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SYMPOSIUM AGENDA 
 

Sunday, October 30 
 
   5:00-  7:00  pm   -  Registration, University Ramada Inn 
   8:00-  9:30  pm   -  No-Host Reception, University Ramada Inn 
 
Monday, October 31 
 
   8:00-  8:45  am   -  Registration, Coffee and Donuts, K-State Union 
   8:45- 10:20  am   -  INTRODUCTION TO FSR 

   Vernon Larson, Director, International     
  Agricultural Programs, Kansas State University  

   8:45-  9:00  am   -  Welcome - Owen Koeppe, Provost, Kansas State 
  University 

   9:00-  9:40  am   -  "Overview of Farming Systems Research and      
  Development: Origins, Applications and Issues" 
  John S. Caldwell, Virginia Polytechnic Institute 
  and State University 

   9:40- 10:00  am   -  "Project Update: Farming Systems Support    
  Project" Chris Andrew, Farming Systems Support 
  Project, University of Florida 

  10:00- 10:20  am   -  "FSSP Livestock Task Force Update" 
   Jim Oxley, Colorado State University 

  10:20- 10:45  am   -  Coffee Break  
  10:45- 12:00  am   -  DEVELOPMENT OF FSR PROGRAMS 

   Gerald Wilde, Entomology, Kansas State       
  University  

  10:45- 11:05  am   -  "Integrating Crops and Livestock Research at  
  IRRI" Ed Price, IRRI 

  11:05- 11:30  am   -  "Farming Systems Research Networks in Selected   
  Countries of Latin America" 
  N. Mateo, H. H. Li-Pun, IDRC, Bogota, Colombia  

  11:30- 12:00  am   -  "The Economics of Agricultural Mechanization:   
  Animal Traction in Upper Volta" 
   Bill Jaeger, Food Research Institute, Stanford   
  University  

  12:00-  1:15  pm   -  luncheon: Ballroom 
   Address: "Nutrition in FSR/E" 
   Meredith Smith, Foods & Nutrition, Kansas State    
  University 

   1:30-  2:45  pm   -  Symposium Session: "METHODOLOGICAL ISSUES IN   
  FSR/E" Charles Bussing, Geography, Kansas State 
  University, Moderator  

     -  Participants: 
    Chris Bartlett, USAID, Jakarta, Indonesia 
        "A Problem-Solving Farming Systems Research    
        Method - With An Application to Project     
        Identification in India" 
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   Pat Garret, Cornell University 
   “Recommendation Domain to Recommendation” 
   Clive Lighroot, Reading University, England 
   “Increasing the Efficiency of On-Farm      
  Experiments” 
   Lorna Michael Rutler, Washington State University 
   “Putting FSR Data Collection in Perspective: 
   Practicalities and Realities” 

   2:45-  3:15  pm   -  Coffee Break 
   3:15-  5:00  pm   -  ANIMALS & THE HOUSEHOLD IN THE FARMING SYSTEM 

   Janet Benson, Anthropology, Kansas State     
  University 

   3:35-  3:35  pm   -  “Linking Animals to Household and Cropping    
  Systems” Joseph C. Madamba, Director, Southeast  
  Asian Regional Center for Graduate Study and  
  Research in Agriculture 

   3:35-  3:55  pm   -  “Backyard Animal Production in the Humid    
  Tropics” John Bishop, USAID 

   3:55-  4:15  pm   -  “Nutritional Strategies and Farming Systems  
  Research in Southern Honduras: The International  
  Sorghum and Millet Project” 
   Kathleen M. DeWalt, University of Kentucky 

   4:15-  4:35  pm   -  “The Impact of Wage Labor Migration on Livestock  
  and Crop Production in African Farming Systems” 
   Carol Kerven, Odessa, Florida 

   4:35-  4:55  pm   -  “An Analysis of the Decision-Making Processes  
  for Management and Marketing of Livestock in 
  Tanzania” G.M. Sullivan, Auburn University 

   5:00-  7:00  pm   -  Dinner on your own 
  Librarians’ dinner – Ramada Inn 

   7:00-  8:30  pm   -  Keynote Session: Forum Hall 
   John Dunbar, Dean of Agriculture & Director,    
  Agricultural Experiment Station, Kansas State 
  University, Presiding 
   “The Current State of the Art of Animals in   
  Farming Systems Research and Extension” 
   Hank Fitzhugh, R. Bernsten, and H. Knipscheer,  
  Winrock International 

   8:30- 10:00  pm   -  No-Host Reception, University Ramada Inn 
 
Tuesday, November 1 
 
   8:30- 10:00  am   -  FARMING SYSTEMS CASE STUDIES 

   Duane Nellis, Geography, Kansas State University 
   8:30-  9:15  am   -  “On-Farm Animal Traction Research: Experiences   

  of ILCA’s Highlands Programme in Ethiopia” 
   Guido Gryseels and Frank Anderson, ILCA, Ethiopia 
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   9:15- 10:00  am   -  "Farming Systems Research in a Watershed    
  Framework - Experience Relative to Vertisol  
  Management in Semi-Arid Tropical India" 
  K.L. Srivastava and S.M. Virmani, ICRISAT, India  

  10:00- 10:30  am   -  Coffee Break 
  10:30- 12:00  am   -  FSR CASE STUDIES (cont'd) 

   Martin Ottenheimer, Anthropology, Kansas State   
  University 

  10:30- 11:15  am   -  "The North Florida FSR/E Project" 
   Mickey Swisher, Florida Cooperative Extension   
  Service 

  10:15- 12:00  pm   -  "Gambia Mixed Farming and Resource Management  
   Project" 
   Jerry Eckert and Baboucar Gai, Colorado State   
  University 

  12:00-  1:00  pm   -  Luncheon Buffet: Ballroom 
   1:00-  2:30  pm   -  Symposium Session: "ROLE OF EXTENSION IN FARMING  

  SYSTEMS RESEARCH PROGRAMS" 
   Earl Kellogg, University of Illinois, Moderator 

 -  Participants 
  Sam H. Johnson, University of Illinois 
   Mickey Swisher, University of Florida 
   Bob Butler, Washington State University  
   Lynn Compton, Cornell University 

   2:30-  3:00  pm   -  Coffee Break 
   3:00-  5:00  pm   -  APPROACHES TO ANALYZING ANIMALS IN FARMING     

  SYSTEMS John Wheat, Animal Science & Industry, 
  Kansas State University 

   3:00-  3:30  pm   -  "Confined vs. Non-confined Animal Raising Within  
  the Farming System" 
   Joseph Conrad, University of Florida 

   3:30-  4:00  pm   -  "Use of FSR/E Approach in Designing Livestock  
  Projects for Mixed Farming Systems in Northeast   
  Thailand" 
   James R. Simpson, University of Florida, and John  
  De Boer, Winrock International 

   4:00-  4:30  pm   -  "Farming Systems Research and Development     
  for Extensive Livestock Systems in Semi-Arid 
  Africa" 
   D.D. Dwyer, R.H. Cook, W.T. Bunderson, B.    
  Fadlalla, Khartoom/USAID, and Jim Henson,     
  Washington State University  

   4:30-  5:00  pm   -  "Measuring the Efficiency of FSR" 
   Juan Carlos Martinez, CIMMYT, Mexico  

   5:00-  6:30  pm   -  MSTAT Presentations: Rm. 208, K-State Union 
  Virgil Smail, Michigan State University 

   6:30-  8:00  pm   -  Banquet: Ballroom 
   Van Withee, Agronomy, Kansas State University  
  Presiding 
   Banquet Address: "Women, Animals and Farming  
  Systems" 
   Jocelyn Albert, USAID 
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WEDNESDAY, NOVEMBER 2 
 
   8:00-  9:45  am   -   ASSESSING FSR IMPACTS 

    Jan Flora, Sociology, Kansas State University  
   8:00-  8:25  am   -   "Assessing Adoption of Technology Among Small  

   Farmers" 
   German Escobar, J. Henao and M. Schenk, CATIE,  
   Costa Rica 

   8:25-  8:50  am   -   "Measuring the Benefits of Subsistence vs.  
   Commercial Livestock Production" 
   Roy Behnke, Odessa, Florida  

   8:50-  9:15  am   -   "Identifying Farm Constraints and Evaluating 
   New Technology in the Purdue Farming Systems  
   Project in Upper Volta" 
    Mahlon Lang, Ron Cantrell and John Sanders,   
   Purdue University 

   9:15-  9:45  am   -   "Animals in a Farming System in North Kordofan,  
   Sudan: Integrating Short-Term and Long-Term  
   Perspectives in FSR Approaches" 
    Tim Frankenberger, Ed Reeves and C. Milton  
   Coughenour, University of Kentucky 

   9:45-  10:15  am  -   Coffee Break 
  10:15-  11:55  am  -   ANIMALS AND FARMING SYSTEMS: THE PRODUCTION  

   PROCESS 
    L.H. Harbers, Animal Science & Industry, Kansas   
   State University 

  10:15-  10:40  am  -   "A Process to Design Farming Systems Projects:  
   A Case Study from the Eastern Caribbean" 
    Calixte George, Caribbean Agricultural Research  
   and Development Institute, Robert Hart, Winrock    
     International 

  10:40-  11:05  am  -   "A Farm Systems Approach to Livestock Grazing 
   on Forested Land in the Southern United States" 
    Evert K. Byington, Winrock International 

  11:05-  11:30  am  -   "Cropping Systems Research Directed Toward  
   Improving Livestock Production" 
    S.L. Russo, R.D. Hart, J.F.M. Onim and H.A.   
   Fitzhugh, Winrock International 

  11:30-  11:55  am  -   "First Experiences with Farmer Managed Forage  
   and Sheep Grazing Trials"  
    Euan Thomson, ICARDA, Syria 

  12:00-   1:00  pm  -   Luncheon: Ballroom 
    Vernon Larson, Director, International     
     Agricultural Programs, Kansas State University,   
     Presiding Address: "BIFAD and International  
     Agricultural Development" 
   Duane Acker, President, Kansas State University 

   1:00-   2:00  pm   -  ISSUES IN FARMING SYSTEMS RESEARCH AND     
   EXTENSION 
   Concurrent Sessions I: All sessions in K-State   
   Union
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   Rm. 202 
   "Designing and Adapting Communication Technology   
  Within a Farming Systems Research Approach"  
   James H. Bemis, Jr., Winrock International 
 
   Rm. 203 
   "Is FSR Publishable / Cumulative?"  
   Rex Campbell, University of Missouri 
 
   Rm. 204 
   "Design and Evaluation of Existing and National   
  Technologies for Adoption by Small Farmers: An  
  Example from the Philippines"  
   James Chapman, IICA 
 
   Rm. 205 
   "Problems in Designing, Implementing & Evaluating  
  Extension Programs for Transitional Targets: An  
  Example from Thailand"  
   Neal Walker, University of Tennessee 
 
   Rm. 206 
   "People and Resources: A Research Methodology"  
   Ron Krupicka, Center for Rural Affairs, Nebraska 
 
   Rm. 207 
   "FSR/Experiences in the Design of Alternatives in   
   a Dual Purpose Cattle Production System in     
  Bugaba, Panama" 
   Michael Sands, Victor Mares, Miguel Sarmiento and 
   Luis Hertentains, IDIAP/CATIE  
 
   Rm. 208 
   "Trends in the Amount and Quality of Lesotho    
  Mohair Sales and Some Implications Concerning  
  Economic Incentives to Mohair Producers"  
   Peter Wyeth, FSR/Lesotho 
 
   Rm. 212 
   "Intensive Livestock Activities in Africa: A    
  Selective Review" 
   Kenneth H. Shapiro, University of Wisconsin 
 
   Rm. 213 
   "Men & Women: Participants in a Stall Feeder    
   Livestock Program in Malawi" 
   Anita Spring, University of Florida 
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   Council Chamber 
 "Small-Scale Food Production and Kitchen       

Gardens: Analysis of Patterns and Programs        
with an Emphasis on Peru" 

   Vera Rhoades, Lima, Peru 
 
   2:00-  2:30  pm   -  Coffee Break 
 
   2:30-  3:30  pm   -  ISSUES IN FARMING SYSTEMS RESEARCH AND EXTENSION   

Concurrent Sessions II: All Sessions in the    
K-State Union 

 
   Rm. 202 

    "Importance of Animal and Forage Sources Within a 
Rice Cropping System: Case Study from Northern 
Luzon, Philippines" 

    Larry Pauling and Louis Grivetti, University of 
California 

 
   Rm. 203 

    "Incorporation of FSR/E in the International 
Agricultural Research Centers" Edmund K.      
Oasa, University of Kentucky 

 
    Rm. 204 
    "Cow-Calf vs. Stocker Operations: An 

Identification of Beef Cattle Systems in      
North Florida" 
David Zimet, University of Florida 

 
    Rm. 205 
 "Goals of the Farming Systems: Input of        

Farmers vs. Researcher" 
   Willie L. Baber, Purdue University 
 

 Rm. 206 
  "Animals and the Cropping System in the       

Communal Areas of Zimbabwe" 
   Enos M. Shumba, Agronomy Institute, Zimbabwe 
 

    Rm. 207 
  "A Realistic Look at Livestock Research and     

Development in Lesotho" Earle W. Klosterman,     
FSR/Lesotho 

 
    Rm. 208 
 "Aquaculture as a Farming System: Potential    

and Limitations" 
    Joseph J. Molnar, L.U. Hatch, R.P. Phelps,       

and G.M. Sullivan, Auburn University 
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   Rm. 212 
   "Farming Systems Contribution to Small Farm   

Irrigation" 
 R.L. Tinsley and M. Meleha, Egypt Water Use  and 

Management Project, Cairo 
 
 Rm. 213 
 "The Animal as Pest in FS: Socioeconomic 
 Perspectives" 
 Robert E. Rhoades, Lima, Peru  
 
 Council Chamber 
 "Some Human Constraints to the Integration of 
 Crops and Livestock in the Farming Systems of 
 a Matrilineal Community: A Ghanaian Experience" 
 Kofi Akwabi-Ameyaw, University of Florida 
 

  3:30-  4:00  pm   -  WRAP-UP SESSION: NEXT STEPS - Little Theatre 
 Cornelia Butler Flora, Sociology & Program 
 Leader, FSSP, Kansas State University 
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INTRODUCTION 
 

The great power and attractiveness of Farming Systems Research as an 
analytical tool is demonstrated in the 1983 Symposium. The number of 
papers is over three times that of the last Symposium. More of the papers 
represent on going field studies. While there is no consensus over the 
precise methodology of Farming Systems Research and Extension, 
practitioners are fielding a variety of projects, whose successes and 
problems in implementation in specific situations need to be syste-
matically compared. 
 

There is not one emergent methodology demonstrated, nor should there 
be, given the wide variety of circumstances in which Farming Systems 
Research and Extension must be applied. But there is agreement among 
Farming Systems practitioners that the important activity involves doing 
the research and extension in the field rather than debating the fine 
points of the definition or operationalization. 
 

The Proceedings have been broken down into six sections. The first 
is an overview of the current situation of farming systems research, 
addressing how it has developed related to different kinds of farming 
systems, particularly those involving animals in different areas of the 
world. In the second section, case studies are presented describing in-
process, on-farm farming systems projects. The third section deals with 
pan-family structural issues in FSR/E. These papers address the complexity 
of analysis and implementation that occur when the unit of analysis is not 
the farm and farm family, but larger units, either formal or informal, 
such as villages, water sheds or common grazing lands. The fourth section 
presents methodological issues in FSR/E. The fifth section deals with 
specific aspects of the farming system examined in detail. The sixth 
section deals with methodological issues in FSR/E. The final section deals 
specifically with extension problems and experiences in implementing FSR/E 
in field situations. 
 
I. Overview of the Current State of the Art in FSR/E 

 
The proceedings begin with "An Overview of Farming Systems Research 

and Development: Origins, Applications and Issues", by John S. Caldwell. 
Caldwell sets FSR/E in historical perspective, explaining some of its 
successes and the reasons for its development at this point in history. 
 

The paper is followed by "The State of Farming Systems and the 
Farming Systems Support Project", by Chris O. Andrew, who is the Project 
Director of the Farming Systems Support Project, funded by the United 
States Agency for International Development. Farming systems research and 
extension has now become institutionalized within the United States 
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development community to the point that official networking activities 
involving technical assistance, networking, information and training have 
been officially established involving a growing number of support entities 
throughout the United States with firm linkages to other countries. The 
rationale behind the project and its strategy for development is 
presented. 
 

R.H. Bernsten, H.A. Fitzhugh and H.C. Knipscheer provide an overview 
of "Livestock in Farming Systems Research". They point out the importance 
of livestock to agricultural development and the necessity for considering 
livestock systems, particularly mixed livestock cropping systems. They 
show where projects involving livestock in FSR/E have developed around the 
world and how regional networks for these projects are now in place in 
Asia, Africa and Latin America. They stress the multiplicity of the roles 
of livestock in the farming system, not only for income through production 
of milk, meat, hair or hides, but through their provision of draft power, 
fuel, savings and fertilizer for crops. They stress that particularly with 
limited resource third world farmers, it is absolutely crucial to consider 
livestock, large and small, in FSR/E. 
 

Nicolas Mateo and H.H. Li-Pun introduce "Farming Systems Research 
Networks in Selected Countries of Latin America", discussing the 
International Development Research Centre of Canada based in Bogota, 
Colombia. Working with national research institutions, several important 
networks have emerged within the Latin American situation. The Andean 
Crops Network has the twin goals of preserving native germplasm and 
understanding the complex Andean farming systems as a basis for improving 
those systems. The Animal Production Systems Network is based in Central 
America, although some South American countries are also involved. This 
group is dealing with the complex problems of on-farm research in animal-
based farming systems, particularly the small sample sizes involved with 
animal versus plant on-farm research and the vagaries of within-farm 
variation. 
 

"Integrating Crops and Livestock and Livestock Research at IRRI" by 
Edwin Price and Venancio Acebedo shows how IRRI supports crop livestock 
research through the Asian Farming Systems Network. Although in the past 
IRRI has been a leader in rice-based farming systems, the recognition of 
the importance of animals in these farming systems, particularly for draft 
power, motivated IRRI and many of the countries involved in the Asian 
Farming Systems Network to participate in the new research effort. Since 
timely plowing was a crucial variable in instituting the recommended new 
cropping systems, and since plowing was limited by the availability of 
draft power, which was in turn limited by available feed, the research to 
date by the Asian Farming Systems Network suggests that emphasis on 
provision of feed for draft animals will be crucial. This in turn competes 
with other crops within the cropping system and requires a series of 
important iterations to determine the appropriate cropping mix to support 
adequate livestock for increased productivity. 
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Joseph Madamba of the Southeast Asia Regional Center for Graduate 

Study and Research in Agriculture based in the Philippines discusses 
"Linking Animals to Household and Cropping Systems". He notes the 
increasing recognition of the merit of multi-commodity farming, which is 
the essence of limited resource farming systems, and the need to develop 
systematic ways of analyzing the role of livestock in these multi-
commodity systems. He shows the problem is not only at the research level, 
but at the policy level. He sees the need for dealing with community 
development projects at the same time farming systems projects are being 
promoted. For success to occur, strong farmers' organizations are 
necessary, both to define constraints, generate technology acceptance and 
assure marketing potentials and support for the new farming systems. 
Madamba concludes that a farming systems approach is necessary but not 
sufficient for increasing agricultural productivity in Southeast Asia. 
 

Frank M. Anderson presents "An Overview of ILCA's (International 
Livestock Centre for Africa) Animal Traction Research in Ethiopia". He 
shows that in African farming systems animals provide draft power for 
cultivation and threshing, manure for household fuel, and an investment 
that can be readily turned into cash, providing an important form of 
savings. Milk provides nutritional and cash income, while hides can be 
used domestically and sold. As a result of the key role of cattle in 
African farming systems, ILCA has focused on cattle as a source of animal 
traction. He points to the importance of looking at the linkages between 
crop and animal systems, as it is easy to define crop and animal systems 
as competing for limited land resources within the developing country 
situations. Only with systematic analysis and planning can this balance be 
directed through farming systems research and extension. This balance in 
planning cannot be successful, Anderson stresses, without the systematic 
participation of the farm families themselves. 
 
II. Case Studies 

 
With a growing number of farming systems teams taking their 

recommendations for specific kinds of farm families to test on farmers' 
fields under farmers' conditions in order to reassess and readjust their 
recommendations, a growing case study literature is emerging. The case 
studies make clear the need for establishing farm family goals when 
attempting recommendations for on-farm trials. The assumption that farmers 
are aiming for the highest income is not borne out, particularly in the 
African cases where family food availability is the major demand 
engendered in terms of crop agriculture. In these cases, cash is generally 
derived through off-farm male migration. The complexity of the farming 
system where labor is a major constraint, agriculture labor is provided 
primarily by women and children and storage issues are as important as 
yield issues, makes recommendations and evaluation of on-farm trials more 
difficult and more straight forward cash economy farming situations. 
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Mahlon Lang, Ron Cantrell and John H. Sanders, in "Identifying Farm 
Level Constraints and Evaluating New Technology in the Purdue Farming 
Systems Project in Upper Volta" demonstrate that dealing with rainfed 
agriculture in areas of great moisture variability requires attention to a 
variety of cultural practices that in turn changes the constraints. For 
example, in Upper Volta it was found that by instituting tied ridges to 
conserve water, soil fertility becomes a constraint. Once soil fertility 
was dealt with through fertilization, the type of sorghum which had been 
selected for yield stability under stress conditions became a constraint, 
calling for a return to the Experiment Station and sorghum breeding or 
adaptation to these new conditions. Implicit in this analysis is a need 
for structures to be in place to provide the fertilizer at appropriate 
periods. 
 

The difficulties of determining what the appropriate dependent 
variable in on-farm trials might be is shown by Michael Sands, Victor 
Mares, Miguel Sarmiento and Luis Hertentains in "FSR/E Experiences in the 
Design of Alternatives in a Dual Purpose Cattle Production System in 
Bugaba, Panama". They determined that individual farmers may vary on the 
relative values they give to meat and milk production, as the authors 
analyzed a dual purpose cattle component of a mixed farming system. By 
looking at farmers' goals and objectives, they found that the most 
acceptable components of alternatives involved reserving special pastures 
for calves, mineralized salts and health packages. Supplementation of cows 
and fertilization of pastures were less acceptable. Larger system 
constraints that might cause fluctuations in the availability of inputs, 
including the price of purchased inputs, make farmers hesitant to adopt 
such inputs when they are required to be seasonally available. 
 

Livestock was a part of all the case studies involved, although 
least directly examined in the case of Upper Volta, where cropping of 
cereal grains and potentially legumes was the major agricultural activity. 
However, livestock served as an important banking resource for farmers in 
hard times. Case studies in Kenya, Syria and Panama all attempted to deal 
with the problems of forage or feed for animals. Particularly in the Kenya 
case reported by Sandra Russo, Robert D. Hart, J. F. Moses Onim and Henry 
A. Fitzhugh in "Cropping Systems Directed Toward Improving Livestock 
Production", the potential competition between feed for livestock and food 
for humans was a major concern. 
 

In the animal cases, the importance of farmer's goals in terms of 
defining on-farm trials was particularly important. For example, in the 
"First Experiences with Joint Managed Forage and Grazing Trials", reported 
by Euan F. Thomson in Syria, the initial on-farm trials looking 
particularly at varieties of forage focused on lambing rate as an 
indicator of success. After the first year of on-farm trials, however, 
they found this was not particularly meaningful to farmers. Thus the 
project shifted to include milk production of the ewes before, during and 
after grazing the crops as an indicator more appropriate to farm families' 
perceived needs. All the on-farm trials which he reported as 
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a part of ongoing farming systems projects show the dialectic process of 
on-farm trials to adjust recommendations that then go back to the farmer's 
field as recommendations. This iterative process is crucial to the 
learning of the total system that the scientist and farmer have undergone. 
In all cases, linkages with the Experiment Station, both in terms of 
recommendations for further research as well as sources of existing 
technology, are shown to be crucial. 
 

"The North Florida Farming Systems Project" reported by M.E. 
Swisher, E.C. French, J. Dean and P.E. Hildebrand also looked at the 
farming system from the perceived farmer need of a high-quality, low cost 
forage and an alternative to corn for feed grains that would be less 
problematic than corn in the Florida setting. They demonstrate how it is 
possible to integrate several components - swine, cattle and crop 
production - in a single unified research and extension effort. In the 
Florida project, as well as implicitly in the others, the authors 
demonstrate how using the wrong method to identify the farmer's goals - or 
in joining these goals all together - can lead to recommendations that 
will not be adopted. They show that the strength of a farming systems 
approach is in the interaction between farmer's goal identification and 
constraint identification to suggest something that will be both 
technologically satisfactory and socioeconomically acceptable. 
 

In the case of Kenya, Upper Volta and North Florida, the necessity 
of identifying the labor constraints by gender and age were shown to be 
crucial, since off-farm employment was an important part of those farming 
systems. Off-farm employment appeared to be less of a constraint in the 
Syrian and Panamanian cases. Clearly cultural setting and link of the 
farming system into local, regional and international labor markets is 
important in understanding labor constraints, 
 
III. Pan-Family Structures Impacting FSR/E 
 

Tim Frankenberger, Edward Reeves and Milton Coughenour examine the 
issues and dilemmas of "Animals in a Farming System in North Kordofan, 
Sudan: Integrating Short-Term and Long-Term Perspectives in FSR 
Approaches". They point out that what Is in the farmer's short term 
benefits, which is increased animal husbandry, has long term detrimental 
consequences in terms of desertification of the area through overgrazing. 
Further, while crop production takes place on individually controlled 
land, grazing takes place on communal land. Thus the organizational 
question of a long-term sustainable farming system that at the same time 
meets farmers' short-term needs is complicated by the need to take into 
account the variety of levels of organization that all must be involved in 
a farming systems approach to problem solutions. Thus, decision making 
units outside of the household, or the lack of any decision making units 
for particular areas, compounds the problem of farming systems research 
and extension. Problems in the Sudan are complicated by the interactions 
of nomadic herders and settled groups 
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and the separation of ownership from the use of cattle. The importance of 
livestock of all kinds as a source of emergency cash makes it particularly 
difficult to bring forth non-livestock oriented programs in order to 
counteract the detrimental environmental effects of the livestock 
investment. Frankenberger, et. al., point out that the FSR approach as it 
is currently structured is insufficient for dealing with the dilemma 
proposed by livestock rearing because it focuses mainly on household. 
Interventions have to be pan household oriented. However, microlevel-form 
household interventions will prove one step if larger policy issues are 
addressed. 
 

