10 2.00 

 

    Source:  ERD based on Agrawal (1981). 
    Note:  At assumed efficiencies, technical rate of substitution fuelwood for dung = 1.64 
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