R.H. Cook, W.T. Bunderson, B. Fadlalla, D.D. Dwyer, J.B. Henson, and 
J.C. Noel examine an "Application of Farming Systems Research and 
Development to an Extensive, Sedentary Livestock Production System in 
Southern Kordofan Sudan". They contrast the sedentary livestock production 
system they are looking at to extensive pastoral systems and how extensive 
such systems can be transformed into intensive systems of livestock 
production. In the system they are looking at, it is crucial to improve 
range and forage resources for the livestock, although utilization of crop 
residues are also important for animal nutrition. They make clear that 
previous livestock production schemes in Africa have failed because they 
were firmly embedded in western ideals, focusing on commodity and applied 
research. A farming systems approach, which allows focus on process and 
dynamics of the ecological, biological and socio-economic components of 
the system, is superior in their experience to more traditional 
approaches. In identification of production constraints, they point to the 
importance of developing close, ongoing relationships with cooperating 
individuals, who are the sedentary farm families with mixed crop and 
animal systems that the project wishes to involve. A key constraint to 
improved animal production in the area was poor animal nutrition in the 
dry season, which is related to rangeland deterioration, inefficient 
resource utilization, and low water availability. The recommended 
technology includes introduction of forage legumes, conservation of 
natural forage, use of crop residues, and the introduction of animal 
traction. These recommendations influence not only the land the farmers 
control for crops, but on common lands that have systematically been over 
used. The recommendations are not only for individual farmers, but become 
policy recommendations to impact the entire region. The success of their 
recommendations, or even their implementation, has yet to be observed. 
They stress the need of a long term framework in order to evaluate the 
farming systems approach in addressing these problems. 
 

Evert K. Byington presents "A Farm Systems Approach to Silvopastoral 
Agroforestry Systems in the Southern United States". In the context of 
massive deforestation and its detrimental ecological implications, there 
is a need for the introduction of programs that both conserve the soil and 
yield income to the participating farmers. Byington's research indicates 
the possibilities in combining forestry 
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with cattle raising. He demonstrates the importance of looking at the 
historical evolution of farming systems in order to understand what can be 
done at a particular point in time. The project attempts to address the 
structural and functional relationships between southern farms and forest 
management. The southern agricultural system is then analyzed as a whole 
in terms of the possibilities of improving farm forest management, taking 
into account multiple production goals. Farming systems research was 
important in this project in identification and development of options to 
capture opportunities and eliminate constraints and in on-farm evaluations 
of the options selected. A systems approach is necessary for this kind of 
project, because the characteristics of the system are not simply the sum 
of the individual parts, but dependent of the interactions and emerging 
characteristics that stem from them. Early research results indicate that 
there are many gaps in the technical knowledge needed to implement 
silvopastoral production systems and that there are many socio-economic 
issues affecting implementation of existing technical knowledge. From 
these initial experiences, the author generates some general principles in 
developing silvopastoral farming systems that allow consideration of both 
the technical, managerial and socio-economic constraints and oppor-
tunities. 
 

R.L. Tinsley and M. Meleha examine "Farming Systems Contributions to 
Improving Small Farm Irrigation". Taking the Egypt Water Use and 
Management Project, they identified the area of the project, evaluating 
constraints on the mechanization needed for land leveling as the primary 
place where bottom-up farmer participation would be sought. Irrigation 
planning must be related to the cropping systems in place, as well as the 
social organization of those plans. Further, the water needs of crops 
versus consumptive use are also important. Farm records with farmer 
participation were used to determine aggregate demand for water on a farm 
and community level. This kind of data allowed for shifts in the 
rotational sequence of irrigation. The project required the use of large 
scale machinery to precision level the land, which, the authors argue, 
fits within the farming systems approach, but must be analyzed on the 
community as well as the individual farm basis. The authors posit that one 
can raise the level of analysis from the individual farm to the community 
and productively look at cropping patterns and other system level 
qualities that allow for determining with farmers the appropriate 
interventions and organizing them on a community level. The importance of 
including engineering type interventions as well as agronomic 
interventions was underlined in this research. 
 

K.L. Srivastava, S.M. Virmani and T.S. Walker present "Farming 
Systems Research in a Watershed Framework: Experience Relative to Vertisol 
Management in Semi-Arid Tropical India". The authors contrast an FSR/E 
approach to a watershed management approach, comparing the strengths and 
weaknesses of the two approaches. They recognize the need for larger-than-
farm units, but also the need for local participation. 
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Water management stresses management of physical resources, whereas the 
farming systems research and extension focuses more on biological, 
agronomic, and human constraints. The water management approach is more 
long term and outward directed than is a farming systems approach, which 
has to be based on the short term needs of the farm family. The authors 
argue for a blending of water management and FSR/E in approaching water 
problems in water short areas. They present some case studies and the 
steps required to institute a methodology of watershed management combined 
with a farming systems approach that looked at cropping and livestock and 
irrigation within the system. They conclude that the combined approach 
gives a strengthened probability of project success. They stress the need 
of policy inputs to both approaches, particularly in a watershed 
management approach. They point out that while FSR/E requires 
sophisticated institutional settings, combining FSR/E with a watershed 
management framework requires even more complex institutional governmental 
arrangements. 
 

"Aquaculture as a Farming System: Potentials and Limitations of the 
FSR Approach", is addressed by Joseph Molnar, L. Upton Hatch, Ronald P. 
Phelps, Bryan L. Duncan, and Gregory M. Sullivan. The authors see the 
extent to which a farming systems concept is appropriate for aquaculture 
development. They conclude that in many places in the world aquaculture 
can be an important part of the farming system, in terms both of on-farm 
consumption and cash sales. Aquaculture, however, is often introduced as a 
new system and possibilities for farmer input to modify current practices 
become less. The level of organization -farm, community or other 
cooperative group -- is also an important consideration. Many aquacultural 
activities require some sort of collective management. They tend to be 
successful only when prior cooperative management and local groups are 
already in place. The greatest constraint to technology transfer is then 
social, rather than physical or biological. As in the other cases of pan 
farm projects with a farming systems approach, their review of successful 
aquaculture projects suggests that enthusiastic political support at a 
variety of levels is necessary for final success. Institutions and 
linkages are particularly crucial in going from farm to larger unit. 
 

Gregory M. Sullivan introduces "A Model for Analyzing Livestock 
Management and Marketing in Tanzania", attempting to include 
complementarity and competition between livestock and cropping activities. 
The on-farm complementarity and competition of livestock and crops is in 
turn complicated by the communal grazing aspects and multiple household 
use access to livestock. In establishing the domains for looking at 
existent farming systems and their linkages to communal land, Sullivan 
stresses that not only do some households keep livestock and others do 
not, but there are three categories of households keeping livestock: 1) 
households owning the livestock they keep; 2) households keeping livestock 
owned by another household in the village, and 3) households keeping 
livestock owned by another household outside the village. These 
separations of ownership and management and the differential sale value of 
livestock versus the products supplied by 
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their use make interventions, particularly those oriented toward limited 
grazing lands or livestock improvement, difficult. The economy of 
livestock has to be integrated in farm based decisions regarding livestock 
crop interactions. Organization on a larger than household level must be 
taken into consideration. 
 

Enos Shumba, in discussing "Animals and Cropping Systems in the 
Communal Areas of Zimbabwe," stresses the complexity of land use, animal 
use, private and communal property. He notes the importance of looking at 
the relationship between cattle ownership and cropping systems where 
cattle provide draft power and manure for acutely impoverished sandy 
soils. In the initial surveys they found the precarious nature of crop 
production required animals yet did not provide the necessary feed for 
them. As a result of the initial surveys and secondary data analyses 
Shumba suggests potential individual and communal interventions in these 
high risk farming systems. 
 

The potential and variations in animal traction is addressed by the 
next two papers. Guido Gryseels in "On-Farm Animal Traction Research: 
Experiences in Ethiopia with the Introduction of the Use of Single Oxen 
for Crop Cultivation" looks at the potential of using a single oxen versus 
a double oxen team in on-farm trials in Ethiopia. He shows the advantage 
of oxen ownership in amount of land plowed and the potential of a single 
ox technology in broadening the availability of draft power to less 
advantaged farmers. The introduction of such an intervention has 
distributional advantages as well as collective advantages. Smaller teams 
would potentially reduce the pressure on communal pastures, reducing 
grazing pressures. The introduction of a new harness that can be simply 
manufactured is crucial in the introduction of single oxen plowing, thus 
the ideal intervention would be better distribution of available oxen, 
rather than increasing the number of oxen available for plowing. 
 

William Jaeger in "Animal Traction and Resource Productivity: 
Evidence from Upper Volta" presents a cross-sectional study comparing 
farmers with draft power to farmers without. Further, he examines the 
potential return to investments in animal traction. He concludes that 
there are returns to labor that are important in the use of animal 
traction primarily through the increased amount of land that can be 
cultivated. Thus animal traction is potentially important when labor, not 
land, is a constraint. He also discovered that the return to investment, 
even when high priced oxen are introduced, is potentially favorable, but 
the amount of time required to recoup that investment may be the reason 
there is little new adoption of animal traction by farmers. 
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IV. Methodological Issues in Farming Systems Research and Extension 
 

The lack of consensus and great variability in methodology was 
evident in the papers that discussed methodological approaches in FSR/E. 
These methodologies go beyond the four stages that traditionally have been 
presented in farming systems research in two very particular aspects of 
data gathering, planning and farming systems research and extension 
implementation. 
 

Ron J. Krupicka, Dennis L. Demmel, Robert M. Akin and Martin D. 
Strange in "People and Resources: A Research Methodology" present the 
development of a domestic farming systems project in Nebraska that is 
based around a societally recognized constraint, either energy or water, 
and attempts to build a participatory project using a farming systems 
approach. They stress the importance of the planning process for 
developing such a project. While this is not a classic farming systems 
project, it is an example of how an adaptation of the methodology and a 
stress on the principles of farming systems research can yield a much 
better and more effective project than other approaches to rural and 
agricultural development. 
 

James R. Simpson and John D. De Boer look at the "Use of the FSR/E 
Approach in Livestock Project Design for Mixed Farming Systems in 
Northeast Thailand". They, too, do not follow a strict farming systems 
methodology, but use a number of elements derived from it, such as 
interdisciplinary teams and farmer participation, to come up with a series 
of recommendations for livestock project design in Northeast Thailand. 
They show the complexities of the livestock cropping systems which in turn 
influence how a livestock project would develop. They thus show the 
importance of a farming systems approach to a commodity-specific project. 
 

Robert D. Hart and Calixte George outline "A Guideline for the 
Design of A Farming System Project, A Case Study from the Eastern 
Caribbean." They go step by step through the design process, linking not 
only the stages of farming systems research from initial characterization 
to technology transfer, but also the different levels at which these 
activities take place, from the production system components to the 
production system to the farm to the region. They give the case study of 
the development and design plan for the CARDI project in St. Lucia. In 
this analysis they show how the funding agency, the national agency and 
the U.S. technical assistance team work together to agree on project 
design and implementation. They stress the need of institutional links as 
well as technological expertise. 
 

Lorna Michael Butler addresses the problems of data gathering and 
methodological approaches in initial characterization. In "Putting Systems 
Research Data Collection in Perspective, Practicalities and Realities," 
Butler stresses that data gathering is a part of every stage of farming 
systems research. She stresses that the methodological issues are in no 
way simple tasks of adequately measuring what farm 
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families do at each stage of the process, but coming up with measures that 
are meaningful to local extension staff, research station staff, 
organizational decision makers and national leaders. She points out that 
in planning data collection strategies at each stage of farming systems 
research and extension all these constituencies must be kept in mind. 
Given this variety of constituencies, she breaks down farming systems 
research and extension into five phases: 1) legitimization of the farming 
systems approach; 2) research site selection; 3) problem analysis; 4) 
solution and application, and 5) extension integration. All of those 
stages need slightly different emphases on data gathering, particularly 
dependent on which constituency will be addressed. Choice of data 
gathering technique as well as indicators, then, relate to these stages 
and those constituencies. 
 

Patricia Garret shows through her work in Ecuador with INIAP that 
structured key informant interviews have strengths and weaknesses that 
make them complementary to, not substitutes for, systematic survey 
research in identifying domains and constraints, if both are related to 
prior analysis of secondary data. In all cases, sensitivity to socio-
economic strata is crucial. 
 

Clive Lightfoot analyzes "On-Farm Experiments in Farming Systems 
Research". He makes the radical statement that on-farm experimental 
methods as currently applied are not appropriate to farming systems 
research, because they to not meet the unique needs that characterize an 
FSR/E approach. Although highly critical of current on-farm methodologies, 
he is hopeful that more appropriate methods can be derived. He presents a 
process for doing so that involves close interaction with farm families 
and the iteration of that interaction in terms of technology development 
and evaluation. 
 

Floyd Behnke, Jr. in discussing "Measuring the Benefits of 
Subsistence Versus Commercial Livestock Production in Africa" is also 
highly critical of traditional measures of success of on-farm trials, 
particularly for livestock production. He argues persuasively for the 
development of nontraditional measures for project success that are more 
in keeping with farm families' own goals for their farming systems. He 
suggests that the strict economic/productivity variables lack meaning in 
many farming systems situations. Thus even though on-farm experiments may 
be judged successful by the researchers; they turn out as meaningless or 
irrelevant to farmers. 
 

Catherine McKee looks at "Methodological Challenges in Analyzing the 
Household in Farming Systems Research: Inter-Household Resource 
Allocation". She argues for a strategy to be used at all stages in FSR/E 
that break out data not only by the household, but by intra-household 
divisions of the factors of production, land, labor and capital, and the 
allocation of the products of the farm family enterprise. She argues that 
misunderstanding this complicated intra-household allocation results in 
technology recommendations that may be inappropriate, may not be adopted, 
or, if adopted, may be detrimental to less powerful members of a household 
unit. 
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James A. Chapman, in discussing "Design and Evaluation of New 
Technologies for Adoption by Small Farmers: An Example from the 
Philippines," attempts to show how a methodology of potential adaptability 
can be derived theoretically to eliminate inappropriate recommendations 
and to encourage development of innovative, yet not obvious 
recommendations. By deriving six criteria for assessing current and 
potential farm technologies, he was able to eliminate a number of 
potential technologies before the field trial stage would occur. Thus the 
interaction between a farming systems approach, initial data gathering and 
ability to link the farming system as a whole to biological, economic, 
social and ecological data, allowed for great savings and speed to be 
achieved in the development of recommendations to apply on farmers' fields 
and toward which to direct Experiment Station research. 
 

Harold J. McArthur, Jr. in "Farming Systems Research: The Need for A 
Mid-Term Assessment of Expectations and Methodology" argues that the team 
building and assessment aspects of FSR/E should not end with the initial 
diagnostic phase, Implementation, he argues, is far more difficult and 
more trying for the team and requires consideration of many more 
structural variables than does the initial diagnosis. In particular, he 
points to the necessity to be alert to potential conflicts between the 
farming systems project philosophy, the implementing or sponsoring agency 
and the client groups. He presents some cultural dimensions that can help 
in analyzing these conflicts that are to more likely to emerge after a 
project is underway and to be hidden at the beginning of funding and 
analysis. 
 

James H. Bemis, Jr., in "Designing and Adapting Communication 
Technology Within a Farming Systems Approach", stresses the potential 
fruitfulness of the integration of rigorous communication analysis, 
design, testing and training processes within the FSR approach. Ignoring 
communication aspects of FSR, he suggests, leads to a non-additive 
approach to development, where each project makes the same mistakes 
because there is no way to systematically communicate and assess what has 
gone on before. Traditional communications, Orientations, and 
participations in development projects, he argues, are based on a top-down 
view of information based on the assumption that technological 
modernization occurs when the innovation is adopted by the receiver. The 
two-way flow of information and the farmer as a source of innovation and 
ideas for the researcher is totally missing in the traditional 
communications orientation. For farming systems to work correctly, 
communications and flows of information are a key element. The ability to 
actually apply the flow of information among disciplines, as well between 
farmer, extension worker and scientist, still has problems of 
implementation. Thus in FSR/E, the role of a communications specialist 
might serve to better implement the theoretical conceptualization that has 
been present up to now. 
 

German Escobar, Julio Henao and Myron Schenk address "Assessing 
Adoption of Technology Among Small Farmers: Classification and Profile 
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Analysis". Once recommendations are made after on-farm trials are 
successful, it is necessary to then see if farmers do adopt the 
recommended and proven technology. Using data from a vegetation management 
weed control technology, which was developed among small maize growers 
from the Atlantic humid lowlands of Costa Rica using CATIE's FSR 
methodology which included characterization, technology design, on-farm 
experimental trials, validation (farmer evaluation) the best experimental 
results and continued economic analysis incorporating feedback within the 
process, they attempted to develop a methodology for determining degree of 
adoption of the recommendation in understanding why such recommendations 
were or were not followed. Methodology for monitoring the adoption of FSR 
derived recommendations is relatively new. They found classifying the 
farmers according to degree of adoption of the recommended technologies 
allowed them to use a linear discriminant function to test differences 
among four adoption groups. This analysis helped specify further the 
domain of the recommended technology and related its adoption to economic, 
personal and farm site characteristics. Initially they had identified 
labor as the main resource constraint in the area, which was an acute 
seasonal problem. Recommended technology tends to more fully utilize all 
available farm resources, including returns to labor, proportion of area 
cropped and value of livestock. This is facilitated by the more favorable 
location of the adopters, vis-a-vis markets. Relations of resources to 
both on-farm and regional opportunity structures is important. The authors 
demonstrate the power of using multi-variant analysis techniques when 
systematic on-farm monitoring of adoption of recommendations takes place. 
As with the methodological suggestions for on-farm trials in monitoring 
the selection of variables to be monitored becomes crucial in order to 
fully explain farmers' behavior. 
 
V. Specialized Aspects in Farming Systems Analysis 
 

The next series of gapers looks at specific and less addressed 
aspects of the farming system in order to heighten an understanding of the 
farming system as a whole. 
 

The papers by Kathleen DeWalt "Nutritional Strategies and Farming 
Systems Research in Southern Honduras: The International Sorghum and 
Millet Project (INTSORMIL)" and by Meredith Smith, "Nutrition and Farming 
Systems Research and Extension", both stress the need for including 
dietary and nutritional studies in farming systems research, in the 
initial assessment of conditions in identifying domains, in identifying 
constraints, in proposing innovations, and as one mechanism of evaluating 
the impact of on-farm trials and intervention attempts with farm families. 
They stress that the fact that much farming systems research deals with 
farmers that are only indirectly market responsive and who often need 
their nutritional requirements met prior to being able to produce for 
market means that nutritional analysis should be an 
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important part of project assessment and design. That one author comes to 
these conclusions as a medical anthropologist and the other as a 
nutritionist suggest the multidisciplinary agreement on the importance of 
nutrition as an input to FSR/E. 
 

The paper by Carol Kerven, "The Impact of Wage, Labor, and Migration 
on Livestock in Crop Production in African Farming Systems" also looks at 
basic household needs and structures vis-a-vis the farming system. She 
points out that in Africa, in particular, off-farm employment, 
particularly temporary migration, is crucial in providing income for the 
family. Farm families choose between increasing crop productivity, and 
thus increasing income, or directly increasing income by selling off-farm 
labor, particularly male labor. Farm families will often pick the surer 
source of cash, which is off-farm labor, thus threatening crop production. 
She points out how the sex selectivity in migration in turn disadvantages 
farm families that have de facto or de jure female heads. She further 
compares the livestock portion of the farming system to the cropping 
portion of the farming system in terms of their responsiveness to 
outmigration and the implication of this for determining potential 
interventions in on-farm trials and extension efforts. 
 

Anita Spring, in "Men and Women Smallholder Participants in Stall 
Feeder Livestock Program in Malawi," also addresses the issue of 
differential labor availability by sex and the degree to which programs 
are oriented implicitly to men or to women. She assesses a project that 
attempted to insert a whole new agricultural enterprise -- stall feeding 
for an export meat market -- and the adoption of that differentially by 
sex. She examines how the adoption of the stall feeder enterprise impacts 
other parts of the farming system in which it has been inserted. She 
suggests that, as with off-farm migration, the cash availability and 
assuredness of stall feeding beef cattle leads to an emphasis on that 
enterprise over crops for domestic consumption. 
 

David Zimet, Christina H. Gladwin and Thomas Spreen in their paper 
"Cow-Calf Versus Stocker Operations and Identification of Leverage Points 
in North Florida Beef Cattle Systems" also looked at differential 
characteristics of farm families compared to their practices and adoption 
of extension recommendations. They analyze the logic by which certain 
recommendations are adopted by farmers on large versus small farms and the 
feedback effect on the farming system of adoption versus non-adoption. 
They make a clear case for recommendations based on farm family needs that 
are in part size related, as well as ecologically and technologically 
based. 
 

While the first set of papers stressed the complex interactions 
between labor, size of enterprise and animal based technology adopted, 
Lawrence W. Pauling and Louis E. Grivetti, in discussing "The Importance 
of Animals and Forage Sources Within a Rice Cropping System North Luzon 
Philippines", stress the importance of animals in animal crop systems. 
Even though the Philippines development effort has emphasized rice, they 
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point out the dominance of domesticated livestock in the farming systems 
in North Luzon and the needs of those livestock for forage throughout the 
year, since they are the main source of cash income for the families. 
Despite the emphasis on cropping systems, perhaps because they are the 
ones for which technology is most available, in terms of farm income, 
crops are fifth after swine sales, wage labor, sale of maize and other 
nonfarm income sources. The two direct cash converters, swine and wage 
labor, mean that both land and labor requirements will be biased away from 
crop decisions that over utilize either of these factors of production. 
Wild forage thus becomes very important to keep the balance between the 
use of labor and land for crops and livestock. When animals are stressed, 
complementary wild forage maintains the nutritional status of the local 
livestock. Thus new cropping patterns must be considered in concert with 
their complementarity or competition with wild forage crops. 
 

The next three papers, "Confined versus Non-Confined Animal Raising 
Within the Farming System" by Joseph H. Conrad, "Backyard Animal 
Production in the Humid Tropics" by John P. Bishop, and "The Nature and 
Function of Household Gardens and Backyard Animals: General Considerations 
With Emphasis on Peru", by Vera Ninez, looked at the impact of small 
animals on the farming system. They all argue that small animals are an 
important yet overlooked part of the farming system that relate to other 
household enterprises such as gardens and can be highly complementary to 
them. Confined, semi-confined and non-confined animals make different 
labor demands on different family members that are crucial in 
understanding how a farming system would operate and what constraints are 
placed on technologies suggested to improve the small animal aspects of a 
farming system. 
 

Robert L. Rhoades in "The Other Side of the Coin: Animals as Pests" 
looks at animals as a constraint on the farming system and the problems 
that vertebrate animals present when one is assessing a farming system and 
examining constraints. In particular, the security of crops in the field, 
as threatened by vertebrate pests, becomes a crucial issue in the success 
of on-farm trials as well as extension efforts. 
 

Animals are not only important sources of income through the sale of 
their meat, milk and eggs, but have other important cash sale byproducts 
as well. Peter Wyeth examines one of these in "Trends in the Amount and 
Quality of Lesotho Mohair Sales and Some Reflections Concerning Economic 
Incentives From Mohair Producers". He points out how environmental 
constraints limit the degree to which goat breeding programs can be 
implemented. Without adequate feed, breeding the genetic potential of the 
goats cannot be realized. As seen before, the difficulty farming systems 
research and public policy have in dealing with communal ranges limits the 
effectiveness of genetic-based interventions in sheep production. He 
stresses that the intervention should be at the communal or government 
level and cannot be at the level of the farm family if mohair production 
is to increase in Lesotho. 
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Earle W. Klosterman, in presenting "A Realistic Look at Livestock 
Research and Development in Lesotho" shows the difficulties of introducing 
effective innovation in any livestock project. The difficulty of linking 
research to farmers through extension efforts is a major constraint to 
improved livestock products. Yet research aimed at the major constraints 
faced by small farmers still needs to be done. A systems approach is the 
complicated, yet necessary next step in designating research needs and 
extending them to farm families. 
 
VI. Extension 
 

The last section is the shortest, because there is less experience 
with the extension of FSR/E results. Most projects are relatively new and 
discussion of the extension effort is little advanced. This is clearly a 
need for a major thrust in the future. 
 

Neal Walker discusses "Problems in the Design, Implementation and 
Evaluation of Extension Programs for Transitional Targets: An Example from 
Thailand". He presents the Intensive Farm Training Project, which was 
designed to teach intensive crop production techniques to farmers with 
quite limited resources. This innovative project used the form but not the 
content of farming systems research. It attempted in a central place to 
replicate the physical conditions of a farming system in Northeast 
Thailand, but moved that farming village conveniently near the Experiment 
Station and a large city. Farmer participants were removed from their 
village and brought to that model village where, well trained sensitive 
extension workers worked with them to learn technologies that fit the 
biological and agronomic constraints of the model farm, which they would 
attempt to replicate their own circumstances. The project, as Walker 
assessed it, was a failure, in part because the removal of farmers from 
their social networks was disorienting enough that many spent most of 
their time in the city, and ultimately few returned to their farms to 
extend the efforts as had been planned. The clear advantage of real on-
farm extension efforts that involve two-way flows of information from the 
farmer in their actual social and economic circumstances are suggested as 
a result of the relatively low success rate in the Intensive Farm Training 
Project. 
 

A panel discussion by Earl Kellog, Robert O. Butler, J. Linn 
Compton, Marilyn Swisher and Sam H. Johnson, III on "The Role of Extension 
in Farming Systems Research Programs" addressed the important but little 
discussed and little implemented area of extension in the FSR/E matrix. 
All the participants had extensive experience in extension and tried to 
draw on that to show how an extension effort based on general FSR 
principles might evolve. They made it clear to implement a program where 
more than a few farm families are reached, innovative extension techniques 
must be developed which include close relationships with farm families, 
researchers, and government officials at a variety of levels.  
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AN OVERVIEW OF FARMING SYSTEMS RESEARCH AND DEVELOPMENT: ORIGINS, 
APPLICATIONS AND ISSUES 

 
 

John S. Caldwell 
 
 

 
INTRODUCTION 

Farming Systems Research and Development, or FSR&D, is the term used 
to describe an approach to the generation of new agricultural technology 
for limited resource family farms. The generation of new agricultural 
technology is an important tool for improving the welfare of limited 
resource family farm members. 
 

FSR&D is the centerpiece of a new cooperative effort of developing 
countries and the United States agency for international development. This 
effort is called the farming systems support project, or FSSP. It is 
designed to draw upon expertise in US land grant institutions the us 
department of agriculture private firms and regional and international 
centers in response to requests by developing countries for training and 
technical assistance in FSR&D for their agricultural research and 
extension institutions (Workplan, 1983). Out next speaker, Dr. Chris 
Andrew, will provide an update on VSSP activities, and the FSSP 1983 
Annual Meetings will follow this symposium. 
 

The objective of this paper is to provide an overview of FSR&D. For 
this purpose, I will consider three questions: 
 

1. Origins: Why FSR&D for limited resource family farms? 
 

2. Applications: How is FSR&D done? 
 

3. Issues: How can FSR&D be improved? 
 
 

 
ORIGINS 

 
A Typology of Farms 

In order to understand why FSR&D is used for limited resource family 
farms, it is helpful to consider a typology of farms first proposed by 
Nakajima (1969). Participants who attended the first annual Farming 
Systems Symposium here in 1981 will recall this typology from the paper by 
Warren Vincent (1982). I have modified the typology diagram to contrast 
two types of family farms with agri-business farms 
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(figure 1). In this typology, farms are classified based on labor and 
product use. On the vertical axis is the proportion of production that is 
sold. On the horizontal axis is the proportion of labor hired. 
 

Farms which hire less than 50 percent of the labor they use are 
termed family farms. Family farms which sell less than 50 percent of their 
production, and therefore retain more than 50 percent for family 
consumption, are family subsistence farms, shown in the lower left-hand 
quadrant. Over half of the world's farms may fall in this quadrant 
(Harwood, 1979). Even most of these farms are not purely subsistence 
farms, though, but sell a portion of their production to meet other family 
needs with goods that must be purchased from markets. Harwood's (1979) 
term "early consumers" for those farms in the lower portion of this 
quadrant, farms which sell only 10-30% of their production, emphasizes the 
fact that market sale and home use are not a dichotomy, but rather a 
changing mix that reflects farm family decisions. 
 

Family farms which sell more than 50 percent of their production are 
family commercial farms, shown in the upper left-hand quadrant. Most of 
these farms do not sell all of their production, but retain a portion for 
home consumption. Thus, on both types of family farms, the household and 
the farm firm are not sharply distinguished in the minds of family 
members, because family labor is the main basis of agricultural production 
which the family divides between sale and home consumption. It is these 
types of farms for which FSR&D is designed. 
 

In contrast, in the upper right-hand quadrant are farms which hire 
more than 50 percent of their labor and sell more than 50 percent of their 
production. These are agri-business farms. On these farms, the linkage 
between the household and the farm is weaker. Typically, one family member 
(usually male) manages agricultural production, which is generally 
considered by family members to be a separate sphere of activity from the 
household and family life. It is these types of farms which agricultural 
research and extension in developed countries have tended to focus on. 
 
 

 
CHARACTERISTICS OF FAMILY FARMS 

Now, let's look more closely at some characteristics of family 
farms, the clientele of FSR&D. First, they are limited resource farms. 
Land parcels are small, and they have to make do with what they have, such 
as a cart for transporting farm products in the Philippines, or a home-
made tobacco transplanter in the Appalachian mountains of the U.S. 
 

Second, because family farms use their limited resources to produce 
for both home consumption and sale, they use different production 
strategies than do agri-business farms. One of those strategies is 
diversification, in order to reduce risk associated with dependence on 
only one or a few types of production (Hildebrand and Luna, 1983). Thus, 
for example, intercropping, as shown in a crop association of 
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mungbean and corn from the Philippines, is more common on family farms 
than the monocropping that is typical of agri-business farms.  
 

Third, however, the market is also important because family farms 
around the world have needs which cannot all be met by their own 
production. This is as true in Latin America as in Asia and in Africa.  
 

Fourth, on family farms, everyone in the family plays a role in 
agricultural production, as for example in Taiwan: not only adult men and 
women, but also the elderly and children. All these family members both 
supply labor and have a part in decisions about what to produce and how to 
use it.  
 

Fifth, because family farms have limited resources, they frequently 
must share them at critical points in the production cycle. For example, 
in the Philippines when the rains come, all farms need to prepare land for 
rice at the same time. Labor sharing for plowing is a typical practice. 
This in turn means that farm-household and community links are stronger 
among family farms than among agri-business farms, which depend mostly if 
not entirely on the market for additional resources.  
 

Current production practices reflect the knowledge acquired and 
shared by farms on how best to use the limited resources of the community 
with existing technology. This shared knowledge of the basis of the 
community's livelihood is often expressed through religion and custom, 
such as in names of planting dates (Caldwell and Newsom, 1983) or 
considering all corn plants, even volunteer plants, to be children of God 

not to be pulled.
1 

 
 

Strong community links and shared knowledge in turn mean that 
decision making often involves informal group discussions before 
individual farms make changes in production practices (Goodell, 1980).  
 

Finally, production changes need to meet family goals. Family goals 
are complex and changing. A family may build a new house, but additional 
income may go into child care and education before replacing bamboo 
shutters with windows, or buying more cement to cover the cracks between 
concrete blocks in the wall. Time use by family members for farm 
production changes must also be balanced against household production 
needs, such as building a fence around the home. As Dillon (1976) 
suggests, a farming system is not simply a mechanism that exists, but 
rather it is the result of purposive selection of goals and means to 
achieve those goals by the people who are a part of the system.  
 
 
 
 
 
 

1P.E. Hildebrand, University of Florida, personal communication, 
Gainesville, Florida, June, 1983.  
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EVOLUTION OF POSTWAR AGRICULTURAL DEVELOPMENT STRATEGIES  

Why then is FSR&D being looked at as an appropriate tool for limited 
resource family farms? Farming systems research and development reflects 
changes that have occurred in postwar agricultural development strategies 
for family farms.  
 

Initially, in the 1940's and 1950's, people involved in development 
tended to compare traditional production practices with production 
technology developed primarily for agribusiness farms in developed 
countries. The dominant theses of this period were that limited resource 
family farms were characterized by tradition-bound inefficiency, and they 
needed to be educated to use existing resources more efficiently and to 
adopt the technology of developed countries. Thus, community development 
and transfer of U.S. technology were dominant strategies of this period 
(de Janvry, 1981; Rogers, 1969, Ruttan, V.W., 1975; Schultz, 1964).  
 

By the 1960's, however, it began to become clear that a 
redistribution of existing resources was not an effective solution. From 
the practical standpoint, community development efforts were by and large 
not greatly successful (Ruttan, 1975). In addition, studies by Theodore 
Schultz (1964) and others (Chennareddy, 1967; Hopper, 1965; Sahota, 1968; 
Welsch, 1965) showed that limited resource family farms were not 
inefficient, but in fact were generally making best use of resources given 
available technology. The problem was that they were efficient but poor 
(Schultz, 1964). At the same time, it came to be recognized that 
technology developed in temperate countries with abundant land could not 
be directly transferred to tropical countries with small land holdings.  
 

The dominant strategy thus changed to an effort to provide limited 
resource family farms with new resources in the form of new factors of 
production, primarily high-yielding varieties of wheat and rice, together 
with fertilizer, in what came to be called the "Green Revolution." The 
content of technology had changed, but the strategy was still to try to 
transfer the "right" technology.  
 

By the mid-1970's, however, it became apparent that the "Green 
Revolution" strategy also had limits. First, the "Green Revolution" had 
more impact where inputs such as irrigation, fertilizer, and chemicals 
were available (Ruttan, 1977), but such inputs were not available to many 
smaller, more limited resource family farms (Whyte, 1975). In other words, 
there were differences among family farms that nationwide or even region 
wide "Green Revolution" technology packages did not take into account.  
 

Second, after the initial impact due primarily to substitution of 
high-yielding varieties for traditional varieties was achieved, subsequent 
increases in productivity required more complex and more fundamental 
changes in production practices, such as more precise timing  
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of planting or preventive control of rats (Goodell, 1980). These changes, 
in turn, required a more complex learning process by farm household 
members. Without more active involvement of family farm household members 
in this learning process, they would not easily adapt and fully use all 
the technology now made possible through the advances of component 
research. Thus, technical inefficiency resulted (Pachico, 1980).  
 

Third, in Africa, production systems were even more complex, and 
component research had not generated as much of a backlog of technological 

possibilities as in Asia where the "Green Revolution" was more prominent.
2 

 
 

For these reasons, in locations such as the Philippines, Nigeria, 
and Guatemala (Plucknett, 1980), different attempts were begun to tailor 
technology generation to more homogeneously-defined, smaller groups of 
family farms, and to involve family farm members more directly in a 
learning process of technology generation. By the 1980's these approaches 
had acquired the generic term "Farming Systems Research" (Hildebrand and 
Waugh, 1983).  
 
 

 
APPLICATIONS  

 
Characteristics of FSR&D  

How then is Farming Systems Research and Development done? Let's 
look at some characteristics of FSR&D. First, the objective of FSR&D 
projects is an agro-social response: not simply to demonstrate a yield 
response, but to work with farm household members in a learning process of 
technology generation, adaptation, and adoption. Actual adoption, then, is 
the meaning of the agro-social response sought by FSR&D.  
 

In order to achieve this type of objective, it is necessary to 
establish research priorities that will generate technology which family 
members both can adopt and are willing

 

 to adopt (Norman, 1983). The "can 
adopt" is the necessary condition, which requires an understanding of the 
biological, social, cultural, economic, and institutional environments in 
which the farming system operates. This understanding in turn requires 
insights from disciplines in both the technical and social sciences. 
Research priorities are therefore identified by multidisciplinary teams 
through informal survey approaches termed "sondeos" (sounding out), or 
rapid rural appraisal, for groups of farms in similar environments, called 
"recommendation domains."  

 
 
 
 
 
 

2J. Albert, United States Agency for International Development, 
personal communication, Blacksburg, Virginia, May, 1983.  
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The "willing to adopt" is the sufficient condition, which requires 
an understanding of the goals and constraints of the household in each 
recommendation domain. Research priorities are therefore based on 
household goals and constraints. This is in contrast to the traditional 
commodity approach, where technology is developed by laboratory and 
experiment station commodity research based on individual researchers' 
priorities, usually reflecting where they see the frontiers of science 
advancing. This technology is then transferred to extension for area-wide 
dissemination. Social science, if used at all, is typically brought in 
only at this point to help "sell the technology" (Jones, 1983).  
 

Thus, diagnosis is the first activity in FSR&D, and the first 
product of a multidisciplinary FSR&D team is frequently a qualitative 
description (Hart, 1983) of the farming system managed by the household, 
including interactions among crop, animal, and household subsystems, and 
with the various environments in which the farming system functions. 
Frequently, this description takes the form of a model, as of a humid 
upland farming system in Asia (Figure 2), which includes interactions with 
the product market environment (McDowell and Hildebrand, 1980), or of this 
mixed crop-livestock farming system in Appalachia (Figure 3) which 
includes interactions with the off-farm labor market environment (Caldwell 
et al., 1983; Teo, 1982). In both cases, it is important to remember that 
these models are not exhaustive, quantitative descriptions of the 
operation of the entire system, but qualitative guides that serve to 
orient the work of the multidisciplinary team.  
 

Based on the results of initial qualitative description of a farming 
system, the multidisciplinary team can then undertake two complementary 
types of activities. The first is called Farming Systems Research and 
Extension, or FSR/E (Hildebrand and Waugh, 1983). [Norman (1983) termed 
this Farming Systems Research.] This involves development of applied 
modifications of farming practices. Because this is a learning process 
both for the team and for the farm household members, farmer participation 
in design and testing of the modifications is a key element.  
 

Trials are placed on farms with poorer environments as well as on 
better farms and experiment stations that have more favorable 
environments, so that the total survey of environments in a target area is 
covered. Thus, experiment station research is a critical input in FSR&D in 
order to measure a range of responses.  
 

Response is evaluated on multiple bases. For example, yields from 
alternative technologies can be converted to net economic benefit, as 
Arauz and Martinez (1983b) showed in their paper at last year's Farming 
Systems Symposium here, or nutritional impact assessed, as Meredith Smith 
(1983) will discuss in today's luncheon address. Correspondence among 
these measures can be compared to assess potential impact of alternative 
technologies on different measures of farm family wellbeing.  
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Ultimately, response to a given new technology is evaluated on the 
basis of acceptability by representative farmers who would have tested the 
technologies, as measured by the acceptability index (Waugh, 1982). This 
index is calculated as the percentage of representative farms using the 
new technology times the percentage of crop for which the new technology 
is used, divided by 100. For example, if 80 percent of the representative 
farms use the new technology on 35 percent of their crop, the index equals 
28 (figure 4). This is a likely case if the technology is appropriate for 
most farms, including those with greatest resource limitations, in the 
recommendation domain.  
 

Also, if 35 percent of the representative farms use the new 
technology on 80 percent of their crop, the index again equals 28 (figure 
4). This is a likely case if the technology is more appropriate for farms 
with relative fewer resource limitations in the recommendation domain. In 
either case, the index is a measure of the learning response of 
representative farms.  
 

Based on the learning responses of representative farms to different 
technologies, then a decision can be made as to which technologies to 
promote to other farms in the target area through more traditional 
extension efforts of mass dissemination.  
 

In addition, the team may identify technologies that would have 
greater potential for adoption or greater potential positive impact on 
farm family well-being if environmental constraints were changed through 
improved infrastructure or policy support. The team may make 
recommendations to policy makers on the predicted responses of farm 
households to such changes. In order to more accurately predict such 
responses, the FSR&D team may also recommend that more involved, formal 
directed surveys of selected aspects of the system or its environments be 
carried out in the target area. This second type of activity in FSR&D is 
called Farming Systems Infrastructure and Policy Support, or FSIP. [Norman 
(1983) termed this Farming Systems Perspective.]  
 

Because testing modifications of the farming system leads to better 
understanding of it (Harwood, 1980), FSR/E can contribute to more 
effective FSIP. Likewise, policy changes resulting from FSIP can expand 
alternatives to be tested through FSR/E. Together, both activities of 
FSR&D form an integrated approach to the institutionalization of 
technology generation in the research-extension linkage, depicted in 
Figure 5, a simplified version of a conceptual diagram presented by Ken 
McDermott (1983) at last year's Farming Systems Symposium here.  
 

As Flora (1983) explained in another paper in last year's Symposium, 
this linkage has been weaker in developing countries than during the early 
stages of the development of the U.S. land grant system, due to several 
factors. In the U.S., male agricultural research and extension personnel 
came from family farms and understood from personal experience the goals 
of farm family members. In contrast, developing country research and 
extension personnel tend to come from  
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urban backgrounds and have less appreciation for the goals of limited 
resource farmers, particularly when these are tenants, near-landless, 
and/or female. Thus, FSR&D attempts to create a mechanism for 
strengthening the research-extension linkage under social, economic, and 
institutional conditions where the linkage has not been self-generating. 
 

 
An Example of FSR&D Application in Panama  

FSR&D has been successfully applied in places such as Indonesia, 
Guatemala, Panama, Malawi and North Florida (Arauz and Martinez, 1983b; 
Effendi and McIntosh, 1983; Hildebrand, 1983a, 1983b, and 1983c). Let's 
take an example from Panama (Martinez and Arauz, 1983; Arauz and Martinez, 
1983a and 1983b) to show how FSR&D is applied to a specific situation. In 
this discussion, I have abstracted the elements of their work which 
illustrate key principles of FSR&D.  
 

Their example is from the Caisan area of Renacimiento District, 
Chiriqui Province, in the central (interior) part of eastern Panama. The 
Caisan area was chosen as the target area (Shaner et al., 1982) for the 
first test of area-specific FSR&D by a new national institution, the 
Agricultural Research Institute of Panama (IDIAP).  
 

Secondary information indicated that the target area consisted of 
about 10,000 ha, divided among some 300 farms in nine communities. 
Predominant farming systems were:  
 

1. In areas with land of irregular elevation, perennial crops, or 
livestock.  
 

2. In areas with flat or slightly hilly land in western Caisan, 
arable rainfed corn-bean rotation-based farming. This farming system was 
the one focused on by the project.  
 

The target area was then partitioned into two recommendation 
domains, based on access to market. An informal survey was followed by a 
formal survey focusing on corn production. This survey confirmed that 
there were marked differences in the use of inputs in corn production 
between the two recommendation domains (Table 1). Recognizing that 
different technologies would be needed for farms in the two recommendation 
domains, and given limited resources of the project, efforts were focused 
on the recommendation domain with good market access.  
 

The formal survey identified several major problems of the sample 
farmers (Table 2). The most serious problem was both biological and socio-
economic in nature: good natural soil fertility, adequate rain- fall, and 
labor shortage combined to create a weed control problem that could not be 
solved by hand weeding.  
 

The survey also indirectly revealed a second major problem that 
illustrates the linkage of FSR/E and FSIP. The government credit  
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program emphasized fertilizer use, but 42% of the sample farmers did not 
use fertilizer, and the remaining farmers applied it at rates considerably 
below the recommended rate.  
 

Based on the above needs and constraints identified in the 
diagnostic phase, the project established a research design that included 
short, medium, and long-term strategy components (Table 3). During the 
initial phase of the project, on-farm trials in six locations were planned 
to investigate the benefits of improved plant spatial arrangement, 
allowing for higher plant density and better chemical weed control, in 
combination with different herbicides. This research was expected to 
produce the most rapid benefits to the farmers.  
 

On-farm trials were also initiated to test the effects of nitrogen 
and phosphorus application, used in conjunction both with current plant 
density and weed control practices, and with the improved plant density 
and weed control practices.  
 

The local corn cultivar was susceptible to lodging but was otherwise 
well adapted to the area, whereas previously-introduced new, shorter 
cultivars were not resistant to the high humidity characteristic of the 
area. Therefore, a breeding program was simultaneously instituted to 
reduce the height of the local cultivar. This illustrates how FSR&D and 
experiment station research can complement each other.  
 

Finally, longer-term objectives centered on the problems of land 
preparation and insects. Zero tillage was proposed as an alternative to 
conventional tillage, which was associated with both an agro-ecological 
problem (erosion) and socio-economic problems (shortages of labor and 
machinery). The linkage of FSR/E and FSIP was again present here, because 
the credit program had also emphasized mechanized land preparation. On-
farm tillage trials were planned to follow the initial trials and be based 
on their results.  
 

It was also expected that observations during the initial trials 
would help clarify the magnitude of the insect control problem, before 
initiating research on this problem.  
 

Results of the first exploratory trials (for five locations with 
usable results; Table 4) indicated significant differences among herbicide 
and plant density treatments, but no significant differences among 
nitrogen or phosphorus treatments. In addition, there was a trend 
(significant at the 10% level) of a positive interaction associated with 
the combined effects of improved weed control using a new pre-emergence 
herbicide and the higher plant density with more regular spatial 
arrangement.  
 

Economic analysis was accordingly conducted on the four herbicide-
plant density treatment combinations (Table 5). This method of analysis 
illustrates the predictive approach typical of early research-managed 
trials, prior to measurement of the acceptability index  
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based on later farmer-managed trials (Shaner et al., 1982). The net yield 
increase [after subtraction of 10% associated with harvesting and storage 
losses (Shaner et al., 1982)] due to either the increased plant density 
alone (H0D1) or the improved herbicide alone (H1D0) was only 17%. This is 
less than the 30% suggested as the minimum increase easily discernable and 
therefore likely to lead to acceptance of the changed practice by farmers 
(Shaner et al., 1982). However, when both new practices were combined 
(H1D1), the yield increase was 53% above yield from current practices 
(H0D0), and 31% above yields using either new practice alone.  
 

Next, the variable costs that differed depending on the practice 
used were calculated and subtracted from the revenue associated with the 
net yield from each practice, to obtain the net benefit for each practice. 
Marginal rates of return were then calculated for alternatives resulting 
in increased net benefit. The marginal rate of return expressed on a 
percentage basis equals the increment in net benefit (NB) divided by the 
increment in variable costs (VC), times 100. Relative to current practices 
(H0D0), increased plant density alone (H0D1) resulted in a marginal rate of 
return of 687. Substituting the new herbicide for the old at the higher 
plant density (H1D1) resulted in a marginal rate of return of 716. Both 
rates are greatly in excess of 40%, the marginal rate of return proposed 
as the minimum level necessary to compensate for risk and the cost of 
capital (Shaner et al., 1982).  
 

Two activities resulted from the first year's experiments. First, 
new herbicide and plant density recommendations for area farmers were 
formulated. Second, decreased emphasis on fertilizer use in the credit 
program was recommended and instituted beginning in 1980.  
 

I will not present details of the second and third years of 
researcher-managed trials, which introduced new variables of zero tillage, 
insect control, and medium-term fertility studies. The key element to 
point out in the third year was the shift from researcher-managed trials 
to farmer-managed verification trials on larger fields for the three 
variables identified in the researcher-managed trials as having potential 
return (Table 6). As anticipated, techno-logical alternative 1, using the 
new weed control, plant density, and zero tillage practices, but 
eliminating fertilizer use, proved superior to either current farmer 
practices or the new practices with fertilization (Table 7). 
 

Finally, a survey in 1982 indicated a high degree of acceptance for 
the new practices and changes in recommendations (Table 8). This reflected 
the application of basic characteristics of FSR&D: selection of research 
priorities based on system diagnosis; participation by farmers in the 
design and testing of applied modifications (both the herbicide applicator 
and minimum tillage light harrowing were ideas suggested by farmer 
cooperators themselves); and linkage of on-farm trials (FSR/E) with policy 
recommendations (FSIP).  
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ISSUES  

The previous example from Panama demonstrates the power of the 
current state-of-the-arts of FSR&D in generating new agricultural 
technology that limited resource farmers can and are willing to adopt. The 
state-of-the-art of FSR&D is by no means perfect or complete, though. 
Implicit in the example from Panama are also several issues which 
represent both limitations of current FSR&D methodology and opportunities 
for its future advancement.  
 

First, diagnosis of the farming system in FSR&D is comprehensive, 
taking into account crop, animal, and livestock subsystems, and 
interactions of these subsystems with economic, social, and institutional 
environments. On the other hand, solution design has been more specific: 
most FSR&D programs, like the Panama program, have focused on the crop 
subsystem. The need to include the animal subsystem in potential solution 
design has been recognized, but actual implementation has been limited by 
methodological difficulties and the scarcity of researchers with 
experience in on-farm livestock trials (Gilbert et al, 1980; Shaner et al, 
1982). This Symposium has been planned to address the problems of the 
animal subsystem in FSR&D.  
 

In contrast with the animal subsystems, the place of the household 
subsystem in FSR&D has been more ambiguous. The importance of the 
household as the "integrating unit" for the crop and animal subsystems is 
recognized (Shaner et al, 1982). On the other hand, nonagricultural family 
priorities and the impact of agricultural technology change on family 
welfare defined more broadly than economic benefit have not been the main 
concern to date of FSR&D (Hildebrand, 1982; Whelan, 1983).  
 

A recent paper by Behnke and Kerven (1983) points out for Botswana, 
however, that nonagricultural family priorities are often more important 
than agricultural priorities. Less than one quarter of all farm dwelling 
units in a 1979 study was solely dependent on agriculture. Moreover, two 
thirds of all rural dwelling units in a 1976 study obtained more than 40% 
of their total income from off-farm employment. Diagnosis of such systems 
may suggest that innovations in the household subsystem [for example, 
culture-specific home and market gardens, like those being developed for 
Asian countries by Gershon (1982), or improved methods of using 
agricultural waste biomass with reduced pollutant emissions (K. Smith, 
1983) linked to intensified crop and animal production] could produce more 
rapid and more useful benefits to female farmers, who comprise over 40% of 
the official agricultural labor force in 60 countries, and may account for 
as much as 80% of the agricultural labor force in African countries with 
substantial out-migration (Finney, 1983).  
 

Obviously, including the household subsystem as a potential focus of 
solution design would increase the complexity and cost of FSR&D. I would 
suggest, though, that this is worthy of testing, especially if welfare of 
all family members is the measurement of the benefits of FSR&D.  
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Second, farming systems conceptual models by McDowell and Hildebrand 
(1980), Zandstra (1980), Hart (1983), and Norman (1983) are similar in 
defining farming systems boundaries around the family farm. As Behnke and 
Kerven (1983) point out, this reflects the need for a clearly defined unit 
on which to base economic analysis, such as in the previous example from 
Panama. This may also reflect the fact that much of the pioneering work in 
FSR&D has been done in Latin America, where discrete family farm units are 
common.3 
 

In contrast, Behnke and Kerven (1983) present two concrete examples 
from their own research and cite other studies which demonstrate that 
limited resource farm household members have evolved complex patterns of 
animal, labor, and cash exchanges to compensate for inadequate resources 
at the command of each individual household. The result is the multi-
household farm. Interestingly, in Southwest Virginia, we found that 43% of 
47 farms visited in a rapid rural appraisal survey in 1982 were multi-
household farms, and in one farm visit I learned first-hand that trying to 
define the unit of analysis in a multi-household farm situation can "step 
on the toes" of the people we work with.  
 

McMillan (1983) has also demonstrated that there are differences in 
land tenure and crops grown by different members of farm households 
depending on gender. Indeed, in Africa, the typology of farms presented 
earlier may need to be disaggregated by gender, placing female farmer 
groups in the lower left-hand, subsistence family farm type quadrant, and 
male individuals in the upper left-hand, commercial family farm type 
quadrant (figure 6).  
 

This diffusion of boundaries thus challenges FSR&D to move 
simultaneously in two opposite directions. On the one hand, households may 
need to be disaggregated into individual member types, to obtain 
homogeneous groups of farmers necessary for defining recommendation 
domains and developing solutions. On the other hand, individuals belonging 
to such member types may have to be aggregated into supra-household groups 
to evaluate benefits to the community as a whole (Behnke and Kerven, 
1983).  
 

Third, the issues of focus of solution design and diffusion of 
boundaries among farm households are tied to a third issue: the goal of 
FSR&D. The Farming Systems Support Project is placing major emphasis on 
Africa (Workplan, 1983), where per capita food production has been 
declining since the 1970’s.4 As Norman (1982) states, “The primary aim of 
[the Farming Systems Approach to Research] is to increase the overall  
 
 
 
 

3

Susan Poats, Farming Systems Support Project, personal communi-
cation, Blacksburg, Virginia, August, 1983. 

4

Andrew, C.O. 1983. "Farming systems: theory, methods, and prac-
tice." Talk given at the Farming Systems Seminar, Iowa State University, 
Ames, Iowa, March 24-25, 1983.  
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productivity of the farming system - therefore, hopefully the welfare of 
individual farming families." I would suggest that our challenge is to 
move beyond "hopefully." Certainly we cannot assume, in the words of one 
agricultural extension agent, that, "Take care of agricultural income and 
the household will take care of itself."  
 

Zandstra (1980) has stated that the cropping systems researcher 
evaluates yield as a function of management given the environment. Much 
FSR&D work to date has involved optimization of income as a function of 
crop yield, or implied as a future FSR&D objective, optimization of farm 
income as a function of crop and animal income. This approach has 
demonstrated simplicity and economic cost efficiency.  
 

To move beyond the "hopefully" link between farm income and welfare, 
however, I would suggest expanding the above-mentioned conceptual 
frameworks (figure 7).  
 

Crop and animal production activities compete with non-farm 
production activities for the allocation of resources and management by 
household members. These three types of production activities yield not 
only income (Norman, 1983) and inputs to the household, through 
interactions in the formal market environment, but also non-monetary 
inputs and tangible physical and intangible social goods, through 
interactions in the informal community environment. Welfare (or well-
being) is a function of this total mix of monetary and non-monetary, 
tangible and intangible goods.5 Moreover, perceptions of welfare affect 
the goals of farm household members, and therefore their allocation of 
resources and management. In terms of general systems theory (von 
Bertalanffy, 1968), the farming system is therefore characterized by 
feedback and circular causation: welfare is not only a function but also a 
determinant of the management of agricultural productivity.  
 

Our challenge, then, is to advance the state-of-the-art of FSR&D, so 
that we can evaluate the contribution of agricultural productivity to the 
welfare function, without increasing the complexity or cost of FSR&D 
beyond the capabilities and resources of national institutions. For 
ultimately, the success or failure of FSR&D depends on its usefulness in 
strengthening the link between family farm household members and their 
national institutions. I look forward, over the next three days of this 
Symposium, to learning more about how we can all contribute to this common 
effort  
 
 
 
 
 

These ideas are presented in more detail in an earlier version of 
this conceptual model which will appear in Caldwell and Newsom (1983, 
forthcoming). The model has been simplified and the position of components 
modified to highlight parallels and differences with the conceptual models 
of Zandstra (1980), McDowell and Hildebrand (1980), Hart (1983), an Norman 
(1983)  
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Table 1. Recommendation Domains  
 
 Percentage of farmers using practice 

Practice Poor market access Good market access 
 
Mechanized plowing  

 
0  

 
74  

Herbicide use  0  66  
Fertilizer use  0  57  
Insecticide use  
 

0  
 

20  
 

 
 
Table 2. Farmer Ranking of Corn Production Problems (December 1978)  
 
 Percentage of farmers reporting problem 

Problem Light problem Serious problem Total 
 
Weed control  

 
 9  

 
86  

 
94  

Lodging  17  77  94  
Labor shortage  20  51  71  
Erosion  29  31  60  
Insects  26  29  54  
Lack of Machinery   6  40  46  
Other  
 

20  
 

17  
 

37  
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Table 3. Research Design 
 

Problem 
Completion target 

time frame Strategy 
 
Weeds & labor 

 
2 years 

 
On-farm trials:  
Plant density x  
herbicide 
 

Fertilizer & credit 3-5 years On-farm trials:  
N x P x ( D x H )z 

 
Lodging 3-5 years Breeding program to  

reduce local culti- 
var height. 
 

Erosion, labor, & 
machinery 
 

Long-term Zero tillage 

Insects Long-term Clarity magnitude  
through observation  
before future  
research. 
 

 

ZN = Nitrogen 
 P = Phosphorus 
 D = Plant density 
 H = Herbicide 
 
Table 4. 1979 On-Farm Trials: Agronomic Results 
 
 Difference among 5 locations (Mt/ha)z 

Treatment Low High Average Significance 
Herbicide (H) 
  0.4 1.5 0.9 * 

Plant Density (D)  0.3 1.8 0.9 * 
 

Nitrogen -0.4 0.4 0.1 NS 
 

Phosphorus -0.3 0.7 0.2 NS 
 

H x D NC NC NC + 
 

Other interactions NC NC NC NS 
 

 

z NC = Not calculated 
  NS = Not significant 
 +,* = Significant at the 10% or 5% level, respectively. 
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Table 5. 1979 On-Farm Trials: Herbicide X Plant Density Economic Results 
 
 Treatmentz 

Measure H0D0 H0D1 H1D0 H1D1 
 
Yield (Mt/ha) 

 
3.6 

 
4.2 

 
4.2 

 
5.5 

Net Yield (Mt/ha) 3.2 3.8 3.8 5.0 
 
Increment vs H0D0 

    

 (Mt/ha)  0.6 0.6 1.9 
 (%)  17 17 53 
 
Increment vs H0D1 

    

 (Mt/ha)    1.3 
 (%)    31 
 
Variable costs ($/ha) 

    

 Seed  2.86  3.52  2.86  3.52 
 Herbicide  1.63  1.63 17.97 17.97 
 Labor 10.74 17.90 10.74 17.90 

Total 
 

15.23 23.05 31.57 39.39 

Revenue ($/ha) 369 431 431 564 
Variable costs ($/ha) -15 -23 -32 -39 
Net benefit ($/ha) 354 408 399 525 

 
Increment     
 NB ($/ha)   54y   117x 
 VC ($/ha)    8   16 
 Marginal rate 
 of return % 
 

 687  716 

 

z H0D0 = Current herbicide and plant density 
  H0D1 = Current herbicide, increased plant density 
  H1D0 = Improved herbicide, current plant density 
  H1D1 = Improved herbicide, increased plant density 
 
Y Versus H0D0 
Z Versus H0D1 
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Table 6. 1981 Verification Trials: Designz 

 
 Technology combinations 

Practice Farmer Alternative 1 Alternative 2 
 
Weed control and density 

 
Current 

 
New 

 
New 

Fertilization NPK None NPK 
Tillage Conventional Zero Zero 

 
 

z N = Nitrogen 
  P = Phosphorus 
  K = Potassium 
 
 
Table 7. 1981 Verification Trials: Agronomic and Economic Results 
 
 Technology combinations 

Measure Farmer Alternative 1 Alternative 2 
 
Net Yield (Mt/ha) 

 
    2.7 

 
    2.9 

 
    3.1 

Revenue ($/ha) 525 563 591 
Variable costs ($/ha) 127  66 130 
Net benefit ($/ha) 
 

398 498 461 

 
 
Table 8. 1982 Adoption Survey Results 
 
 Adoption % 

Practice Farmers Corn area 
 
Weed control 

 
61 

 
61 

Density and row planting 71 63 
No fertilizer 80 80 
Zero or minimum tillage 44 23 
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Figure 1. Farm Typology  
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Figure 2. Model of a humid upland farming system in Asia 
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Figure 3. Model of a mixed crop-livestock farming system in Southwest 
 Virginia [after Caldwell et al. (1983) and Teo (1982)]. 
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Figure 4. Acceptability Index Calculation Examples  
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Figure 5. The Place of FSR&D in the Research Extension Linkage  
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Figure 6. Farmer Typology 
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Figure 7. A Progression of Farming Systems Conceptual Models 
 
 

 
a. Key elements and interactions abstracted from models by Zandstra 

(1980), McDowell and Hildebrand (1980), and Hart (1983) 
 
 

 
b. Key elements, flows, and feedback loop abstracted from a model by 

Norman (1983). 
 
 

 
c. Key elements, interactions, feedback loops, and role of FSR/E and FSIP 

in an expanded model. 
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THE STATE OF FARMING SYSTEMS  
AND THE FARMING SYSTEMS SUPPORT PROJECT 

 
 

Chris O. Andrew  
 
 

 
CHALLENGES  

This year has been another challenging year for the farming systems 
approach to agricultural research and extension. The Farming Systems 
Support Project, designed to further US/AID technical assistance and 
training through short-term support, has been challenged at its inception. 
Thus, it has been a year of problem identification relative to the role of 
Farming Systems and in agricultural and socio-economic development. As 
Farming Systems goes so one might conclude goes the Farming Systems 
Support Project - or will it?  
 

One of the challenges we face is the tendency to categorize 
behaviors and institutional structures at the extremes. Examples related 
to Farming Systems are: research vs. extension; research and extension vs. 
infrastructure and policy; on station research vs. on farm research; 
farming systems research and extension vs. component and commodity 
research and extension; inside the farm gate vs. outside the farm gate; 
the household vs. the farm; social science vs. biological science; 
livestock systems vs. cropping systems; a farming systems research 
institute vs. an agricultural research institute; regional development 
investments vs. science and technology investments; regional emphasis on 
Latin America vs. Africa vs. Asia; and we could go on. Not everyone sees 
these as alternatives or as "either - or" situations. Often these 
demarcations are made to the detriment of integrated programming and 
enhanced agricultural development. Our challenge is to develop a 
coordinated effort to accomplish efficient and effective programs.  
 

Farmers neither understand nor desire to learn of these academic and 
bureaucratic demarcations. The institutional fragmentation resulting from 
disintegrated multi-country, multi-institutional and multi-disciplined 
programs represents our greatest challenge. The supporting concerns are 
genuine in their interests to make favorable contributions but a critical 
mass of useful support to the Farmer is lacking. Instead, the 
fragmentation tends to generate confusion, chaos and disenchantment. It 
seems to be difficult to focus collectively on those major concerns and 
ideals of the limited resource rural populace. The world staggers and we 
pontificate in an institutional muddle.  
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These are strong statements. This is a strong indictment. How have 
we allowed ourselves to arrive at this place? Some factors are within 
control of the research and development intelligentsia and other factors 
must be addressed by donor institutions. Universities have allowed 
themselves to be caught in something termed recently by a farming systems 
review team as "institutional drift." This drift has been away from "whole 
problem" concerns by Farmers. It has focused on specific problems and 
specific aspects of those problems, as important contributions to general 
research. The "drift" is away from the broad spectrum of concerns faced by 
the Farmer. To do this effectively we must unit component and commodity 
research with broader systems  
 

The "drift" is directly related to university participation in 
development activities and affects our performance in contractual work, in 
the CRSPs and FSSP. We tend to remain completely in a fundamental and 
academic mode, even when our obligation is development. Development does 
embody a fundamental and academic approach but requires more. I am 
concerned about our performance in the area of development because we make 
this secondary to the requirements for professional promotion, even when 
we are assigned to development projects. I plead for a balance between 
fundamental science and academics and development activities. We need a 
"shift" to correct the "drift". This is easier said than done because of 
the manner in which we evaluate our staff for professional advancement. 
One of many examples of where we might make a shift is with thesis work. 
Theses are many times of little direct relation to country problems. Today 
we avoid many thesis topics because they are topics in which it is 
difficult to meet the academic and scientific standards required. But they 
are subjects of importance to the students' country and they would be good 
topics in which to prepare the student for future long-term professional 
contributions in their countries. Can you think of a more basic place to 
begin a change than with our students?  
 
 

 
FARMING SYSTEMS: A TERM, A CONCEPT, OR A PHILOSOPHY? 

 
A Term  

In our term bound society steeped in acronym mania we tend to be 
confused by a dooms-day philosophy that ideas will survive only through 
the life of a buzzword. An example of the terminology problem is expressed 
by Bob Waugh who stated: "The first error is in establishing FSR projects 
rather than using the Systems approach to improve research. We are now, 
unfortunately, locked into terminology, FSR, and have lost some 
opportunity to make the best use of the approach." If this is a concern 
only with terminology possibly the problem can be rectified.  
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Belief in a dooms-day situation demonstrates a shortfall in 
awareness. There is an astounding gap between academic intellectualizing 
and applied experience relative to agricultural and farming systems 
research. Ken McDermott best characterizes this problem with his 
distinction between "camp followers" and "practitioners." Farming is not 
new. What we are attempting internationally must evolve with long and 
difficult applied experience. The U.S. Land Grant System evolved only with 
considerable time. Helping a system evolve will be more effective than 
attempting to establish a research and development system in a two to five 
year contract. Thus, do not judge too quickly the refinements in proven 
structures that have been embodied recently in a term.  
 

Let us send a message to those skeptics who feel that the farming 
systems approach is about to roll over and die. This year of challenge to 
FS and the FSSP suggests that we have arrived at the end of a beginning. 
Approaches and methodologies are converging as we better understand the 
range of clientele groups and needs and that the appropriate tools also 
must cover a range of alternatives. Agricultural research and development 
efforts have achieved significant advances technologically, industrially 
and mechanically, but not all agriculturists have benefited from the 
advances. Now we are faced with institutional challenges to agricultural 
research for which a holistic approach is absolutely necessary to 
integrate scientific results into productive and acceptable practices. We 
have partially prepared for that activity through component and commodity 
research progress. Now we must face the big picture. 

  

 
A Concept for Ordinary People 

Farming systems is an ordinary concept for ordinary people. It began 
early in U.S. history and was formalized in the 1862 Morrill Act which 
initiated evolution of the Land Grant System. The Land Grant concept, 
rooted in the debates of the 1780's draws factions together. On November 
23, 1787 in the Federalist Papers, James Madison wrote, "There are two 
methods of curing the mischief of faction: The one by removing its causes; 
the other; by controlling its effects" (Commager, 1949, 10). The Land 
Grant System has helped shape causes and alters their effects. 
Institutional approaches that do not allow for viewing the rural 
development problem and the farmers' production and survival problems from 
the farmers' own perspective create factions to negate agricultural 
development. As this occurs it becomes extremely difficult to achieve 
individual and national goals.  
 

The Land Grant Philosophy provides an institutional forum for 
renewed concepts and approaches and such as farming systems to take root 
and achieve the desires of individuals and their governments. The risk of 
judging Farming Systems too quickly as a term or a project as opposed  
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to an applied concept is that progress toward developing strong integrated 
research and extension systems in developing countries will be impaired.  
 

Farming Systems is for ordinary people, but we experience an 
identification problem relative to our clientele. First and foremost, as a 
client and participant in the process, is the Farmer. We may be 
overlooking some individuals and organizations that work most directly 
with farmers as important clientele groups. Some of our research and 
extension institutions have become so large and important in and of 
themselves that the clientele focus at the farm level and those who work 
most closely with farmers has been lost in other objectives, goals, 
procedures and bureaucracies.  
 

One of the most important client groups in agriculture to be 
overlooked by the institutional structure is women. The human resource 
component is not complete unless it is viewed in a family perspective. 
Involvement of rural women in this process is not first a question of 
equality but first a question of subsistence and survivability for many 
families. Our role is not to place a hierarchy of goals upon our endeavors 
but to honor a basic clientele need and involvement. The main issue at 
present may be to release women's time for more efficient agricultural 
production and household management. Labor can substitute for scarce 
natural resources and vice-versa. Energy, labor and management time remain 
so limited that many countries are forced to allow natural resource 
depletion to further threaten future security. And women area key to the 
concern. How can the system capture more of men's time for agricultural 
endeavors to complement that of women? How can research and development 
programs address the technical assistance needs of the woman/producer?  
 

Agricultural technology is often not available to either of the 
sexes. That which is available is channeled through institutional 
structures that fail to address the needs of the family because they fail 
to encounter women. Knowing this is one thing; resolving the issue is 
quite another. We can turn the corner on awareness and face the challenge 
of structuring institutions to address family farm needs. Part of the 
solution will be in training programs by and for women coupled with the 
understanding for the family in a delicate role and responsibility 
balance. There is a need to place women in positions where their 
understanding of family relationships can help lead to successful program 
development and implementation. This is not a question of equity but one 
of effective programs delivery.  
 

The U.S. example may not be appropriate in what we now face 
internationally concerning family roles. Changes have occurred. On 
colonial farms, where the labor of both sexes was equally necessary, men 
and women were both producers. The significance of the family as a primary 
economic unit was maintained throughout the 1800's for the majority of 
Americans who continued to live on farms. As the middle class emerged, 
however, a pattern evolved where family began to separate from the world 
of work and money (Hymowitz, 1978).  
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A Philosophy of Agricultural Development  

The intent of farming systems is more than a term and more than a 
concept. Farming Systems is rooted in a philosophy and purpose beginning 
with the U.S. Constitution followed through the Congressional Acts 
creating the Land Grant System as a support base for technology 
development and transfer in agriculture. The concept of Farming Systems 
returns a trust to the farmer that was spelled out early in U.S. history. 
The drift away from that trust has not been one of malice or deliberate 
intent. It has been part of the necessary process to achieve the great 
scientific advances necessary to move agricultural production and 
productivity. The specificity with which it has been effective has been 
both its greatest strength and its most recent weakness. We now attempt 
another phase in the institutional development process which incorporates 
strong component and commodity research programs into research and 
development. It is addressed toward the whole farm and family concern for 
agricultural well being.  
 

Thus the Farming Systems Philosophy is one of several major 
principals. Foremost is the principal of participation by the Farmer and 
those who work most closely with the Farmer in the problem identification 
and resolution process. This participation requires four important 
principals: 1) Trust and Respect - Without trust relationships will 
degenerate to conflict among individuals or institutions. 2) Involvement - 
Decision making needs to be at the lowest level where the facts are most 
obvious. People will support what they help create. 3) Communication - 
People want to know and you to know as much as possible about their work 
environment and their problems. Lack of this knowledge arouses fear and is 
counter productive to successful relationships. 4) Higher expectations

 

 - 
To honor expectations as human traits for survival and advancement is a 
basis for understanding institutional goals.  

In addressing institutional success in the private sector through 
participatory involvement Ouchi writes..."employees do not feel encumbered 
by the need to respond to old and senseless rules and standards. Instead 
they do what makes sense, guided by a definition of what that common sense 
is. Working in such a setting, everyone has the great pleasure of making 
progress, of accomplishing a great deal, and of working together as part 
of a team" (Ouchi, 1981, 135). This philosophy is the root of the Land 
Grant System and is a basis for why "farming systems thought" comes from 
people who have been associated with the Land Grant philosophy. Such a 
philosophical footing is more important even than the implementing 
structure of teachings, research and extension. The philosophy stimulates 
the development of concepts, structures and procedures to achieve 
agricultural success. In our development activity, attention to structure 
solely may not be conducive to success unless we understand and contribute 
to the philosophical underpinnings of these concepts and structures. For 
this reason I am less concerned than many about the rise and fall of the 
term "Farming Systems".  
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Lest there be misunderstanding, I do not believe that we can 
translocate the Land Grant System blindly to other socio-political 
environments. But a participatory philosophy with long-term commitments to 
a supportive policy, infrastructural and institutional environment is 
essential. All of the participants in the system want to know that the 
institutional structure and the support base will be there over time. They 
want to know that the philosophy is intact and that they can count on the 
resulting programs and structures to sustain their activity through 
various concepts, programs and institutions. Participatory involvement 
stimulates an expectation of ethical behavior conducive to long-term 
commitments. This becomes an organizational culture and its evolution. The 
organizational culture takes a form that is congruent with the specific 
institutional environment. Thus, simple transfer of bureaucratic methods 
is inappropriate behavior for an organizational culture. The 
organizational culture we are most interested in nurturing is one that can 
embody a holistic view of problems at the family and farm level. Emphasis 
must be given to the holistic nature of agricultural production and then 
component and commodity concerns become essential and in a context.  
 

 
The Farming Systems Support Project  

The role and responsibility of the Farming Systems Support Project 
is summed up in six C's: It is to communicate with an objective of 
Consistency, to Coordinate with an objective of Consensus and to 
Collaborate with an objective of Congruence in program delivery. The 
method for doing this is to support USAID Missions and bilateral contracts 
with integrated research and extension efforts by focusing upon the Farmer 
as a participatory client. This may be termed farming systems research and 
development or farming systems research and development inclusive of 
farming systems research and extension and farming systems infrastructure 
and policy. It is not the term that is important. The overall philosophy 
directed toward a farmer-client on a participatory basis and the holistic 
approach to that farmer's concerns is important.  
 

Progress toward this noble end began in 1983. Workshops are underway 
for orientation/training purposes that are only the beginning of the 
process. Cooperation has evolved with numerous universities, international 
centers, private consulting firms, and some national institutions in this 
short period of time. Specifically, CIMMYT, SAFGRAD, ICRISAT, WAFSRN/IITA, 
ISNAR, and others have participated in the beginning of this effort. 
Workshops have been held in the United States at the University of 
Florida, Colorado State University, Michigan State University, and VPI. 
Other universities have held in house workshops related to farming 
systems. The process is one of developing awareness leading toward a more 
concerted collaborative response to the broad based needs in agricultural 
development. The FSSP works through  
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USAID missions and directly with national institutions. Several national 
institutions have indicated a strong interest in joining the FSSP support 
base.  
 

The implementation plan for 1984 is being developed and further 
insights will be forthcoming later this week in the annual meeting of the 
FSSP. Emphasis will continue on developing U.S. awareness relative to 
agricultural development, agricultural research and the farming systems. 
To this end the network concept is extremely important as is the support 
entity structure. We need to learn from each other. Early networking goals 
are to capture all of the knowledge and expertise that is available among 
us and make the overall effort of each more successful.  
 

Much of the focus of the FSSP is to listen to those people most 
directly involved in technical assistance with farmers and for those 
people to listen to farmers. The mandate of the FSSP is training, 
networking and technical assistance. I believe the "training" should be 
exchanged for "learning" and that learning should be the major activity of 
the project. Encounters with on-farm teams in Africa suggest that those 
individuals want to talk with other individuals who have the same 
experience. They believe this exchange may be more important than any 
exchange that might occur from the top down. Thus, the network is critical 
and learning is the main objective. If FSSP spends the majority of its 
time listening, and in learning from what we hear, high quality action 
programs may result with significant benefits. We don't have the answers 
so let's listen.  
 

Our general implementation plan must address some major concerns 
related to team building for technical assistance and training. This plan 
will be introduced later in the week and suggests establishing a cadre of 
teams with orientation and training for delivery of programs in 1984. I 
encourage individual universities to see their way clear for developing 
teams including plant scientists, social scientists, and animal 
scientists, for purposes of learning, by practice, some of the holistic 
issues concerning farmers. These teams may interface directly with the 
Farming Systems Support Project. However, I submit that there are needs 
far beyond this project to which your teams might focus. They relate to 
your bilateral contract activities and also to some of your state 
programs. Interest in farming systems is evolving in the U.S. Tor state 
level research and extension efforts.  
 

Emphasis in team development will be given to the following: overall 
philosophy, team design and composition, team responsibilities, team 
member selection, project or program needs, project layout and design 
problems, and start up planning data necessary for team action.  
 

Emphasis will be given to research and extension linkages and in 
particular to extension where much of the farming systems programming have 
fallen short. The research and extension process is not a static activity. 
It is dynamic, requiring more than simply a concept  
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of transfer from institution to institution. Thus, emphasis must be given 
to the inter-relationship between infrastructure and policy for farming 
systems research and extension. These interrelationships must fit within, 
not only a conceptual framework for farming systems but also a 
philosophical structure.  
 

Emphasis specifically must be given to the concern for managing 
farming systems programs and administration of those related institutions. 
The concept of management permeates the entire vertical system within 
which agricultural research and extension operates as well as those 
horizontal structures at various levels. Not to address management 
carefully, and I quote Bob Waugh, is to say that, "Management without 
organization is like having an automobile and no roads." It is in the 
management area where we must, in Don Winkleman's terms, "Mind the 
interactions." He indicates that we must mind the interactions within the 
farming system; it is the interactions that tend to make a farmer perform 
in certain ways relative to decision making. I contend also that we must 
mind the interactions within the institutional structures that will 
accommodate successful research and extension programs.  
 

Finally, the importance of the Farming Systems Support Project with 
respect to AID participating support entities and BIFAD can only emerge 
over time. Our intent is that the FSSP should be a silent partner in this 
process, silent only in that it is a support element. It is the mortar and 
not the bricks. Communication obviously is very necessary, yet it is the 
bricks that give substance to the final structure. Our intent then is to 
support in every way the Title XII mandate and the collaborative mode as 
appropriate among the universities and AID. We take our signals from the 
AID Bureaus and from BIFAD as well as the support entities and the AID 
Missions. The communication and support role will provide something that 
has been lacking in U. S. technical assistance programs. Many of the 
structures that may evolve and be established by the FSSP will be absorbed 
by the systems. My greatest hope is that the FSSP becomes ultimately 
successful and invisible. Isn't that what we really want from farming 
systems research and extension?  
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LIVESTOCK IN FARMING SYSTEMS RESEARCH  
 
 

R.H. Bernsten, H.A. Fitzhugh, and H.C. Knipscheer  
 
 

 
INTRODUCTION  

Over the past ten years, Farming Systems Research and Development 
(FSR/D) strategies have grown in acceptance as an effective approach to 
agricultural research and development. To date, projects employing this 
approach have largely focused on the cropping components of the farming 
system, ignoring the livestock subsector.  
 

This paper reviews the contribution of livestock to farming systems 
and the national economy and draws attention to the need for explicitly 
including a livestock component in FSR/D projects. A typology of livestock 
systems is presented to provide a general framework for describing the 
diversity that characterizes agricultural systems and the role of 
livestock. Several ongoing programs, networks, and projects that focus on 
the livestock component of the farming system are briefly described. Using 
the generally accepted stages in a FSR/D project as a guide, problems that 
are encountered in utilizing elements of the generally accepted cropping 
systems methodology to implement livestock systems projects are discussed 
and adaptations to livestock farming systems are suggested. Finally, 
future directions in FSR/D are proposed, with particular reference to the 
livestock component.  
 
 

 
CONTRIBUTIONS OF LIVESTOCK TO AGRICULTURAL DEVELOPMENT  

 
Contributions of Livestock  

The contributions of livestock include protein for human 
consumption, draft power for production, reserves of food, capital 
accumulation, and value added in production, manure for plant production, 
equity in development, environmental stability, and, finally, Gross 
Domestic Product and export earnings (Fitzhugh et al., 1978). Each of 
these is discussed briefly below.  
 

Protein source. Animals are a major protein source in developing 
countries. In terms of "digestible protein retained," meat and milk 
products account for 12%, 17%, 22%,  
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and 35% of total plant and animal protein consumed in the Far East, 
Africa, the Near East, and Latin America, respectively (table 1). Animal 
protein is important, not only in terms of quantity, but also with respect 
to quality. Products such as eggs, beef, lamb, poultry, milk, and fish 
contain almost all the amino acids required for humans, compared to plant 
protein that typically provides 75% or less of the required amino acids 
(Pino and Martinez, 1981).  
 
TABLE 1. PRODUCTION OF DIGESTIBLE PROTEIN RETAINED IN ANIMAL AND PLANT 

PRODUCTSa 
 
 Animal 

products 
Plant 

products 
 

Total 
 

% animal 
  

(thousand metric tons) 
 
Africa 

 
  564 

 
 2,708 

 
 3,272 

 
17 

Latin America 2,120  3,914  6,034 35 
Near East   631  2,196  2,827 22 
Far East 1,452 10,258 11,710 12 
     
Total 4,767 19,076 23,843 20 
     
China, North Korea 
North Vietnam 
 

2,311 10,866 13,177 18 

Source: Derived from data in the FAO Production Yearbook, 1974. 
 
a Calculations were based on the following percentages of crude protein, 

digestibility of crude protein, digestible protein retained, respect-
tively:  

 
meat          (16.0,  89.0,  76.0);  
milk           (3.1,  97.0,  90.0);  
eggs          (13.0,  90.0, 100.0);  
cereals        (8.1,  78.0,  58.0);  
pulses, nuts  (25.0,  82.0,  75.0);  
vegetables, fruits,  
root crops     (1.1,  59.0,  50.0). 
 
 

Since animal products have a high income elasticity of demand, the 
demand for animal protein is expected to expand as development occurs. 
Unless livestock production in-creases to meet this demand, developing 
countries will either have to spend scarce foreign exchange to import 
animal protein or experience sharp increases in the cost of these 
products, effectively eliminating them from the diets of poorer consumers.  
 

Draft power. Livestock are a major supplier of draft power in the 
third world--provided by a diversity of species including oxen, water 
buffalo, horses, mules, and camels (Goe and McDowell, 1980; ILCA, 1981). 
FAO estimates that in Africa, the Near East, the Far East, and Latin 
America, animals provide over 75% of the traction power and in India  
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the contribution approaches 99% (table 2). Draft power not only reduces 
the drudgery of land preparation, but also facilitates timely planting and 
enables farmers to cultivate a larger land area than would be possible 
with only human labor. Particularly among small mixed crop-livestock 
farms, animals will continue to supply draft power due to the high cost of 
fossil fuel and their ability to use low-quality crop residues. Analysis 
of FAO data suggests the total demand for animal power will increase at an 
annual rate of .8% per year (Ramaswamy, 1981).  
 
TABLE 2. ANIMAL AND TRACTOR POWER USED IN AGRICULTURE IN SELECTED REGIONS 

AND COUNTRIES  
 
 

Animal 
103 Mcal1 
Mechanical Total 

Animal 
(% total) 

     
Regions     
     
Africa  2,095   449  2,544 82 
Far East2 19,591   282 19,873 99 
Near East  3,320   436  3,756 88 
Latin America  6,731 2,289  9,020 75 
     
Selected Countries     
     
Morocco    231    102     33 69 
India 15,481    119 15,600 99 
Japan    200 1 ,466  1,666 12 
Turkey  1,480    192  1,672 88 
Brazil  2,604    326  2,930 89 
Spain    536    520  1,056 51 
Greece    293    135    428 69 
South Africa     24    535    559  4 
Italy    800  1,557  2,357 34 
Argentina    671    568  1,339 54 
France    902  2,883  3,785 24 
Germany (Fed. Rep.)    378  3,453  3,831 10 
U.S.     28 21,238 21,266  1 
 
Source: McDowell (1979). 
 
1Mechanical power expressed as animal power divided by five: animal power 
converted to Mcal equivalents. 

2Excluding China. 
 
 

Food reserve. Animals play an important role as food reserves, 
particularly desirable in agricultural systems and most subject to 
climatic irregularities. Livestock serve as the arid and semiarid 
rangelands of Africa, who keep cattle,  



 67 

sheep, and goats. While a large percentage of the herd may die during 
droughts when forage is in short supply, sufficient numbers survive to 
sustain the human population and serve as a foundation stock for 
rebuilding the herd when the rains come (Dyson-Hudson, 1982).  
 

For pastoral and mixed crop/livestock producers, small ruminants are 
particularly appropriate as food reserves. Their small size reduces waste 
and storage problems when slaughtered to meet food requirements.  
 

Capital accumulation

 

. Livestock serve as a living bank of reserve 
capital that can be converted to cash as required. This fund can be drawn 
upon to cover crisis cash needs such as medical expenses, periodic 
requirements such as school fees, and agricultural investment (Mink, 
1982). In addition, large ruminants represent a stock resource whose draft 
power services can be sold to generate family income.  

Value added

 

. Livestock provide a mechanism for converting low value 
household and community-owned forage and family-owned labor resources into 
high value products. In extensive cattle, sheep, and goat systems, these 
stocks are grazed on land that has practically no alternative use. 
Particularly in intensive confined systems such as in Java (Indonesia), 
small ruminants are typically fed low value crop residue and grass 
harvested from public lands (Thahar and Petheram, 1983). In both grazing 
and confined systems, children supply labor that has a low opportunity 
cost--providing an opportunity for them to contribute to family income 
generation. Household processing of livestock products employs household 
labor to convert live animals and their products into marketable products 
such as dried meat, fiber, pelts, ghee, and cheese--often in the dry 
season when the opportunity cost of family labor is low.  

 
Manure

 

. Animal manure contributes significantly to the household 
production system. Manure is valued as a source of nutrients in crop 
production, as a building material, and in parts of Asia such as 
Bangladesh and India it is a major source of cooking fuel (Foster, 1982). 
These uses are particularly important in the more subsistence oriented 
agricultural sector that functions outside the market economy. Also, as a 
substitute for fuel wood, dung reduces the pressure on forest resources.  

Equity. Livestock have potential for contributing to equitable 
development. Because crop production is land based and land is inequitably 
distributed in many developing  
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countries, technical innovations in crop agriculture have not directly 
benefitted the landless. Because livestock production--particularly 
confined systems--are not dependent on land ownership, they provide food 
production and income generation opportunities for the landless (Sabrani 
et al., 1982). Also, because livestock products are, in large part, 
consumed by higher income members of the population in urban areas, 
livestock are a channel for the flow of urban wealth to the rural poor.  
 

Risk reduction

 

. Risk, due to yield and price fluctuations, makes 
crop dependent systems particularly fragile. Systems that include both 
crop and animals add diversity to the sources of food and income, provide 
opportunity for flexible management strategies, and, as a consequence, 
provide greater income stability.  

Environmental stability

 

. Environmental degradation is a significant 
problem in many developing countries. Due to population pressure, 
rangeland, hillsides, and forests are being converted to crop production. 
Crop production on these marginal lands exposes the household to a greater 
level of risk and also contributes to soil erosion, which reduces the long 
run agricultural potential of the area. Livestock systems that are 
economically attractive can halt and reverse these processes by providing 
production alternatives that are environmentally stable. In Indonesia, 
this problem is being addressed through upper watershed development 
projects where the fragile uplands are being transformed with bench 
terracing, introduction of improved crop production systems, introduction 
of forages to stabilize the terraces and supply feed to small ruminants, 
and the provision of livestock to upland farmers (USAID/GOI, 1983).  

Gross domestic product. Livestock contribute a major share to the 
gross domestic product in developing countries. Available data suggest 
that livestock products provide about 30% of the GDP in Latin America, 21% 
in Africa, and 23% in the Middle East (table 3). These values probably 
underestimate the real contribution because intermediate products like 
traction power and manure are hard to estimate. As a result of rising 
income levels, the demand for meat is projected to increase at an annual 
rate of 4.4% per year in market developing economies, compared to 3.3% per 
year for cereals (United Nations, 1974). Consequently, livestock have the 
potential for contributing an increasing share to GDP.  
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Table 3. Contribution of Livestock to GDP from Agriculture 
 

 % of Total 
Agriculture 
Accounted 
for by 

Livestock 

% of Total 
Food 

Accounted 
for by 

Livestock 

 % of Total 
Agriculture 
Accounted 
for by 

Livestock 

% of Total 
Food 

Accounted 
for by 

Livestock 
AFRICA 21 23 Northern Asia   
Northwestern Africa 13 14  Japan 15 16 
 Algeria 30 30  Korea  5  5 
 Benin  1  1 Latin America 30 35 
 Cameroon  7  9 Central America 25 30 
 Ghana  5  5  Costa Rica 20 27 
 Guinea 11 11  Dom. Rep. 27 30 
 Liberia  3  5  El Salvador 17 32 
 Morocco 28 28  Guatemala 17 27 
 Nigeria 10 10  Haiti 18 25 
 Senegal 12 12  Honduras 24 31 
 Sierra Leone  2  2  Jamaica 24 25 
 Tunisia 32 33  Mexico 27 30 
 Upper Volta 15 16  Nicaragua 23 38 
Northeastern Africa 28 33  Panama 21 22 
 Egypt 20 25 N. South America 29 34 
 Ethiopia 43 47  Bolivia 31 33 
 Sudan 27 34  Brazil 30 35 
Southern Africa  26 31  Colombia 25 33 
 Angola 16 24  Ecuador 14 15 
 Burundi  4  4  Guyana  6  6 
 Kenya 24 36  Peru 14 17 
 Malagasy Republic 25 29  Venezuela 54 54 
 Zimbabwe 27 36 S. South America 40 45 
 Rwanda  4  4  Argentina 37 41 
 South Africa 35 38  Chile 52 54 
 Tanzania 18 23  Paraguay 28 33 
 Uganda 24 32  Uruguay 69 85 
ASIA   North America   
Near & Middle East 23 26  Canada 35 36 
 Iraq 65 68  United States 51 - 
 Israel 40 44 Oceania   
 Syria  2  3  Australia 59 82 
 Turkey 17 19 Europe 47 47 
 Greece 27 33  Eastern 37 37 
Southern Asia    Western 54 54 
 Iraq 35 38 Russia 40 43 
Southwest Asia   World 39 41 
 Sri Lanka  2  5    
East Asia      
 Malaysia West  1  1    
 Philippines 18 18    
Sources: USDA-ERS, 1975 Indices of Agricultural Production in Africa and Near East,  
   Western Hemisphere excluding the United States and Cuba, the far East and  
   Oceania. USDA-ERS, 1976 Agricultural Outlook AO-17. 
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Export earning

 

. Livestock products constitute a source of foreign 
exchange earnings where domestic production exceeds domestic demand. Among 
USAID recipient countries, live animals and meat are the most important 
foreign exchange earners. Except for Botswana, Cameroon, Kenya, and 
Swaziland, most of the African group export live animals, primarily from 
the Sahel. While recipient countries in the Far East also export mostly 
live animals, some Latin American and Asian countries do export processed 
meat. Yet, only the African Sahel and some Latin American countries are 
major exporters among the designated countries (table 4).  

 
Significance of Livestock Contributions  

One of the significant features of the contributions that livestock 
make to agriculture is the extent to which it creates intermediate 
products, e.g., manure, draft power, etc., and, as such, is part of the 
inputs, and even of the capital stock, of the farm operation. This 
feature, of course, is what makes livestock so important in agricultural 
development. It also tends to complicate analysis of the role of livestock 
in farming systems, since farm gate delivery of livestock products, which 
is easier to measure, represents only a portion of its contribution, and 
since farmer objectives with respect to livestock production tend to be 
more complex than those that relate to plant production.  
 
 

 
TYPOLOGY OF LIVESTOCK SYSTEMS  

Natural resource endowment, historical coincidence, and cultural 
values determine the role animals play in the agricultural system. Thus, 
the systems that have evolved vary from country to country. Due to the 
environmental and socioeconomic diversity found in a region or within a 
country, several systems may be found in a single country, and sometimes 
in quite small geographical areas.  
 

A proposed classification of farming systems by region is presented 
by McDowell and Hildebrand (1980). A more aggregated worldwide 
classification divides world livestock systems into three types: animal-
based, crop-and animal-based, and crop-based systems; with nine subclasses 
in developing countries (Winrock, 1981; Fitzhugh, 1983). This typology is 
based on climate (primarily rainfall), predominant animal type, species, 
and predominant type of crop. It provides a general framework for 
categorizing farming systems from a livestock perspective. These systems 
are not mutually exclusive as some overlap occurs. Table 5 summarizes the 
classification.  
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Table 4. 1979 Exports of Livestock and Meat Products 
 (Thousands of Dollars) 

 LIVE ANIMALS MEATS 

TOTAL CATTLE 
SHEEP AND 
GOATS 

FRESH, 
CHILLED 
OR FROZEN 

SALTED, 
DRIED OR 
SMOKED 

CANNED 
MEATS 

AFRICA 
BOTSWANA $    0 $  230 $76,300  $  0 $   0 $76,530 
CAMEROON  1,350     80   2,640     0     0   4,070 
ETHIOPIA    979  1,021     180     0 1,200   3,380 
GHANA      0      0       0     0     0       0 
KENYA    390      0   4,585 1,182 4,263  10,420 
LESOTHO  4,500      0       0     0     0   4,500 
LIBERIA      0      0       0     0     0       0 
MALI 22,000 10,400       0     0     0  32,400 
MAURITANIA 13,000 14,000       0     0     0  27,000 
NIGER 13,000  2,650     130    50     0  15,830 
SENEGAL      0    260       0     0     0     260 
SOMALIA 12,000 53,000       0     0     0  65,000 
SUDAN  3,600 27,000       0     0     0  30,600 
SWAZILAND      0    610   5,000     0   700   6,310 
TANZANIA      0      0       0     0   450     450 
UPPER VOLTA  9,000  8,400       0     0     0  17,400 
ZAIRE      0      0       0     0     0       0 
BENIN      0      0       0     0     0       0 
BURUNDI  5,000    125       0     0     0   5,125 
GAMBIA      0      0       0     0     0       0 
GUINEA  8,400    910       0     0     0   9,310 
MALAWI      0      0       0     0     0       0 
RWANDA  7,500     85       0     0     0   7,585 
SIERRA LEONE      0      0       0     0     0       0 
TOGO      0      0       0     0     0       0 
ZAMBIA      0      0       0     0     0       0 

LATIN AMERICA 
BOLIVIA 30,000      0       0     0     0  30,000 
CHILE      0    500   5,000     0     0   5,500 
COLUMBIA 78,000      0  27,012     0     0 105,012 
COSTA RICA    797      0  80,420     0 2,200  83,418 
DOMINICAN REP.      0      0   3,600     0     0   3,600 
EQUADOR      0      0       0     0     0       0 
EL SALVADOR      0      0  15,460     0     0  15,460 
GUATEMALA  9,000      0  33,410   250 2,300  44,960 
GUYANA      0      0       0     0     0       0 
HAITI      0      0   2,950     0     0   2,950 
HONDURAS 40,000      0  54,000     0     0  94,000 
JAMAICA      0      0       0     0   500     500 
NIGARAGUA 99,000      0  95,527     0   530 195,057 
PANAMA    270      0   2,500     0     0   2,770 
PARAGUAY  8,000      0   4,572     0   828  13,400 
PERU      0      0   1,000     0     0   1,000 
URUGUAY  8,956  1,379 101,694     0 3,700 115,729 

NEAR EAST 
EGYPT      0 10,085     281     0     2  10,366 
JORDAN      0    341       0     0     0     341 
LEBANON      0      0       0     0     0       0 
MOROCCO      0      0   4,300     0     0   4,300 
SYRIA      1  8,955       0     0     0   8,956 
TUNISIA      0      0     600     0     0     600 
N. YEMEN      0      0       0     0     0       0 

ASIA 
BANGLADESH      0      0   6,000     0     0   6,000 
BURMA      0      0       0     0     0       0 
INDIA  1,200  4,200  33,500     0     0  38,900 
INDONESIA      0      0   7,300     0     0   7,300 
KOREA REP.      0      0  47,183   245   159  47,587 
NEPAL  3,320      0       0     0     0   3,320 
PAKISTAN    190     16       2     0     0     208 
PHILIPPINES      0      0     570     0     0     570 
SRI LANKA      0      0       0     0     0       0 
THAILAND 12,000      0  25,529      0     0  37,529 
Source: Winrock (1981) 
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Animal-based Systems  

In animal-based systems, the major share of the population derives 
most or in some instances all of their income from livestock and the land 
base is largely used for live-stock production. Ruminants predominate as 
the major feed source is unimproved rangeland or permanent pasture range.  
 

Pastoral migration of cattle, sheep, and goats

 

. This system is found 
in very low rainfall areas (100 mm or less), primarily in Africa and the 
Near East. Although only 12% of the agricultural population in Africa 
falls into this category, 35% of the grazing land and ruminant units are 
associated with the system (table 5). Producers raise very few non-
ruminants, but typically graze mixed herds of cattle, sheep, and goats to 
take advantage of the somewhat complementary food habits of each species.  

In some areas of Africa, pastoralism is linked with mixed farms 
(systems). In many pastoral systems, milk for household use is the most 
important product with meat perceived as a byproduct. Due to variability 
in rainfall in the rangeland, a major production strategy is tracking the 
environment, i.e., moving stock between water points and green flushes of 
forage to sustain the herd (Western, 1982).  
 

Pastoral sedentary cattle

 

. This system predominates in medium 
rainfall (1000 mm to 2000 mm) areas--predominantly in Latin America. While 
only 37% of the agricultural population is associated with pastoral 
sedentary cattle in Latin America, 70% of the grazing land and 74% of the 
ruminants may be included in this category (table 5). This system has two 
subtypes: Subtype 1 involves extensive grazing, primarily to produce meat 
on large ranches. Subtype 2 involves intensive grazing to produce both 
milk and meat (dual -- purpose) on small and medium farms.  

 
Mixed Crop and Animal Systems  

In mixed crop and animal systems, a significant proportion of the 
household income is derived from crop and livestock enterprises which are 
both competitive and complementary with respect to household resource use. 
The relative importance of crop and animal components varies between 
subsystems.  
 

Mixed farms with cattle, sheep, and goats: millet and sorghum. This 
system is found in low rainfall areas (500 - 1000 mm), principally in 
Africa, but also in Central America, Sometimes chickens are included, but 
seldom pigs.  
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Table 5. The relative importance if different animal production systems in countries with USAID 
missions in Africa, Near East, Asia, Latin America, and the Caribbean. Importance is 
measured in % of the agricultural population (% AP), % grazing land (% GL), and % ruminant 
animal units (% RAU) associated with the different systems. 

 

 
 

SYSTEM TYPE GEOGRAPHIC AREAS 

 AFRICA NEAR EAST ASIA 
LATIN AMERICA 
AND CARIBBEAN 

 - % - - % - - % - - % - 
 AP GL RAU AP GL RAU AP GL RAU AP GL RAU 
I. Animal-based farms 12 35 35 -- -- -- -- -- -- 37 70 74 
A. Low rainfall; pastoral migration of 

cattle, sheep, and goats. 
12 35 35 * * * -- -- -- -- -- -- 

B. Medium rainfall; pastoral, cattle: 
Subtypes, I = extensive grazing for 
meat; 2 = intensive, milk and meat. 

-- -- -- -- -- -- -- -- -- 37 70 74 

II. Mixed crop and animal farms 58 56 59 51 99 76 77 60 92 55 29 24 
A. Low rainfall; cattle, sheep, and 

goats; millet and sorghum. 
13 15 12 10 22 16 -- -- -- -- -- -- 

B. Low rainfall; camels, cattle, sheep, 
goats; wheat, clover. 

-- -- -- 31 51 48 -- -- -- -- -- -- 

C. Medium rainfall: cattle, sheep, goats; 
pigs and chickens; maize or wheat. 

42 40 46 10 27 12 26 28 33 44 26 19 

D. High rainfall; buffalo cattle; rice or 
roots and tubers. 

3 1 1 -- -- -- 51 32 59 11 3 5 

III. Crop-based farms 29 8 5 48 1 24 23 40 8 9 1 1 
* This system is important in the Near East; the analytical procedures used to characterize countries 

makes the system appear unimportant. 
 
Source: Winrock (1981) 
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In Africa, this system is often linked with migratory grazing systems.  
 

Mixed farms with cattle, camels, sheep, and goats: wheat and clover

 

. 
Found in medium rainfall zones, or low rainfall irrigated areas, this 
system is most frequently observed in the Near East. Camels provide draft 
power as well as meat and milk. Sheep and goats are fed crop residue 
and(or) grazed on clover.  

Mixed farms with cattle, sheep, goats, pigs, and chickens: maize or 
wheat

 

. This mixed system occurs in medium to high rainfall zones 
throughout the world where a diverse mix of crops, ruminants, and non-
ruminant animals can be supported, except in the Middle East. In Africa 
and Latin America, maize is the main food crop while in south Asia wheat 
is dominant.  

Mixed farms with water buffalo and cattle: rice or roots and tubers

 

. 
This system is found in high rainfall areas, predominantly in Asia in 
association with over 50% of the population and ruminant animal units 
(table 5). In addition, it occurs in parts of Latin America and Africa. 
Pigs and chickens are often found in this system along with small 
ruminants and cattle and water buffalo for draft power.  

 
Crop-based Systems  

Crop-based systems vary significantly from area to area. In all 
cases, crop production is the dominant activity with livestock fitting 
into the system to meet specific needs such as draft power, manure 
production, and asset accumulations. In Africa, Asia, and Latin America, 
few ruminants are included. However, in the Near East, 24% of the ruminant 
units are found on crop-based farms--indicating the importance of crop 
residues (table 5). Crop-based systems include three basic subtypes in 
which animals are important.  
 

Large-scale plantation crops

 

. Here, ruminants play a complementary 
role by harvesting weeds and undesirable plants growing between the 
cultivated species.  

Specialized cash crop commercial farms

 

. Ruminants are utilized to 
convert crop residue and by-products from agro-industry into high value 
animal products.  

Small-scale farms primarily producing food crops. Typically, 
livestock are raised as a source of family food  
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(milk, eggs) and for income from the sale of animal products.  
 

 
Relative Importance of Types  

Using the typology presented, aggregate statistical data were used 
to estimate the relative importance of each system, in terms of the 
percentage of agricultural population, grazing land, and ruminant animal 
units (table 5). Mixed crop and animal systems are the predominant type in 
all geographical regions. Crop-based systems are most common in the Near 
East and occur least frequently in Latin America and the Caribbean. 
Finally, livestock-based systems are important primarily in Latin America 
and the Caribbean and Africa.  
 

The methodology used to develop table 5 has three major weaknesses. 
First, the predominant system found in each country was used as the basis 
for classifying that country because sub-national data are not available 
on a worldwide basis. Second, the ratio of ruminant animal units to 
economically active population was used to classify a country as 
livestock-based, mixed, or crop-based. If a ratio of grazing-to-arable 
land had been used, the results would have been slightly different. 
Finally, the analysis does not explicitly consider non-ruminants (pigs, 
chickens, and aqua-culture). However, the results do provide an overview 
of the relative importance of the systems considered and, as such, are a 
useful first approximation that can be refined on a country-by-country 
basis by researchers involved in FSR/D projects. In addition, the results 
point out the importance of mixed crop and animal farms throughout the 
regions considered.  
 
 

 
FARMING SYSTEMS ACTIVITIES WITH MAJOR LIVESTOCK COMPONENTS  

Numerous definitions have been proposed to describe Farming Systems 
Research and Development (FSR/D)--an approach that has become a widely 
accepted strategy for organizing agricultural research in order to 
maximize its impact on development (Norman, 1980; Gilbert et al., 1980; 
Collinson, 1983; Zandstra et al., 1981; Shaner et al., 1981). These 
definitions focus on the characteristics of the client, importance of a 
multidisciplinary systems approach, and specific stages that are 
recommended to achieve the development objectives.  
 

These definitions are useful in laying out broad parameters that 
differentiate FSR/D activities from alternative  
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approaches. At the same time, there is a danger in definitions that are 
restrictive or that are used to "certify" whether a particular 
project/activity is a true FSR/D effort. As our experience in FSR/D is 
relatively short few projects have functioned more than five years-we have 
little empirical basis for asserting that specific procedures are 
essential or more effective than alternatives in improving rural 
agricultural welfare. If FSR/D is to have a long-term impact-and not fade 
as another strategy that failed--philosophers and practitioners must be 
both eclectic and self-critical. FSR/D must not loose its initial vigor as 
a dynamic methodology. To remain relevant, it must evolve in response to 
differences between and within countries -- in terms of the historical, 
environmental, cultural, administrative, economic, and manpower resources.  
 

Consequently, in this discussion, we simply define FSR/D in terms of 
the key words in the acronym. The focus of attention is the farming 
activity and the farmer as decision maker. The approach looks at the 
system in which the farmer operates, and takes into account the 
multiplicity of phenomena affecting his/her production and consumption 
decisions. Attention is given to the environment; to biological, social, 
cultural, and institutional factors; to linkages and interactions among 
and within enterprises; to the community, the region, and even the nation. 
Initial activities involve applied research to identify constraints and 
opportunities for increasing the productivity of the farming system. 
Ultimate success is judged in terms of the development

 

 impact on the 
target producers and farming systems. The FSR/D approach implies 
responsibility for translating research results into appropriate 
development policy responses. FSR/D is the subset of research that uses an 
applied systems approach to effect development to improve the welfare of 
the farmer and his household (figure 1).  

While the FSR/D approach is applicable to livestock as well as crop-
based farming systems, it must be applied most vigorously in a mixed crop-
-livestock farming system due to the high degree of complementary and 
competitive relationships in these systems. The focus of attention of this 
paper is FSR/D in farming systems in which livestock make a substantial 
contribution to household welfare.  
 

Farming systems activities with a livestock focus may be classified 
as programs, networks, and projects. Programs are defined as research and 
development activities primarily managed by a single institution with a 
long-term program commitment and implemented at several third world 
locations by its own field staff. Networks are activities that  
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involve a high degree of collaboration between individuals, projects or 
institutions with a shared purpose. Projects are activities that are 
typically implemented in a single country at one or more sites--sometimes 
funded through aid programs and sometimes through national resources.  
 

 
Programs With a Livestock Focus  

A number of farming systems research programs with a strong emphasis 
on livestock systems are currently underway. The programs listed (table 6) 
are an initial compilation to be expanded as additional programs come to 
our attention.  
 
International Livestock Centre for Africa (ILCA)  
 

Established in 1974 as a CGIAR center, ILCA conducts research to 
guide development of improved livestock production and marketing systems, 
trains livestock specialists in the region, and collects documentation 
useful to the African livestock industry. Because of a history of failure 
for livestock interventions, and because of the complex social, economic, 
and ecological constraints that are associated with livestock production, 
ILCA emphasizes the systems approach which is based upon a thorough 
understanding of livestock production systems. Baseline data are 
collected, constraints are identified through use of careful monitoring, 
and interventions are carefully tested, both on and off the research 
station. Biological, social, and economic riteria are used in testing 
interventions.  
 

Research is being conducted on four major livestock production 
systems in decentralized subprograms (ILCA, 1981a; ILCA, 1983).  
 

The arid-zone program (300 - 600 mm of rainfall/year

 

). This program, 
based in Mali, concentrates on two livestock production systems: the 
transhumant pastoral system and the agropastoral system associated with 
rainfed millet. Research has been directed at understanding the dynamics 
of the system through, for example, animal nutrition and growth studies, 
household surveys, livestock productivity surveys, and key informant 
territorial organizational surveys. Having identified inadequate nutrition 
as a major constraint, interventions have included grazing trials in the 
transhumant pastoral system and the introduction of forage crops into the 
millet based agropastoral system.  

The humid zones program

 

. This program, based in Nigeria, studies two 
systems. In the sheep goat production  
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Table 6. Farming systems programs that include livestock research. 
 

Institution Target 
environment 

Research 
locations 

Target livestock Primary 
associated 
food crops System Species 

ILCA Arid zone 
rangeland 
 

Mali Transhumant 
pastoral 

Cattle None 

  Mali Agropastoral Cattle, 
oxen, and 
small 
ruminants 
 

Millet 

 Subhumid 
zone, 
forest and 
derived 
savanna 

Nigeria Limited 
grazing, 
sedentary 
crop-
livestock 
 

Sheep, 
and goats 

Food crops 

 Humid zone Northern 
Nigeria 

Transhumant 
pastoral in 
transition 
to sedentary 
pastoral 
 

Cattle 
(dairy) 

Limited 
sorghum, 
maize, 
grain, 
legumes, 
and root 
crops 

 Highlands Ethiopia Mixed crop-
livestock 
smallholders 
 

Cattle 
(dairy) 
and oxen 

Teff 

 Arid and 
semiarid 
rangeland 
 

Kenya, 
Botswana 
Ethiopia 

Pastoral Cattle, 
sheep, 
and goats 

None 

ICARA Arid and 
semiarid 
North and 
West Africa 
 

Syria Rainfed 
crop-
livestock 

Sheep Barley 

SR-CRSP Upland Kenya Mixed crop-
livestock 

Dual –
purpose 
goats 

Maize, 
beans, 
sorghum, 
and 
cassava 
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Table 6. (Cont.)  
 

Institution Target 
environment 

Research 
locations 

Target livestock Primary 
associated 
food crops System Species 

SR—CRSP  
(cont.) 

Upland and 
Lowland 

Indonesia Mixed crop-
livestock 

Sheep and 
goats 
(meats) 
 

Rice, corn, 
and legumes 

Highland Peru Pastoral Sheep and 
alpaca 

Potatoes, 
barley, wheat, 
and maize 
 

Semiarid 
rangeland 

Brazil Sedentary 
pastoral 

Sheep and 
goats 
(meat) 
 

Cotton, maize, 
and beans 

Semiarid 
rangeland 

Morocco Sedentary 
pastoral 

Sheep and 
goats 

Wheat, barley, 
and pulses 
 

CARDI Wet/dry 
tropics 

Caribbean 
Islands 

Mixed crop-
livestock 

Cattle, 
sheep, 
and swine 
 

Banana, yams, 
and aroids 

CATIE Humid and 
wet/dry 
tropics 

Central 
America 

Mixed crop-
livestock 

Cattle 
(dual 
purpose) 
 

Maize, beans, 
cassava, and 
sorghum 

CIAT Acid 
infertile 
soils 
 

Latin 
America 

Sedentary 
pastoral 

Cattle None 

WSARP Arid/ 
semiarid 

Sudan Transhumant 
pastoralists, 
sedentary 
mixed crop-
livestock 
 

Cattle, 
sheep, 
and goats 

Millet, 
sesame, 
groundnuts, 
and sorghum 

Winrocka Semiarid 
rangeland 

Kenya Pastoral Cattle, 
sheep, 
and goats 
 

None 

Humid and 
wet/dry 
tropics 

Haiti Mixed crop-
livestock 

Goats and 
sheep 

Banana, maize, 
sorghum, 
pigeon 
pea, and beans 

aWinrock projects in addition to programs under the SR-CRSP in Indonesia, 
Kenya, Brazil, and Peru. 
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system in the sub-humid zone, initial research identified health and 
nutrition as major constraints to productivity under village conditions. 
Health and nutrition interventions have been tested, including the 
introduction of a grass and legume mix, and the interplanting of perennial 
browse species such as Leucaena leucocephala and Glyricidia sepium

 

 into 
food crops to increase the forage supply. In the humid cattle production 
system--in transition from pastoral to sedentary-research has focused on 
increasing milk production. After initial studies identified inadequate 
nutrition as the major constraint, forage crops such as stylosanthes have 
been introduced as an intercrop with the sorghum and maize crop and the 
effects have been monitored. Studies have also been initiated to evaluate 
how land tenure arrangements may impede adoption.  

The highlands program (800 - 1200 mm rainfall/year).

 

 This program is 
based in Ethiopia (Gryseels, 1983). In it, mixed smallholder systems 
associated with teff are being investigated. The program began with 
baseline and continuous surveys to analyze the system and identify con-
straints and potentials. Field trials are conducted on both researcher 
managed farms and on farms of participating producers who have adopted the 
improved practice. Trials have focused primarily on increasing milk 
production by introducing crossbred dairy cows and forages to address 
nutritional constraints. To encourage farmers to grow these forage crops, 
improved farming practices have been introduced for traditional food 
crops--permitting producers to meet subsistence needs on smaller land 
areas. Research has also been conducted on animal traction, testing 
different breeds, crossbreeds, and implements (ILCA, 1981b).  

Rangeland monitoring programs

 

. These programs have been carried out 
in Ethiopia, Botswana, and Kenya where major rangeland livestock 
development projects have been implemented. In the semiarid area of Kenya, 
the program has focused on characterizing the production system of Masai 
pastoralists operating in group ranches. The interdisciplinary team has 
carried out producer surveys, ecological and livestock monitoring, social 
and economic studies and is currently planning pre-extension (on-range) 
trials of interventions to relieve identified constraints to sheep, goat, 
and cattle productivity.  

International Center for Agricultural Research in Dry Areas (ICARDA)  
 

Established as a CGIAR center in the mid-1970s, ICARDA has programs 
in farming systems, cereals, legumes, and  
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forages targeted towards rainfed agriculture in the arid and semiarid 
areas of North Africa and West Asia. The goal of the farming systems 
livestock group is to conduct studies to "identify, design, and test 
husbandry practices which are compatible with the cropping system, improve 
animal performance to economically optimal levels and improve income 
levels and income stability of farmers" (ICARDA, 1982). This is achieved 
through surveys, monitoring, testing of interventions on unit farms 
designed to simulate farmer's environment, and on-farm forage trials.  
 

This effort focuses around three main research components. First, 
the crop-livestock systems component is directed at diagnosing the current 
system's interrelationships and constraints so that viable alternative 
techniques and husbandry practices may be designed. The second component 
deals with animal production from pasture and forage crops. It 
concentrates on the design and testing stage of FSR. Tests examine the 
performance of grazing lambs on a vetch pasture that replaces fallow on a 
barley-fallow rotation on unit farms; and the potential of a vetch/cereal 
mixture fed as hay to breeding flocks in the winter, Farmer-managed on-
farm tests are being performed to evaluate the feasibility, acceptability 
and performance of several pasture species; and the nutritional value and 
voluntary intake by sheep of pastures, hay, and straw from selected feed 
sources are being evaluated. The third component concentrates on the 
diagnostic and design stages in FSR, including quantifying ewe and lamb 
live weight, determining the effect of body condition on reproduction 
parameters, and the effect of supplementation on ewe live weight, milk 
production, and on suckling lambs.  
 
Small Ruminant Collaborative Research Support Program (SR-CRSP)  
 

The SR-CRSP is a consortium of U.S. universities and one research 
institute that have been contracted by USAID to conduct research on small 
ruminants with host country institutions in Indonesia, Peru, Brazil, 
Morocco, and Kenya. The primary goal of the Small Ruminant CRSP program is 
to improve meat, milk, and fiber production from sheep, goats, and alpacas 
in order to increase the food supply and raise the income of the 
smallholder (SR-CRSP, 1981). A multidisciplinary approach is taken in each 
country with different U.S. institutions providing technical leadership 
for different disciplines (e.g., economics, animal health, animal 
nutrition, etc.). The degree of integration among institutions, and 
therefore among disciplines, to conduct development-oriented research is 
different in each of the  
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five countries participating in the program. The types of small ruminant 
production systems currently being studied varies from intensive goat 
production on small mixed farms with high crop/animal interaction in Kenya 
to extensive sheep and goat production in Brazil.  
 
Caribbean Agricultural Research and Development Institute (CARDI)  
 

In 1955, a Regional Research Center was established by the 
governments of the Commonwealth Caribbean. This center was integrated into 
the faculty of Agriculture of the University of the West Indies in 
Trinidad in 1966, and in 1974 was reorganized to form CARDI. CARDI is 
presently an autonomous regional organization that is affiliated with the 
university, but with decentralized offices and with staff located in 10 
countries of the English-speaking Caribbean.  
 

In 1979, a cropping system research program was begun with strong 
emphasis on the characterization of farming systems, including the 
livestock component. In 1983, an integrated farming systems project was 
initiated on six islands of the eastern Caribbean. This project has the 
objective of designing and testing technological improvements for crop, 
livestock, and crop/livestock production systems (CARDI, 1983). The 
program includes agronomists, animal scientists, and social scientists. A 
three-person country team operates on each island and each team emphasizes 
on-farm experimentation. Examples of technological improvements that are 
being tested include intensive vegetable production, intercropped annual 
and perennial crops, hair sheep genetic improvement, banana-swine 
production, and legume protein banks to supplement pasture-fed cattle.  

 
Centro Agronomico Tropical de Investigacion y Ensenanza (CATIE)  
 

CATIE was established in the late 1940s by the Inter-american 
Institute of Agricultural Sciences (IICA) as a graduate school and 
tropical crop, livestock, and forestry research institute. In 1973, it 
became a regional center with the countries in Central America and Panama 
providing funds. It was given a mandate to change from a commodity focus 
to a farming systems approach. CATIE works directly with the Ministries of 
Agriculture in the respective countries. On-farm research is conducted in 
three ecological zones, a) the humid lowland tropics, b) the wet-dry 
tropics (areas with a distinct dry season), and c) mid-high altitude 
temperate environments (CATIE, 1977).  
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CATIE'S livestock program has emphasized research with dual-purpose 
(meat and milk) criollo cattle production systems (CATIE, 1977). The 
general research approach of the livestock program has been to develop and 
test an integrated production module on a field station or rented farm and 
at the same time conduct intensive studies of traditional farming systems 
in specific geographic areas. The module is then adapted to local 
conditions and tested on representative farms. Recently CATIE has begun an 
integrated crop/livestock research program where the extensive on-farm 
system experience (8 years) will be synthesized with the less extensive 
on-farm livestock research experience.  
 
Tropical Pastures Program (CIAT)  
 

Established in 1967, the International Center for Tropical 
Agriculture (CIAT) is a CGIAR institute with a mandate to help improve 
agricultural production in Latin America and the Caribbean with major 
programs in dry beans, cassava, rice, and tropical pastures. The pasture 
program's central objective is "to remove the main constraints to 
increasing beef (and milk) production on acid, infertile soils of the 
American tropics by developing low-cost pasture technology for the various 
ecosystems comprising these infertile soil areas" (CIAT, 1980). Research 
includes classifying the major ecosystems in terms of climate and soils as 
a basis for establishing priorities. Germ plasm is developed through plant 
acquisition and evaluation in a sequence of regional trials: This sequence 
includes preliminary evaluation, agronomic evaluation, examination of 
persistence under grazing, and animal production trials on improved 
pasture. Research on constraints to pasture productivity includes 
investigations of tolerance to aluminum saturation, forage diseases and 
insect pests, and examination of seed production and pasture establishment 
methods.  
 
Western Sudan Agricultural Research Project (WSARP)  
 

The Western Sudan Agricultural Research Project (WSARP) is an 
activity of the Consortium for International Development (CID) with 
Washington State University serving as the leader for project management. 
The Government of Sudan, the United States Agency for International 
Development (USAID), and the World Bank provided the initial funding for a 
six-year period beginning in August of 1979.  
 

The objective of the WSARP is to strengthen "the capability of the 
Agricultural Research Corporation to better serve the traditional 
agricultural producers in western Sudan by establishing four research 
stations in the Darfur  
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and Kordafan Regions and an ARC liaison office and support unit in 
Khartoum" (ARC, undated). Technical assistance, architectural and 
engineering services, education for Sudanese scientists, and importation 
of essential equipment, materials and supplies are provided by the CID).  
 
Winrock International (Winrock)  
 

Winrock International, since its beginning in 1975, has emphasized 
the systems approach to identify needed research, to solve practical 
problems, and to evaluate production alternatives. Priority has been 
placed on crop/livestock and grazing systems. This approach has evolved as 
a result of field experience conducting livestock research in developing 
countries and the united States; a recent broadening in focus from 
livestock production to agricultural production; and the addition of staff 
with field experience in cropping systems research with national programs 
in developing countries and in regional and international centers.  
 

Crop/livestock systems projects are underway in Kenya, Indonesia, 
Brazil, Haiti, and Trinidad/Tobago. Winrock International is a 
collaborator in the Small Ruminant Collaborative Research Support Program 
(SR-CRSP) in Kenya, Indonesia, and Brazil. In addition to this, Winrock 
has a major commitment to range research in Kenyan semiarid rangelands and 
to research on small ruminants in crop/livestock systems in Haiti.  
 

 
Networks With a Livestock Focus  

A recent CGIAR report classified networks into several categories, 
based on their function. Those relevant to livestock are: 1) international 
nurseries which primarily test and evaluate germ plasm, 2) factor research 
networks which deal with problems related to factors of production, 3) 
special purpose networks which investigate special problems that may cut 
across commodities, and 4) information exchange networks that exist solely 
to improve communications among researchers (CGIAR, 1983) (table 7). 
Several networks have multiple purposes so the distinction is somewhat 
arbitrary. Also, several of the programs described previously coordinate 
and(or) are actively involved in networks. Using the CGIAR classification, 
several relevant livestock related networks are described. This listing is 
not intended to be inclusive, but shows the diversity that exists.  
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TABLE 7. Networks with a Livestock Focus 
 

 Network/ 
institution 

Regional 
focus 

Main 
species Crop 

  
International 
nursery 

ILCA 
 
Sub-Saharan 
Africa 

 
Cattle 
Sheep, and 
goats 
 

 
Forage 

 CIAT Latin 
America 
 

Cattle Forage 

AFSN  Factor 
network (IRRI) 

Asia Small 
ruminants, 
cattle, and 
buffalo 
 

Rice, maize, 
legumes, and 
tubers 

ARNAP 
(ILCA) 

Special 
purpose 
network 

Sub-Saharan 
Africa 

Nonspecific Nonspecific 

 Crop 
residue 

Asia Ruminants Rice, wheat, 
maize, 
legumes, 
and tubers 
 

CIMMYT Eastern and 
Southern 
Africa 

Varies over 
time 

Maize, 
legumes, and 
root crops 
 

Trypanoso-
miasis 
(ILCA) 
 

Sub-Saharan 
Africa 

Cattle and 
goats 

Nonspecific 

IBIC Worldwide Water 
buffalo 

Food grain, 
legumes, and 
root crops 
 

ICRAF Worldwide Cattle, 
sheep, and 
goats 
 

Trees 

WAFSN West Africa 
 

FSR/D FSR/D 

Information DCA  
exchange (ILCA) 

Sub-Saharan 
Africa 

Cattle, 
sheep, and 
goats 
 

Nonspecific 
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FARMING SYSTEMS ACTIVITIES WITH MAJOR LIVESTOCK COMPONENTS. 
 

Programs With a Livestock Focus………………………………………………………………………………………………………… 
International Livestock Centre for Africa (ILCA)…………………………………………………… 

The arid-zone program (300 - 600 mm of rainfall/year)……………………………… 
The humid zones program……………………………………………………………………………………………………………… 
The highlands program (800 - 1200 mm rainfall/year)…………………………………… 
Rangeland monitoring programs……………………………………………………………………………………………… 

International Center for Agricultural Research in Dry Areas (ICARDA) 
Small Ruminant Collaborative Research Support Program (SR-CRSP)…………… 
Caribbean Agricultural Research and Development Institute (CARDI)……… 
Centro Agronomico Tropical de Investigacion y Ensenanza (CATIE)…………… 
Tropical Pastures Program (CIAT)……………………………………………………………………………………………… 
Winrock International (Winrock)………………………………………………………………………………………………… 

 
Networks With a Livestock Focus………………………………………………………………………………………………………… 

International Nurseries……………………………………………………………………………………………………………………… 
ILCA forage network………………………………………………………………………………………………………………………… 
Regional trials network (CIAT)…………………………………………………………………………………………… 

Factor Research Networks: Asian Farming Systems Network (AFSN/IRRI)… 
Special Purpose Networks…………………………………………………………………………………………………………………… 

African Research Network on Agricultural By-products (ARNAP)…………… 
Australian-Asian Fibrous Agricultural Residues Research Network 

(AAFARRN)…………………………………………………………………………………………………………………………………………… 
Special Problems Network for East Africa (CIMMYT)………………………………………… 
Trypanosomiasis Network……………………………………………………………………………………………………………… 
International Buffalo Information Center (IBIC)……………………………………………… 
International Council for Research on Agro-Forestry (ICRAF)……………… 
West African Farming Systems Network (WAFSN)……………………………………………………… 

Information Exchange……………………………………………………………………………………………………………………………… 
 

Projects With a Livestock Focus………………………………………………………………………………………………………… 
Selected USAID Livestock FSR/D Projects…………………………………………………………………………… 

Lesotho/Washington State University Farming Systems Project……………… 
Gambia/CID Mixed Farming and Resource Management Project……………………… 

National Program Projects in Livestock FSR/D……………………………………………………………… 
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International Nurseries  
 

There are two important nurseries dealing with forage species, each 
focusing upon a different part of the world.  
 

ILCA forage network

 

. Coordinated by ILCA, this network of national 
program cooperators tests and evaluates the potential of new forage 
species in various environments of sub-Saharan Africa and publishes a 
newsletter (CGIAR, 1983).  

Regional trials network (CIAT).

 

 Coordinated by the International 
Center for Tropical Agriculture, this network acquires and tests forage 
(grasses and legumes) germ plasm in major ecosystems of Latin America.  

Factor Research Networks: Asian Farming Systems Network (AFSN/IRRI) 
 

Coordinated through the International Rice Research Institute, this 
one network links together national crop and livestock research programs 
in Asia. Previously focusing on rice-based cropping systems, the network's 
mandate was broadened to include livestock in early 1983. At a workshop 
held in April, national program social, crop, and livestock scientists 
agreed to expand current cropping systems activities through collaborative 
research. In the Philippines, Indonesia, Thailand, Nepal, and Sri Lanka 
sites have been identified "where crop-livestock integration is needed to 
improve the farm holding own consumption, income and employment" (AFSN, 
1983). This will be achieved by better utilization of the rice plant 
itself, introduction of an additional crop into the existing pattern to 
produce more grain and(or) higher quality livestock feed, and more 
effective utilization of by-products. Ruminants will be the major animals 
considered and each national program will identify the most relevant 
species for research. It is expected that dairy cows, carabao (draft and 
cow-calf), and goats will be considered initially. Sites with ongoing 
cropping systems or animal systems activities will be selected and the 
livestock subsystems and crop-livestock interactions will be described. An 
initial inventory and general description will be followed by farm 
recording where necessary. Most feeding trials will be conducted on-
station with results applied ex ante to on-farm situations. The experience 
gained through initial activities will be used to refine methodology and 
plan future activities.  
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Special Purpose Networks  
 

There are a number of important special purpose networks.  
 

African Research Network on Agricultural By-products (ARNAP)

 

. 
Established in 1981, ILCA was selected by the African Association for the 
Advancement of Agricultural Sciences to coordinate its activities. The 
network assists six cooperating countries conduct research on crop 
residues for livestock production, disseminate this information, and 
provide training. It also serves as a clearing house for requests to fund 
crop by-products research which came from national programs (CGIAR, 1983).  

Australian-Asian Fibrous Agricultural Residues Research Network 
(AAFARRN)

 

. This network was established in the late 1970s with support 
from the Australian Development Assistance Bureau and is coordinated out 
of the University of Melbourne. Its objective is to facilitate the more 
effective use of fibrous crop residues to increase livestock production in 
Asia. To achieve this, the network promotes laboratory, station, and on-
farm research in national programs and publishes a newsletter (Fibrous 
Agricultural Residues Newsletter) in which activities and research results 
are reported. It also periodically sponsors a regional conference. Species 
of particular emphasis are cattle and buffalo for meat, milk, and draft 
power. Fibrous products that are the focus of study include rice straw, 
wheat straw, legume residue, and milling and industrial by-products. 
Treatments to improve the nutritional value have included impregnation 
with urea-molasses: and the physical, chemical and microbacterial 
treatment of straw.  

CIMMYT Network for East Africa (CIMMYT)

 

. Under the auspices of the 
CIMMYT Eastern African Economics Program, a CIMMYT network is proposed, 
which will sponsor workshops on special problems common to cooperating 
programs. The purpose of one workshop was "to bring together information 
on the arable/grazing clash, the repercussions on draft animal 
availability and on crop husbandry standards." The network cooperators 
were to document how farmers have adapted their management in response to 
different levels of pressure, inventory past and ongoing component 
research, and facilitate communications between researchers dealing with 
similar problems (Collinson, 1983). Future workshops will deal with other 
factors judged to be constraints.  

Trypanosomiasis Network. This network was established in 1981 as an 
informal network to coordinate research on trypanosomiasis a major 
livestock disease in Africa. Technical support is provided by ILCA, the 
International Center  
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for Livestock Research in Africa (ILRAD), and the International Center for 
Insect Pest Evaluation (ICIPE). In 1983 it was formalized with 
participation by scientists in Zaire, Gabon, Nigeria, Ivory Coast, Togo, 
and Senegal. The network collaborates in laboratory studies and collects 
information on tsetse challenge, animal health, and livestock production 
in various environments.  
 

International Buffalo Information Center (IBIC)

 

. The Center was 
established in 1981 through financial support from the Thai Government and 
IDRC, based at Kasetsart University in Bangkok. Its objectives are to 
serve as a world source on buffalo information and to make this 
information available to interested parties by providing documents and 
bibliographies on request. It issues a quarterly bulletin of contributions 
from researchers, and publishes occasional monographs, including 
inventories of ongoing research projects. It also sponsors periodic 
meetings (IBIC, 1983).  

International Council for Research on Agro-Forestry (ICRAF)

 

. 
Organized in 1978, ICRAF's interest is "land use systems in which woody 
perennials are deliberately grown on the same land as agricultural crops 
and(or) animals, with which they interact both economically and 
ecologically" (ILCA, 1983). ICRAF has a worldwide mandate to provide 
information services to developing country researchers interested in 
agroforestry. The Council is collaborating with national programs in 
Kenya, Peru, and the Philippines to develop methodology for identifying 
relevant projects and priorities and on-farm testing procedures. Emphases 
relevant to livestock systems include varietal screening, systems testing 
for erosion control in rangeland and upland areas, and improving the 
quality and quantity of fodder production (ICRAF, 1983; Hoekstra and 
Kuguru, 1983).  

West African Farming Systems Network (WAFSN)

 

. Established in 1983, 
this network is jointly coordinated by the University of Florida as a part 
of the Farming Systems Support Project, and the International Institute 
for Tropical Agriculture (IITA). Activities will include conducting a 
survey of ongoing farming systems projects in West Africa, preparing an 
inventory of FSR terminology used in the area, performing literature 
searches for national programs, publishing a newsletter and mapping of 
farming systems zones in the region (FSSP, 1983).  
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Information Exchange  
 

One significant information exchange is the Documentation Centre for 
Africa (DCA). Cosponsored by ILCA and IDRC, the center is an information 
resource on livestock in sub-Saharan tropical Africa. Upon request it 
provides microfiche copies of unpublished and nonconventional documents 
and selected bibliographics through its computerized storage and retrieval 
system. There are plans to initiate a "Selective Dissemination of 
Information" service to alert researchers of new research reports (ILCA, 
undated).  
 

 
Projects With a Livestock Focus  

Bilateral and multilateral organizations are a major source of 
funding for livestock development projects. USAID--in response to a 
request for a computer search to identify projects with livestock 
components--provided data showing that, during the past decade, they had 
funded 108 projects with livestock related outputs (Winrock, 1981). Of 
these, ten were ongoing in 1983. Eight projects were based in Africa, one 
in Central America, and one in Asia. This summary is incomplete in that it 
includes neither projects with minor livestock components nor projects 
funded after 1980. It does indicate the extent of livestock project 
activity. In addition to other bilateral donors, World Bank, FAO, and 
private foundations have been significantly involved in livestock research 
and development (Raun and Turk, 1983).  
 

While foreign aid funded projects are more visible than those funded 
in developing countries through local sources, there are a large number of 
these national efforts as well.  
 
Selected USAID Livestock FSR/D Projects  
 

An overview of two ongoing USAID funded projects is presented below 
to illustrate USAID involvement with livestock.  
 

Lesotho/Washington State University Farming Systems Project. This 
project was started in 1980 and focuses on range and smallholder mixed 
livestock-crop systems. Initially, a baseline survey was conducted to 
identify constraints. In addition to socioeconomic studies, numerous field 
trials have been conducted--planned cooperatively with farmers, 
researchers, and extension personnel. To address the nutritional 
constraint affecting draft oxen, feeding trials were initiated in which a 
supplement equal to 50% of energy requirements was provided in the winter 
season.  
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Research has begun to evaluate potential returns to supplemental feeding 
of dairy cows, and to determine the effect of supplemental feeding of ewes 
on lambing rates. Performance testing of cattle was undertaken to evaluate 
variability in weight gain. In addition, trials were made with farmers' 
stock comparing controlled and communal grazing of sheep and goats with 
and without protein supplementation and with recommended vs existing 
stocking rates. Finally, interdisciplinary research is addressing 
alternative ways to increase winter fodder production (Klosterman, 1983).  
 

Gambia/CID Mixed Farming and Resource Management Project

 

. This 
project was initiated in 1980 and has as its objective to increase the 
welfare of rural people in Gambia through more intensified integration of 
crop and livestock production within the existing farming system. 
Particular emphasis is on assuring a good quality forage supply throughout 
the year in a zone with only 4 months of rain. Disciplines involved 
include range ecology, forage agronomy, maize agronomy, rural sociology, 
and agricultural economics. The socioeconomics unit has conducted a 
baseline survey, intensive village studies, and work with the biological 
scientists to evaluate the technology package being developed. The 
range/pasture component has established demonstration plots seeded to 
selected species, established seed production plots and inventory-ing 
existing plant communities. The forage agronomy component includes 
research on crop residue management, evaluation of legume forages, 
planting of local legumes into fallows, and feeding trials of crop residue 
and hay. Residues of interest include groundnut residue, maize stover, 
sorghum stover, and rice straw. The maize agronomy component includes the 
development of an improved technology package (variety, fertilizer, 
interplanting with cowpea, etc.), evaluation of maize as a feed grain and 
residual feedstuff, and the extension of this technology into a production 
program. Also, the project involves a major training component (CID and 
Gambia Ministry of Agriculture, 1982).  

National Program Projects in Livestock FSR/D  
 

As FSR/D concepts have become diffused throughout the world, many 
national programs have adopted the approach and applied aspects of it to 
livestock research activities. We are less aware of these efforts because 
they often operate outside of international networks, publish limited 
copies of mimeographed reports and publish in foreign languages. While 
details are not available to report project descriptions, the authors are 
personally aware of several efforts in Kenya, Indonesia, Thailand, Brazil, 
and Mexico. These  
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projects--and many others--should provide a valuable source of additional 
experience that will increase our understanding of the role of FSR/D in 
the development of livestock production. An effort must be made to learn 
more about these projects and to involve them in the ongoing FSR/D 
dialogue.  
 

This review of programs, networks, and projects displays an 
impressive commitment to the development of livestock production in the 
third world, especially when one considers the many activities we have not 
even been able to include (e.g., bilateral programs and projects, national 
programs, etc.). At the same time, it is our impression that there have 
been, as yet, few livestock interventions created for small farmers in 
these countries that can be identified as clear successes -- excepting, 
perhaps, animal health interventions, which have been successful in 
various situations long before FSR/D became accepted. This relative lack 
of success is itself, justification for application of FSR/D in livestock 
development. At the same time, it creates a challenge for those involved 
with FSR/D, a challenge that requires consideration of what, if anything 
is unique about livestock production. We turn, now, to that question.  
 

 

Methodological Considerations in Implementing Farming Systems Research 
With a Livestock Component  

The general cropping system research and development model provides 
a basic framework to discuss strategies for integrating livestock and 
cropping systems activities into FSR/D (Fitzhugh et al., 1982).  
 
Selection of Target Areas  
 

In cropping systems research, an initial effort is made to 
characterize the country or region in terms of homogenous agroclimatic 
zones and associated cropping systems using secondary data. Aggregate 
characterization is necessary to ensure that subsequent research is 
conducted on major cropping systems so that results will have a widespread 
impact.  
 

In livestock systems research, similar efforts must be made to 
describe the relative importance and distribution of existing livestock 
systems. Aggregate secondary data can provide initial guidelines as to the 
most important species and their spatial distribution. The choice of the 
stratification procedure in a given situation will depend both on the 
availability of secondary data to estimate the importance  



 94 

of various systems and an assessment of what type of factors can best be 
used to classify farming systems with similar constraints and research 
problems.  
 

Two examples illustrate alternative strategies. First, to assist in 
setting priorities for future research in the arid and semiarid rangeland 
of Kenya, aggregate data was used to estimate the distribution of cattle 
among the six major production systems. These include commercial ranches, 
which are further divided into individual ranches, company ranches, and 
cooperative ranches. They also include smallholder subsistence systems 
made up of group ranches, grazing blocks, and unimproved traditional 
systems. The production system was used because the socioeconomic 
differences among the systems require different technological solutions, 
even within similar ecozones (Bernsten and Jacobs, 1983). In West Java, 
Indonesia, ruminants are raised in mixed crop-livestock systems that may 
be subclassified as full hand feeding; grazing (full herding, tethering, 
free range); combinations, mainly hand feeding; and combinations, mainly 
grazing. A survey of ruminant producers was conducted-using a stratified 
sampling design--to identify the distribution of types and animal 
densities. Analysis showed that the primary explanatory variable was 
altitude. These results facilitated the purposive selection of research 
sites that represent the most important ruminant feeding systems (Thahar 
and Petheram, 1983).  
 

Alternatively, it may be appropriate to classify mixed systems in 
terms of the major crop-livestock enterprises such as maize/beans and 
pasture plus milk and buffalo or upland rice/maize followed by soybeans 
plus goats and water buffalo. Classification in terms of crop-livestock 
enterprises implies a high degree of interaction between these components.  
 
Site Description and Diagnosis  
 

The purpose of this stage is to describe the system in order to 
identify constraints and opportunities for increasing productivity. 
Initially, many cropping systems programs conducted intensive baseline 
surveys of individual farmers. Experience has shown that these efforts 
seldom provided data available in time to design interventions. As a 
result, rapid appraisal strategies have become increasingly accepted as an 
alternative approach to initial site description (Mathema and van der 
Veen, 1978; Hildebrand, 1979; Bernsten and Herdt, 1981; Chambers, 1981; 
Knipscheer, 1982). In most cropping systems research, the initial data 
description activities are followed by farm record keeping or monitoring.  
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In the description of livestock systems, data typically collected to 
describe cropping systems is required because of the strong interaction 
between crop and livestock. In addition, data is needed to evaluate the 
importance of the major constraints to livestock production that may be 
broadly classified as ecological, biological, and socioeconomic and are 
described below:  
 

- Ecological. Land and climate are primary determinants of plant 
 species that can be grown and as a consequence, livestock 
 species that can be produced in the ecosystem. Generally, 
 these factors are difficult to modify economically -- except 
 in range systems where plant communities are manipulated 
 through livestock management and ecological strategies.  
 
− Biological. These constraints may be sub classified as 

nutritional (associated with the quantity and quality of the 
feed supply), health factors including parasites, disease and 
predators, and livestock genotype having to do with the basic 
characteristics of the breed. 
 

− Socioeconomic. These constraints act to limit biological 
productivity and include a wide variety of factors including 
management, input/output prices, input availability, and 
marketing, attitudes towards risk, policies, cultural 
preferences, and labor availability.  

 
Description of livestock systems must focus on data that help 

identify a critical path strategy for subsequent research activities. In 
terms of biological constraints, nutritional factors (feed availability) 
are generally considered the primary limiting factors in crop-livestock 
systems (Fitzhugh and De Boer, 1981; Zandstra, 1983). Hence, particular 
emphasis is placed an assessing feed quantity, quality, and availability 
throughout the year. Breed (genotype) characteristics are seldom limiting 
until nutritional and health constraints are alleviated.  

 
Consequently, the development or introduction of new breeds in 

livestock FSR/D does not have the same emphasis as the development of new 
varieties in crop oriented FSR/D. Yet, basic productivity data are 
collected to evaluate points in the production cycle that are below 
potential productivity levels (compare the so-called "yield gap"). Health 
data is needed to evaluate possible health interventions. In terms of 
socioeconomic constraints, management is  
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a major factor that limits biological potential. Consequently, initial 
site descriptions should include information on management practices 
followed by producers at each stage in the life cycle of the livestock. 
Information is also collected on labor use, marketing, input availability, 
and institutional support structure, as is done in cropping systems site 
description.  
 

Finally, the initial description includes an assessment of the 
interactions that occur between crop and livestock components. Data 
collected during site description can be used to develop flow diagrams 
such as the one illustrated in figure 2 (Hart et al., 1982).  
 

If used judiciously, much of this descriptive data can be collected 
by rapid appraisal techniques. While estimates of animal production 
coefficients, feed use, and health status may be less accurate than 
similar data collected for cropping systems, they can provide a first 
approximation. After comparing monitoring data with data collected during 
a rapid appraisal of a sheep production system, Bell found little 
difference between farmers' estimates of reproduction parameters and those 
obtained from a 2-year long monitoring study--except that farmers failed 
to report animal births and deaths that occurred immediately after birth 
(Bell and Inounu, 1982).  
 

In addition to providing indicative information, rapid appraisal 
experience can be used to plan future monitoring. For example, questions 
farmers find difficult to answer or answers that are highly variable among 
informants suggest some types of data to be monitored. Yet, monitoring 
will not necessarily provide accurate data. Because farmers must be 
interviewed frequently, cooperation and response quality sometimes 
deteriorates over a long monitoring period. In addition, staff resources 
must be available to process the data as it becomes available to ensure 
that it is being collected correctly and makes sense. Consequently, 
monitoring should be limited to information for which there is a critical 
need and which cannot be obtained any other way.  
 

A major methodological challenge lies in identifying the best 
strategy for obtaining health, nutrition, and animal productivity data. 
ILCA scientists have explored this issue in comparing rapid appraisal 
survey and monitoring techniques (Wilson and Semenye, 1983). 
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Figure 2.  A “typical” small farm in Kakamega, Kenya (M. Sands, P.C. 1981)  
Circles are inputs to the farm; arrows are outputs; tank symbols indicate 

       storage; flows of money are dotted lines; flows of materials and energy  
   are solid lines.  
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Design, Testing, and Evaluation  
 
 There are some peculiar characteristics of livestock production 
systems that have special implications for design, testing, and evaluation 
of technology or technology packages. 
 

Characteristics of the experimental unit

 

. A major source of 
difficulty in conducting livestock research has to do with the 
characteristics of the experimental unit (Fitzhugh, 1983; Bernsten, 1982; 
Zandstra, 1983; De Boer, 1983). These differences (between livestock 
oriented and crop oriented FSR/D) are, to be sure, matters of degree, but 
they profoundly influence research activities at all stages of FSR/D. They 
are particularly important in design and testing (table 8).  

- Mobility. While crops are planted, reproduce and mature at a 
single rate, animals are mobile-except under confinement 
systems. This makes it difficult to describe environment-
livestock interactions and to measure and(or) control factors 
not included as treatments.  

 
- Life cycle duration. Food crops, except tubers, typically 

mature in 3 to 4 months, while the reproductive cycle of 
ruminants extends over a year or longer. Not only does this 
increase the cost of experimentation, experimental units may 
die or be sold before the trial is completed.  

 
- Life cycle synchronization. Crops are planted and harvested at 

the same time. The production of many animal products, 
however, is not synchronized and occurs at different times or 
time intervals. To find sufficient animals of the same age 
category and in the same production phase is often difficult.  

 
- Multiple outputs. Crops generally produce a primary output 

such as grain or tubers and a secondary crop residue output. 
In contrast, animals such as cattle may produce several 
outputs of economic value including manure, meat, hair/hides, 
milk, and draft power. This makes it difficult to describe the 
system, measure the impact of treatments, and evaluate the 
economic impact of an intervention.  
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Table 8. Comparison of Characteristics of Crops and Livestock and 
Implications for On-Farm Testing. 

 
 Situation with respect to: 
Factor Crop Livestock Implications 
 
Mobility 

 
Stationary 

 
Mobile 

 
Difficult to 
measure 
and control non-
experimental 
factors 
 

Life cycle Generally less 
than 4 mo 

Generally over 
one year 

Increases costs, 
likelihood of 
losing 
experimental 
units 
 

Life cycle All units 
synchronized 

Units seldom 
synchronized 

Difficult to find 
comparable units 

Multiple Only grain/tuber 
and residue 

Multiple outputs, 
meat, hides, 
milk, 
manure, power 

Difficult to 
measure/ 
value treatment 
effect 
 

Nonmarket inputs/ 
outputs 

Few Many Difficult to 
value 
input/output 
 

Experimental unit 
size 

Small,  
divisible 

Large, 
nondivisible 

Increases cost, 
risk to 
cooperator 
 

Producer attitude 
towards product 

Impersonal Personal taboos Difficult to 
cull, castrate 
 

Management 
variability 

Low High Difficult to 
isolate treatment 
effect 
 

Observation units Many Few Large statistical 
variability 
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- Nonmarket inputs and outputs. Food crop production systems 
typically use inputs and produce outputs for which there is a 
market and a price. On the other hand, livestock production 
systems typically depend on inputs such as child labor and 
crop residue and produce outputs like manure for which there 
may be no ready markets. Other outputs, such as risk 
management, capital accumulation, and ceremonial functions--
common for animals--are extremely difficult to measure.  

 
- Size of experimental unit. Individual plants are small and can 

be easily manipulated in field trials that affect only a small 
proportion of the producer's field. In contrast, because 
animals are large and, on small farms, few in number, 
controlled trials and interventions on producer owned 
livestock may expose the producer to unacceptable levels of 
risk.  

 
- Producer attitudes. While producers do not develop emotional 

relationships with crops, live-stock producers often become 
attached to their animals. Also, religious taboos and customs 
may make it difficult to cull, castrate, and ear mark 
livestock.  

 
- Management variability. Crop management practices are a major 

source of variability in on-farm crop trials. Yet, this is a 
greater problem in conducting livestock trials due to the 
longer life cycle over which a greater number of critical 
management decisions must be made. This makes it difficult to 
observe the effect of an experimental treatment.  

 
- Number of observation units. Crop trial results are measured 

in yield--production per hectare. No matter how small the 
trial plot used, the yield estimate is already the average of 
many individual plants. Especially in the small farmer 
setting, livestock performance is measured as production per 
animal. Consequently, statistical variability of treatments 
between groups tends to be greater than between, for example, 
fertilizer treatments.  

 
Design and testing in livestock research must carefully take into 

consideration each of these factors. Work is needed to develop efficient 
and accurate methods of evaluating livestock interventions.  
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Design

 

. Designs of interventions (new technologies) for testing in 
cropping and livestock trials have the same objective, i.e., to remove or 
ameliorate the identified constraints. Figure 3 illustrates alternative 
avenues for increasing crop and livestock production, although other goals 
may be equally appropriate.  

Because of the greater cost, time, and difficulty of conducting 
livestock trials, it will be necessary to be extremely selective in 
choosing interventions for testing. Zandstra (1983) suggests they should 
be:  
 

- Technologies that are expected to have a substantial impact on 
productivity by addressing factors that severely limit 
productivity.  

 
- Improvements that can be achieved within the farmer's 

objectives for his cropping system.  
 
- Factors that can be improved without major increases in input 

purchases.  
 
- Factors that can be effectively studied by available staff.  

 
Examples of designs that appear to have potential for on-farm 

testing include ILCA's stylosanthes trials in Kaduna and the Leucaena and 
Glyricidia alley cropping trials in Ibadan (both in Nigeria) and the 
introduction of high yielding grasses (Setaria, Brachiaria
 

) on Java.  

Testing/Evaluation. Technology tested using producer's livestock 
must be adequately screened to reduce the risk of negative results, since 
the animal is likely to constitute a large share of the producer's capital 
assets. One strategy for initially screening interventions is the 
researcher managed farm. Here, an effort is made to replicate the 
production practices followed by the target producers. After interventions 
are screened under this environment, they are ready for on-farm testing. 
While researcher managed farm trials are not substitutes for on-farm 
testing, they provide an opportunity to make a preliminary assessment of 
the production response and economics of the intervention. ICARDA is one 
of the programs that explicitly use unit farms

 

 for testing purposes 
(ICARDA, 1982).  

In cropping systems research, results of trials are typically 
evaluated in terms of economic criteria such as net returns, marginal 
benefit-cost, returns to resources such as capital and family labor. 
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Figure 3. Alternative Technologies for Increasing Crop and Livestock Production  
(Source: Bernsten, 1982:183) 
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Because of problems associated with valuing nonmarket inputs and 
outputs, the long experimental time horizon, difficulties in identifying a 
relevant discount rate for capital invested, and interactions between crop 
and livestock components, analytical procedures necessary for doing 
rigorous analysis are complex. Generally, FSR/D teams do not have the 
time, the data, or the necessary expertise for this type of analysis. In 
addition, it is not always clear to what extent our analytical procedures 
and models incorporate the same variables producers use to evaluate new 
technology.  
 

Consequently, we must make much greater use of farmer cooperators in 
assessing interventions than has been the case in cropping systems 
research. There is a sound theoretical basis for this strategy that 
provides further justification. Because of the anticipated high 
variability that can be expected when trials are conducted without 
replications on single farms, statistical analysis may show that there is 
no significant statistical difference between treatments. Yet, the 
individual farmer probably evaluates the intervention--not in terms of 
interfarm results-–but in terms of his production experience built up over 
his farming career. Consequently, a treatment that is rejected by the 
researchers may be quite impressive to a cooperator. This is not to 
suggest that standard economic analysis is not necessary, but that it must 
be kept to simple procedures that can be carried out by national program 
staff and coupled with the assessment of producer cooperators.  
 

Indeed, because of the complexity of livestock systems, the action 
role of farmers is absolutely crucial to livestock FSR/D. As we pointed 
out above, it may well be necessary to depend heavily upon the intuitive 
insight of participating farmers for identification of constraints and, 
especially, for the evaluation of interventions, since the application of 
conventional statistical and economic tools is limited by the nature of 
livestock production. Furthermore, the willingness of farmers to submit 
their animals to the testing of new technologies depends upon their ex 
ante understanding of the interventions, as well as their trust in the 
collaborating scientist(s). It is unlikely that such a relation can be 
built up in one or two visits. The SR-CRSP program in Indonesia therefore 
has started with monthly meetings with groups of 30 farmers at four 
different locations in west Java. At these meetings, results of 
descriptive surveys are presented and possible interventions discussed. 
The discussions serve as a preparatory phase for on-farm testing 
activities once the monitoring stage is completed. The practice of FSR/D 
in livestock production  
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may force scientists to actually treat farmers as bona fide colleagues in 
a problem solving process--which can, we feel, have very positive 
consequences.  
 
 

 
CONCLUSION  

There is no doubt that the time has come to deal with both livestock 
and crop components in farming systems research and development 
activities. Several ongoing programs, networks, and projects have 
accumulated considerable experience -- particularly in site description. 
Yet, successfully integrated programs that have moved through design, 
testing, and evaluation to generate new technologies that have been 
incorporated into successful production programs are extremely rare, if 
they exist at all. Consequently, we all have a great deal to learn from 
each other as to how the numerous methodological considerations can be 
successfully handled. Given the diversity that exists throughout 
developing countries, there will be few universally appropriate approaches 
that will not require considerable adaptation and revision with new 
experiences.  
 

Yet, the capacity to learn from our experiences is dependent on 
institutionalizing formal evaluation procedures into ongoing FSR/D 
activities. To date, there has been very little qualitative and(or) 
quantitative assessment of FSR/D. The need to address evaluation issues 
becomes increasingly critical as we attempt to integrate crop and 
livestock research, because of the increased complexity associated with an 
expanded mandate.  
 

Finally, we must avoid the danger of assuming that development will 
occur as a result of new technologies developed today. In a dynamic world, 
changing ecological, economic, and social forces may rapidly make obsolete 
the most recent successful interventions. Consequently, in FSR/D much 
greater emphasis must be placed on developing the human resource -- the 
farmer--so that he becomes a better problem solver, a better innovator, 
and a better manager--and as a result is less dependent on our applied 
research and development efforts.  
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FARMING SYSTEMS RESEARCH NETWORKS  
IN SELECTED COUNTRIES OF LATIN AMERICA  

 
 

N. Mateo  
H.H. Li-Pun  

 
 
I. 
 

INTRODUCTION  

Agricultural research in Latin America has been commodity or 
discipline oriented, reflecting educational approaches in universities and 
the structure of agricultural research institutes.  
 

National resources allocated to agricultural research institutions 
have diminished over the last few years in several countries of the region 
(IDRC 1978; IDRC 1980; Trigo et al., 1982). Among other reasons, this may 
have been caused by the minor impact of research results on agricultural 
development, especially small farms.  
 

In the last decade, considerable interest has developed in Latin 
America in utilizing a multidisciplinary approach in order to solve the 
problems existing under real farm conditions. This has been accompanied by 
an integration of on-station and on-farm research, and an increased 
recognition of the importance of mixed production systems (crops/animals) 
in small farms (Borel et al., 1982; Fitzhugh et al., 1982; Martin, 1980). 
Various international organizations and donor agencies have supported this 
new approach, generally called farming systems research (FSR), as an 
alternative to overcome the problems of small and medium scale farms.  
 

In Latin America several research and development activities fall 
within the Farming Systems Research framework, pursuing the general 
methodological steps of diagnosis, design and testing. Most projects 
emphasize the study of a specific farm enterprise, and reflect the 
orientation and structure of the national institutions.  
 

The objectives of this paper are: a) to briefly review the evolution 
of agricultural research in some Latin American countries and show that 
the FSR approach is a logical next step in this evolutionary sequence; b) 
to describe two research networks and their role in promoting the FSR 
methodology as an example of the way the FSR approach can be introduced 
and further developed without dependence on large scale expatriate 
involvement; and c) to analyze on the basis of these experiences the 
potential and difficulties for the implementation of FSR in some Latin 
American countries.  
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II. 
 

EVOLUTION OF CROPS/ANIMALS RESEARCH IN LATIN AMERICA  

In Latin America, agriculture had an impressive development in the 
middle and highland areas with the rise of the Maya Civilization in Mexico 
and Guatemala and the Inca Civilization in Peru and Bolivia. Those 
civilizations were among the most skillful of all plant domesticators 
(Harlam, 1975) and generated knowledge and capability in plant and animal 
production, terracing, irrigation and food conservation. Production 
systems presently used by small farmers in the Andean countries, Brazil, 
Central America and other Latin American regions apparently have not 
changed significantly from earlier times. These systems have been based on 
crops such as maize, common beans, cassava, squash, sweet potato and other 
crops in Central America and potatoes, canihu (Chenopodium pallidicaule), 
mashua (Tropaeolum tuberosum), oca (Oxalis tuberosa

 

), etc. in the high 
Andes. Farmers growing these crops generally lack capital and land 
resources, while farmers having adequate resources plant introduced crops 
such as coffee, bananas, wheat, and sugar cane amongst others, and use 
technology generated both locally and in more developed regions.  

Agricultural research as we know it today, supported and organized 
by national, regional, or international institutions is a very recent 
development. Limited experimentation started in the Central American 
countries, Colombia, Peru, Mexico and Brazil in the late nineteenth 
century and early twentieth century. (Saenz, 1970; IDRC, 1978; IDRC, 1980; 
IDRC, 1981). In all cases research efforts coincided with the opening of a 
research station in order to centralize activities and attempt to 
extrapolate results to farmers' fields.  
 

Waugh (1982) has recognized introductory, transfer, applied 
research, and client oriented phases in generating agricultural technology 
in developing countries. The first phase was pre-World War II and 
consisted principally of the establishment of some experimental stations, 
educational and training programs, as well as the introduction by 
international corporations of technology for commercial export crops. 
Following World War II, the second phase was implemented based upon the 
premise that the success of the United States in applying technology for 
increasing food production could be repeated in developing countries 
through extension systems that would inform the farmers. When this 
transfer strategy did not give the desired results, a third phase was 
initiated in which applied research, institution building and training of 
staff were emphasized. Research in the developing countries is now 
entering a fourth, client-oriented phase, characterized by its focus on 
the small and limited-resource farmers.  
 

This last phase, oriented towards farmer participation, on-farm 
research, and consideration of biological, socio-economic and 
institutional limitations is very recent. The experiences and results from 
the Puebla Project (CIMMYT, 1979), the Caqueza Project (Zandstra et al., 
1979), and research conducted by Bradfield (1969, 1970), Hildebrand  
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(1974), Bazan et al (1974) and Waugh (1975) have encouraged multiple 
cropping and farming systems research in various Latin American countries.  
 

During the last decade, animal and cropping systems research 
activities supported by national, regional and international institutions 
have increased in Latin America and the Caribbean (Fitzhugh et al., 1982; 
Tapia, 1982; Li Pun and Zandstra, 1982). These all use a methodology which 
consist of: Selection of target areas, site descriptions, selection of 
land types and farming systems, design of alternative systems, testing of 
alternative systems, and technology transfer in pilot production programs 
(Zandstra, 1982). These efforts have been accompanied by training of 
national staff in the new approach and fine-tuning of research 
methodologies. However institutional adjustments and educational efforts 
have not occurred at the same pace. Commodity oriented and disciplinary 
programs still prevail in most countries, while the decentralization 
needed to support research on the farm sites is a rare occurrence.  
 
 
III. 
 

EXPERIENCES WITH AGRICULTURAL RESEARCH NETWORKS IN THE REGION  

Banta (1982) suggested the following definition for an agricultural 
research network "a voluntary association of research organizations with 
sufficient common objectives to be willing to adjust current research 
programmes and invest resources in network activities in the belief that 
they will meet their objectives more efficiently than conducting research 
alone."  
 

Networks are a means of stimulating and developing research 
approaches and methodologies. They are also building a critical mass of 
research workers and experiences and providing a forum where research 
results in common areas can be discussed. This is an important 
contribution, since the majority of universities and research institutions 
in Latin America do not yet offer training in FS. The main characteristics 
of these networks include: a) Exchange of information and germplasm, b) 
Development of appropriate methodologies, c) Training, d) Appointment of 
advisory committees and e) Coordination.  
 

Because the authors consider the network approach an important 
mechanism for implementation of FSR, two IDRC supported networks in the 
Region will be described: The Andean Crops Network and the Animal 
Production Systems Network.  
 
A. 
 

The Andean Crops Network  

This network deals with highland agriculture in Peru, Bolivia, 
Ecuador and Colombia. Table 1 presents project titles, the institutions 
involved, and specific objectives of each Andean Network project supported 
by IDRC.  
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The common denominator of the projects has been a keen interest by 
the participants in preserving native germplasm, understanding Andean 
farming systems and, through research, make improvements in those systems. 
The majority of projects used at first a commodity approach and are now 
evolving into FSR and rural development projects.  
 

The Andean Crops Network started from individual country projects 
and has developed a high internal interaction among researchers in Peru 
and a less frequent interaction between other participating countries. The 
high interaction in Peru is due to the division and interrelation of 
research activities in three different ecological areas under the 
responsibility of local universities.  
 
1. Elements of the Andean Network  
 

a) Exchange of information:  
 

Project staff has met formally three times (Table 2). The 
fourth meeting is expected to take place in Colombia in May 1984. 
These meetings are a good complement to other means of information 
exchange such as correspondence and inter-project visits by project 
staff and monitoring visits by the IDRC Representative in the 
region.  
 
b) Exchange of Germplasm:  
 

National and international institutions have supported the 
collection, evaluation, and maintenance of valuable Andean Crops. 
Germplasm collections of quinua (Chenopodium quinoa) are kept in 
Bolivia, Peru, Ecuador and Colombia; Canihua (Chenopodium 
pallidicaule) in Peru; and Andean root crops including oca (Oxalis 
tuberosa), olluco (Ullucus tuberosus) and mashua (Tropaeolum 
tuberosum

 

) in Peru and Ecuador. The Andean Crops Meetings and the 
intercountry consultancies have provided the means for the exchange 
of germplasm. 

c) Training:  
 

Non-formal training has been emphasized in the network, 
including: In-service training for countries' project staff in the 
other countries, short-term training at CATIE, in-country training 
activities for technical staff and farmers, visits to other research 
projects, and attendance at international meetings. In Peru six 
staff members have completed their M.S. degrees. Provision has been 
made for other project staff to pursue graduate studies in the 
region.  
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d) Consultancies: 
 
     Consultancies from outside the region have helped to strengthen 
specific technical and conceptual aspects of projects. More frequent 
inter-regional consultancies have provided technical back-up, 
sharing of research experiences and generation of a sense of team 
work.  
 
e) Coordination and Advisory Committees: 

 
 The role of coordinator has been played by the IDRC Regional 
Representative and consists of technical and administrative support 
as well as maintenance of a link between the various projects. Semi-
annual visits have been the norm. It is expected that a formal 
Coordinator and an advisory group will be appointed in the near 
future. 
 

2. Achievements 
 

The exchange of results has included methodological aspects such as 
on-farm research, design, and testing; training of staff and farmers; site 
surveys, and biological results.  
 
Peru:  
 

There is a high complexity in Andean agriculture enhanced by family 
access to different ecological sites, laws of land inheritance and 
diversity (Table 3). Project staff have identified the main crop rotations 
in each altitudinal floor and proposed relevant research accordingly. The 
old Inca soil classification, widely used by farmers, has been described 
at the project sites and will be a useful base from which to extrapolate 
results and recommendations to other communities. New potato, oca and faba 
beans cultivars introduced by the project are now widely used as part of 
the farmers' seed mixtures. Improvements in intercommunity organization to 
carry out postproduction activities such as elimination of quinua and 
tarwi (Lupinus mutabilis

 

) alkaloids through a washing process is well 
under way. This year, project staff will undertake a study of mixed 
systems in their research plans. Surveys have demonstrated that domestic 
animals take 70% of their feed from crop residues and only 30% from 
pastures.  

Bolivia:  
 

As stated in the objectives in Table 1 project staff initially 
concentrated on Quinua collection, selection and breeding. Six new 
varieties are ready to be released in 1983 and appear to be acceptable to 
farmers.  
 

Since Quinua is normally a component of more complex production 
systems, project staff decided last year to study those quinua based 
systems (Table 4) as well as others where other crops and animals are 
important. They have selected 20 farmers in two ecological areas and  
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conducted rapid surveys with help from an economist and extension staff. 
Each farmer participates actively in one or two research topics (for 
example an alternative quinua based system and/or an improved potato 
cultivar) and as a control in another aspect, e.g. sheep production. So 
far, a good response has been obtained with the introduction of new potato 
and quinua cultivars.  
 
Ecuador:  
 

This project is quite recent and has made good progress in quinua, 
tarwi, and root crops germplasm collection, evaluation, and selection both 
in Experimental Stations and in farmers' fields. Promising quinua 
cultivars have been identified and are being evaluated by farmers in their 
own cropping systems under careful monitoring of project staff.  
 
Colombia:  
 

The Multiple Cropping project is more diverse and includes both 
highland and lowland crops. Staff has been successful in the understanding 
and improvement of potato + sweet peas (Table 5), maize + beans, and 
cassava + beans systems. Their findings are part of ICA's recommendations 
at the national level. Good links have been established with the Rural 
Development Districts by means of sharing research results and conducting 
training courses for technical staff.  
 

 
B. The Animal Production Systems Network  

In contrast with the Andean Crops Network, the Animal Production 
Systems Network has a more formal structure. It includes present and 
potential recipients of IDRC funded projects whose objectives are to look 
for solutions to animal production problems in small farms, utilizing the 
FSR methodology. Participating projects cover a wide range of animal 
production systems, institutions, and geographical and ecological zones. 
(Table 6).  
 
1. Elements of the network  
 

a) Exchange of information:  
 

It mostly occurs at workshops. A total of four have taken 
place as shown in Table 7. Usually, short presentations of recent 
project activities are made. Reports are prepared and published in 
limited quantities and a flow of correspondence among projects 
normally occurs.  
 
b) Development of appropriate methodologies:  
 

Animal production systems projects have followed the general 
steps of the cropping systems methodology as stated by Zandstra 
(1982). Problems found, especially in the  
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evaluation of technological alternatives in small farms, include the 
complexity of the mixed systems, difficulties of on-farm 
experimentation with animals (Fitzhugh, 1982), and the scarcity of 
previous research experiences. Through workshop discussions several 
alternatives have been proposed to deal with these problems (Borel 
et al., 1982; Fitzhugh, 1982), such as comparison of: a) Control 
farms with other farms with introduced technology, b) Analysis of 
farms before and after the alternative technology has been 
introduced and c) Predicted and actual results obtained. Also, the 
use of more ex-ante analysis using models has been proposed.  
 

Suggestions to carry out whole farm analysis when evaluating 
component technology have also been made (Li Pun and Zandstra, 
1982).  
 

During the third workshop the methodology for the design of 
technological alternatives from diagnostic data of farms in three 
tropical areas was discussed and worked on by three different groups 
in the region.  
 
c) Training:  
 

These activities include on the job training of staff members 
in regional institutions (e.g. CATIE) both in specific 
methodological steps as well as in disciplinary research fields. 
Workshops also serve as an informal training place for participants 
from present or potential projects. Inter-project visits have also 
occurred among researchers.  
 
d) Consultancies:  
 

These are where possible provided through staff of 
participating projects. Usually they are short-term (1 to 2 weeks) 
and deal with specific topics (e.g. design of experiments, data 
analysis, etc.) Needs are identified by project staff and the IDRC 
representatives, and the selection of appropriate consultants agreed 
between them.  
 
e) Coordination:  
 

At present, the network is coordinated by an IDRC Regional 
Representative in close contact with staff of national and regional 
research centers. It is expected that in the future a representative 
of one participating institution will take over as coordinator. 
Coordination should then be carried out on a rotational basis by 
representative network members.  
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f) Advisory Committees:  
 

In some projects, advisory committees have been established 
involving project staff and network members. They usually meet once 
a year to program and evaluate research activities.  

 
2. Achievements  
 

a) Research Methodology  
 

During the third workshop a methodology was agreed on for the 
design of technological alternatives utilizing diagnostic data (Ruiz 
and Li Pun, 1983) which is being followed by three different 
projects in Costa Rica, Panama and Peru. As a result of these 
experiences, suggestions and recommendations have been made for the 
methodology in diagnostic studies, design of technological 
alternatives, on-farm testing, and participation of farmers and 
extension agents in the various steps (Li Pun and Zandstra, 1982; 
Ruiz and Li Pun, 1983).  
 

The following are examples of recommendations reached by 
network members:  
 

Diagnostic studies. Three levels have been identified: 
regional, farm, and agroecosystem. Specific mechanisms have 
been suggested to obtain information at each level:  
 

Regional: secondary information, key informants, exten-
sion agents, general surveys.  
 
Farms: interviews with a large number of farmers. More 
than one visit is suggested.  
 
Agroecosystems: interviews with selected farmers. Field 
measurements.  

 
The need to restrict the collection of information to the critical 
amount of data to achieve the objectives has been recognized.  
 

Design. The following steps have been suggested: analysis of 
the region, definition of objectives, analysis of the target 
system(s), definition of the adaptation domain(s), 
identification of technical interventions, ex-ante analysis of 
alternatives, confrontation with farmers and extension agents, 
and adjustments if needed.  
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Testing. The needs and conditions for on-station and on-farm 
testing have been established. On-station testing should be 
made when the alternative technologies are complex and need 
close control. On-farm testing should be made when ex-ante 
analysis of models have proven them far better than the 
prevalent models. They should be acceptable by farmers, be 
simple and carry a low risk.  

 
Several new projects are expected to join the network such as: Dairy 
beef systems (CENIP, Dominican Republic and University of Costa 
Rica), milk production systems (UC-Chile) and goat production 
systems (INIA-Mexico). Possibilities also exist for other 
institutions to join the network. They could benefit from 
methodological achievements already obtained.  
 
b) Research results:  
 

Specific achievements of three of the network participating 
projects are presented below:  
 
Costa Rica:  
 

CATIE staff his developed a methodology for the evaluation of 
agricultural by-products for animal utilization. The process starts 
with the identification of by-products availability at the farm 
level, their chemical and nutritional characterization, and ends up 
with the design and on-farm testing of feeding sub-systems. In a 
static diagnostic carried out in 230 small farms in four areas of 
the country, it was identified that only 26% of the farms had 
livestock alone. Seventy-four percent were mixed farms with 
different combinations of livestock, and annual and/or perennial 
crops. While comparing the different systems, it was found that the 
mixed systems that included perennial crops had the highest gross 
return (Table 8). The use of sugar cane and banana by-products by 
the majority of livestock farmers was identified, thus helping to 
focus the research on the design of feeding sub-systems based on 
these products. Tests have been conducted on-station to determine 
the quantity and the most appropriate supplementation time according 
to the cows lactation phase.  
 

The designs of technological alternatives that include their 
confrontation with farmers and extension agents have recently been 
completed. On-farm testing of them will be initiated soon.  
 

In a farm monitoring study (dynamic diagnostic) of 38 farms, 
the conclusions of the static diagnostic were  
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confirmed. It was found that as the emphasis of farms moves towards 
producing milk in contrast to beef, farm productivity indices did 
improve (Table 9). The importance of the contribution of minor 
species (swine and poultry) towards total farm income was also 
determined (about 25%). The project has contributed to the 
development of animal production systems research methodology and 
provided technical cooperation to other APS projects.  
 
Peru:  
 

IVITA staff has conducted a survey of 80 farms in the Pucallpa 
region, a new colonization area. Results of the survey have allowed 
the determination of recommendation domains and the characterization 
of present agricultural production systems. Along with an analysis 
of research results in the area, they have served to assemble two 
on-station cattle production modules "pioneer" and "intensive", 
representing two technological levels. The first one considers very 
limited use of inputs in order to imitate new settlers' resources. 
The other one considers the use of more inputs although at a 
moderate level. Ex-ante analysis of these modules showed a 
profitability of 20-25% for the "pioneer" and 28-32% for the 
"intensive" modules. These are superior to the commercial beef 
enterprise in the region which has a rate of return of less than 4%. 
Modules have been operating for two years.  
 

Results of diagnostic studies have also been used to orient 
and design the research on systems components. As an example, 
farmers use kudzu (Pueraria phaseoloides) for fallowing in shifting 
cultivation. They also have adopted the use of Brachiaria decumbens 
as an improved pasture under extensive management. These facts have 
been considered by researchers in designing a feeding sub-system for 
dairy cows that includes the use of Brachiaria decumbens

 

 in 
rotational grazing with kudzu in a protein bank.  

Panama:  
 

IDIAP researchers conducted a survey of 78 small dairy-beef 
farms in three areas of Panama. Results were used to assemble three 
prototypes representing typical model farms in the three locations. 
Research results as secondary information were utilized to design 
improved production prototypes. Changes included the use of small 
plots of improved pasture for calf-feeding, rotational grazing for 
lactating cows, year-round mineral supplementation, and dry season-
feeding with King grass (Pennisetum purpureum

 

) silage, and a 
molasses-urea mixture. The improved prototypes over the three sites 
showed milk yields increases  
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from 505 to 775 1/ha/y (Table 10). At present farm monitoring 
studies are being conducted and technological alternatives, to 
include changes on single and multiple components, are being tested 
on-farm.  

 
 

 
IV. POTENTIAL AND LIMITATIONS FOR THE IMPLEMENTATION OF FSR IN THE REGION  

In the identification, development, and implementation of FSR 
projects in both Andean Crops and Animal Production Systems networks, 
progress has been limited by the following factors:  
 

a) Institutional:  
 

Research in Latin America is conducted mainly by three types 
of organizations: Universities, Research Institutes and Ministries 
of Agriculture. As mentioned earlier, most of them are organized and 
structured to conduct commodity-oriented, disciplinary research. 
Often times they lack participation of agricultural economists and 
other social scientists in their staff. Most institutions have the 
crops and animal sciences in separate departments or faculties.  
 

FSR projects, on the other hand, are an important means to 
establish and formalize the communication and collaboration among 
researchers, since all participating staff relate to the same 
production system and are able to make specialized contributions.  
 
b) Agricultural education and orientation:  
 

Most researchers educated in Latin American universities get a 
specialized education at the undergraduate level (either crops, 
animal or veterinary sciences) with little contact with the small 
farm situation. When they pursue advanced studies in more developed 
countries, the trend is toward further specialization in 
disciplines. Upon their return they continue doing strictly 
disciplinary or support oriented research. Seldom is there an 
interest to conduct research on the problems of small farmers or a 
willingness to do multidisciplinary research.  
 

The increased exposure to on-farm research (1970-75), cropping 
systems and animal production systems (1975-80's), and recently, 
mixed farming systems research has led to a greater awareness of the 
contribution made by small, mixed farms to food production. This and 
a better appreciation of the complexities of research challenges of 
FSR directed to the small farmer has led a few young professionals 
to cross  



 121 

institutional barriers and conduct interdisciplinary research.  
 
c) Methodological:  
 

Although the descriptive phase of the mixed system research is 
clear, there is still insufficient experience in the other 
methodological steps, despite efforts made by several national and 
international institutions. Suggestions have been made to delineate 
the total methodology (Zandstra, 1982), however, the relatively few 
experiences underway in Latin America are not sufficiently advanced 
to prove conclusively the advantages or success of this methodology 
in agricultural research.  
 

Despite these limitations, a considerable potential for the 
implementation of FSR projects in L.A. exists. Small, mixed farms 
are the majority in many areas of the region and contribute 
significantly to agricultural production (Borel et al, 1982; 
Wharton, 1969; SIECA-GAFICA, 1974). Several groups of highly 
motivated researchers, such as those participating in the IDRC 
supported networks, are interested in studying mixed farms. This 
interest has been evolving from initial activities in essentially 
commodity-oriented projects which have gradually broadened in 
approach towards rural development.  
 
 

 
V. CONCLUSIONS  

1. FSR is evolving along lines developed by Latin American researchers 
through their experiences and expertise. Some institutions have begun to 
look at client-oriented research and have started to involve farmers in 
research activities.  
 
2. The network approach is an effective means for spreading FSR that 
avoids the sensitivities, pitfalls, and losses associated with large scale 
expatriate based technical assistance approaches.  
 
3. FSR should be allowed to evolve from traditional commodity programs. A 
close relationship between commodity and FSR approaches is essential in 
order to propose useful recommendations for farmers.  
 
4. Institutional, educational and methodological aspects have limited 
progress of FSR networks. However, the large number of mixed farms in 
Latin America and the interest of a few highly motivated research teams 
and the existence of promising results using this approach indicate the 
potential for FSR do exist.  
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Table 1. IDRC Supported Projects in the Andean Network 
 

Title Institution 
 

Specific Objectives 

ANDEAN CROPS 
(Peru) Ph. II 

 
Universities 
of Cusco and 
Puno, and IICA.1 

 
To complete the ecological, technical and 
socio-economic analysis of traditional Andean 
community production systems. 
 
To generate appropriate technology at the 
community level with direct participation of 
farmers. 
 
To strengthen community organization, 
administration and marketing of products. 
 
To publish and distribute information for use 
by extension and development institutions. 
 
To train undergraduate and graduate students 
by means of small grants and scholarship. 
 
 

QUINUA 
(Bolivia) 

IBTA2 To select, multiply and distribute improved 
varieties of quinua. 
 
To improve quinua through hybridization and 
wide crosses. 
 
To advance knowledge of the genetics and 
cytology of quinua. 
 
To develop, test and disseminate improved 
agronomic practices of quinua. 
 
To train and provide learning opportunities 
for technical personnel, students and quinua 
producers. 
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QUINUA  
PRODUCTION  
(ECUADOR) 

INIAP3 To study agronomic and socio-economic factors 
of existing traditional quinua production 
systems on small farms to identify 
constraints and potential demand for new 
production technologies and institutional 
services. 
 
To acquire a complete collection of quinua 
germplasm material from the quinua growing 
areas of Ecuador and to establish a quinua 
genetic improvement program in INIAP. 
 
To identify, develop and adapt improved 
quinua production practices to the local 
economic, social and cultural conditions. 
 
To train students and technicians in the 
Universities' Agricultural Sciences' 
Faculties capable of developing and promoting 
the crop in the future. 
 
 

MULTIPLE 
CROPPING 
(COLOMBIA) 
Ph. II 

ICA4 To complete evaluation and formulate 
technical recommendations for six 
intercropping patterns tested in Phase I. 
 
To evaluate two intercropping systems based 
on sugarcane and yams that were not studied 
in Phase I. 
 
To conduct pre-production trials on farmers' 
fields with one intercropped system already 
evaluated in Phase I. 
 
To strengthen the capability of ICA multiple 
cropping staff. 
 
To transfer the technology and information 
generated to the Ministry of Agriculture, 
universities, extension and development 
agencies, and farmers. 
 

 
1 IICA  - Instituto Interamericano de Cooperaciòn para la Agricultura - 

Lima, Perù. 
2 IBTA  - Instituto Boliviano de Tecnologìa Agropecuaria - La Paz, Boliva. 
3 INIAP – Instituto Nacional de Investigaciòn Agropecuaria - Quito, 

Ecuador. 
4 ICA   - Instituto Colombiano Agropecuario - Bogotà, Colombia. 
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Table 2. List of Meetings Carried Out in the Andean Crops Network 
 

Meetings Place and Date 
Participating 
Institutions Topics Discussed 

 
I  
 

 
SYMPOSIUM 
ANDEAN  
CROPS 

 
Ayacucho, Perù 
October, 1977 

 
IICA, Universities, 
Ministry of 
Agriculture, INIPA, 
INIAP, IBTA, ICA, 
IDRC 
 

 
Genetics, Andean 
crops (emphasis on 
quinua), cropping 
Systems, diagnostic 
studies 
 

II  
 

SYMPOSIUM 
ANDEAN  
CROPS 

Quito, Ecuador 
June, 1979 

INIAP, Universities, 
IICA, Ministry of 
Agriculture, IBTA, 
ICA, IDRC 
 

Genetics, agronomy, 
Andean crops, 
diagnostic studies 

III 
 

SYMPOSIUM 
ANDEAN  
CROPS 

La Paz, Bolivia 
February, 1982 

IBTA, Universities, 
Ministry of Agri-
culture, IICA, 
INIAP, ICA, INIPA, 
FAO, IDRC 
 

Agronomy, cropping 
systems, Andean 
crops, diagnostic 
studies, post-
production research 
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Table 3. Main Crop Rotations in Three Altitudinal Floors, Cusco, Peru 
 

 

Floor 
and 
Rotations 

YEARS 
Observations Frequency 

% 1st year 2nd year 3rd year 4th year 

LOW 3400-3600 m.a.s.l. “Maize Floor” 

I M M M P I 40 

II M M P R I 25 

III P/B F M M I 20 

IV M W F M U 15 

MEDIUM 3400-3600 m.a.s.l. “Potato and cereals Floor” 100 

V P W F B I 25 

VI F W S/P B U 45 

VII P/Q B S/P R I 10 

VIII Lu B F - U 20 

HIGH 3800 m.a.s.l. “Muyuys Floor” (rotation sites) 100 

IX P O/L L/A B 4 R 10 

X P R R B 5 R 30 

XI P R R R 6 R 40 

XII P R R R 7 R 20 

 100 
M = maize 
P = potato 
F = faba beans 
W = wheat 

O = oca 
B = barley 
L = lizas 

A  = añu 
Lu = lupinus 
Q  = quinua 

I = irrigated 
U = upland 
R = rest years 

Source: Tapia, M. 1982 
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Table 4. Partial Agro-Economic Results of Crop Rotations  
Patacamaya, Boliva, 1982 

 

Rotation Yields Kg/ha 
Net Income 

sb/ha 
Benefit/Cost 

ratio 
 
P-Q-F 

 
POTATO 

 
A 

 
21,176 

  
98,345 

 
 1.46 

B 10,661  33,851  0.68 
 

Q-Ba-R QUINUA A 1,432  21,686  1.16 
B 658   2,926  0.19 

 
F-P-Q FABA A 1,096   2,657  0.23 

B 614  -2,686 -0.25 
 

 
P = potato 

 
F = faba beans 

 
Ba = barley 

 
R = rest 

 
Q = quinua 

A = fertilizer seed treatment; weed control 
B = weed control (control) 
 
Source: Quinoa Project, IBTA, Bolivia, 1981—82 

 
 
Table 5. Yields and Net Income of Potato - Sweet Peas Intercrop  

Tibaitata, Colombia, 1981-82  
 

 
Treatments 

Yields 
P 

mt/ha 
SP 

Net Income/ha 
Pesos 

 
P 

  
16.9 

 
- 

 
48,798 

P 2SP (1) 16.2 1.8 58,764 
P 2SP (2) 17.9 1.4 66,078 
P 3SP (1) 16.0 1.8 76,930 
P 3SP (2) 15.1 1.6 59,550 

 

P = potato 
SP = sweet peas (2 or 3 rows) 

(1) = close spacing 
(2) = wider spacing 

Source: Multiple Cropping Project, ICA, Colombia, 1983. 
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Table 6. IDRC Supported Projects in the Animal Production Systems Network  

TITLE 
 

INSTITUTION BRIEF DESCRIPTION 

AMAZONIAN 
PRODUCTION  
SYSTEMS  
(PERU) 
 

IVITA1 The main objective is to develop 
economically and ecologically stable dual 
purpose cattle production systems in the 
Amazon basin of Peru. Two production 
prototypes representing different 
technological levels ("intermediate" and 
"intensive") have been designed and 
implemented. A diagnostic study was 
conducted to characterize prevalent 
production systems. Component research is 
being conducted with emphasis on pasture 
improvement. Also limited research is being 
conducted on animal health and management. 
Farm monitoring studies are being started. 
 

NATIVE SWINE  
(EL SALVADOR) 

Centro 
Desarrollo 
Ganadero 
CEGA-IZALCO2 

The general objective of this project is to 
develop swine production systems utilizing 
locally available resources. The project 
staff has conducted a survey of over 1000 
swine production units in El Salvador. Pro-
duction systems have been characterized and 
research priorities have been identified. 
Besides research on swine feeding on-farm 
and on-station, technological alternatives 
that also include health and management 
practices will be evaluated on-farm. Some 
basic research on nutrition character-
istics of native swine is also conducted. 
 

DAIRY BEEF 
FEEDING 
SYSTEMS 
(PANAMA)  
Ph. II 

IDIAP3 
 
 

The project objective is to develop dairy-
beef production systems for three areas of 
Panama. Farm surveys and monitoring studies 
have been conducted. On-farm evaluation of 
technological alternatives that emphasize 
feeding sub-systems is being performed. 

ANIMAL 
PRODUCTION 
SYSTEMS 
(CATIE)  
Ph. II 
 

CATIE4 
 

The main objective of this project is to 
develop improved dairy-beef production 
systems for small farmers in some Central 
America regions. Static and dynamic 
diagnoses of small farms have been 
conducted. The project has proposed a 
methodology for the evaluation of crops 
that include the following steps: 
availability, seasonality, chemical and 
nutritive characteristics, and their 
present and potential utilization by 
animals within 
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  the small farm situation. Also, the project 

is contributing intensively towards the 
development of the animal production 
systems research methodology. Several crops 
and residues have been evaluated up to the 
point of being included in feeding systems 
for dual purpose cattle for the dry season. 
The methodology developed by this project 
has served as a model for other APS 
projects in Latin America. 
 

SOUTH 
AMERICA 
CAMELOIDS 
(PERU) 

IVITA1 The objective of the project is to develop 
improved alpaca production systems and to 
augment the potential area of utilization 
of high altitude rangelands through better 
management. Project activities include 
characterization of alpaca production 
systems in peasant communities of the high 
Andes of Peru. Basic research is also con-
ducted on nutrition, health and management 
of alpacas. Project staff intends to design 
and evaluate improved production systems 
on-station and on-farm. 
 

MILK 
PRODUCTION 
SYSTEMS 
(GUYANA) 

CARDI5 The project intends to develop specialized 
milk production systems for the 
intermediate savannas of Guyana. Component 
research emphasizes the introduction and 
evaluation of new species of grasses and 
legumes for year round feeding. Project 
started last year. 
 

GOAT 
PRODUCTION 
SYSTEMS 
(PERU) 

INIPA6 This project is just starting. Its main 
objective is to develop semi-extensive goat 
production systems for two areas in the 
Northern desertic areas in Peru. A survey 
of small goat herds has been conducted. 
Farm monitoring studies are going to be 
started this year. Emphasis of component 
research will be on designing better 
feeding systems that will utilize existing 
feeding resources: agricultural by-
products, bushes and trees.  
 

 1, 2, 3, 4, 5, 6 see Table 7 for explanations of acronyms. 
2Ministerio de Agriculture y Ganaderia. Sonsonate, El Salvador. 
 



 133 

Table 7. List of Workshops Carried Out in the Animal Production  
Systems Network  

 
 

PLACE AND DATE 
PARTICIPATING 
INSTITUTIONS TOPICS DISCUSSED 

 
WORKSHOP I 

 
David, 
Panama 
May 19 – 22, 
1981 
 

 
CATIE1, IDIAP2 

IVITA3 

 
General APS 
methodology 

WORKSHOP II Pucallipa, 
Peru 
January 21 – 25, 
1982 

IVITA, IDIAP, 
CATIE, 
WINROCK4, 
CENIP5, CARDI6, 
IDRC7, INIPA8 

Methodology for the 
design and test of 
technological 
alternatives for 
animal production in 
small farms. 
 

   On-farm evaluation of 
alternatives. 
 

   The linkage between 
research and transfer 
on technology. 
 

WORKSHOP III Turrialba, 
Costa Rica 
February 22 - 25, 
1983 

CATIE, IDIAP, 
IVITA, 
WINROCK, 
CENIP, INIA9, 
UCR10, 
EMBRAPA11, 
INIPA, IDRC 
 

Design of 
technological 
alternatives based on 
diagnostic data. 

WORKSHOP IV Chiclayo, 
Peru 
October 24 - 28, 
1983 

INIPA, SR, 
CATIE, IDIAP, 
IICA12, CENIP, 
INIA, IVITA, 
WINROCK, UC-
CHILE13, IDRC 

Evaluation of 
alternatives in small 
farms. Biological and 
socioeconomical 
aspects. 

   Definition of farmers’ 
objectives. 
 

   Confrontation of 
designed technological 
alternatives with 
farmers and extension 
agents. 
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1 CATIE - Centro Agronomico Tropical de Investigacion y Ensenanza. 
Turrialba, Costa Rica. 

 
2 IDIAP - Instituto de Investigacion Agropecuaria de Panama. David, 

Panama. 
 
3 IVITA - Instituto Veterinario de Investigaciones Tropicales y de 

Altura. Pucallpa, Peru. 
 
4 WINROCK - Winrock International Livestock Center. Arkansas, USA. 
 
5 CENIP - Centro de Investigaciones Pecuarias. Santo Domingo, Republica 

Dominicana. 
 
6 CARDI - Caribbean Agricultural Research and Development Institute. 

Port of Spain, Trinidad. 
 
7 IDRC - International Development Research Centre. Bogota, Colombia. 
 
8 INIPA - Instituto Nacional de Investigacion y Promocion Agropecuaria. 

Laymbayeque, Peru. 
 
9 INIA - Instituto Nacional de Investigaciones Agricolas. Torreon, 

Mexico. 
 
10 UCR - Universidad de Costa Rica. San Jose, Costa Rica. 
 
11 EMPRAPA - Empresa Brasileira de Pesquisa Agropecuaria. Santa Catarina, 

Brasil. 
 
12 IICA - Instituto Interamericano de Cooperacion para la Agricultura. 

San Jose, Costa Rica. 
 
13 UC - Universidad Catolica de Chile. Santiago, Chile. 
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Table 8. Comparison of Economic Efficiency Indices Among Different 

Farming Systems in 230 Farms in Costa Rica. 
 

SYSTEMS 
 

LIVESTOCK 
LIVESTOCK 

+ 
ANNUAL CROPS 

LIVESTOCK 
+ 

PERENNIAL CROPS 

 
LIVESTOCK 

+ 
ANNUAL CROPS 

+ 
PERENNIAL CROPS 

 
 N = 60 N = 31 N = 80 N = 59 

 
 
TOTAL FARM 
MARKET VALUE US$ 
 

2184 1984  6691 5451 

PROPORTION OF 
MARKETED PRODUCTS, % 
 

  59   55   88   82 

GROSS RETURN, US     
 LAND, Ha   136  100  432   345 
 LABOUR, DAY 
 

      3.62       2.57       7.72        5.15 

Source: Adapted from CATIE, 1982 
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Table 9. Comparison of Performance of Different Livestock Production  
  Systems in 38 Farms of Costa Rica 
 

 SYSTEMS 

 DUAL PURPOSE SPECIALIZED 
MILK  BEEF MILK 

 
BIRTH RATE, % 

 
 39 

 
 52 

 
  67 

CALF MORTALITY, %   2  10      8.4 
MILK PRODUCTION, 1/Ha/y 182 652 1567 
BEEF, Kg/Ha/y 153 192   86 
TOTAL FARM INCOME, US$/Ha 130 270  539 
NET FAMILY INCOME, US$/Ha 109 155  377 

 
Source: Adapted from CATIE, 1982 
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Table 10. Comparisons of Improved and Control Dual Purpose Cattle Modules 
in Panama. 
 

INDEX 
AREAS 

GUALACA SONA LOS SANTOS 
 C1 I2 C I C I 
BIRTH RATE % 62  79    69.9    71.4    70.8    76.2 
MILK PRODUCTION 1/Ha/Y 491 764 538 735 437 725 
BEEF PRODUCTION, Kg/Ha/y 106 136 49 123 105 187 
NET FAMILY INCOME, US$/Ha3 153   184.9 122 182 170 160 
1 C : Control 
2 I : Improved 
3 Net Family Income: Total Farm Income-Cash Expenditures 
 
Source: Adapted from IDIAP, 1982 
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INTEGRATING CROPS AND LIVESTOCK AND  
LIVESTOCK RESEARCH AT IRRI  

 
 

Edwin Price  
Venancio Acebedo 

  
 

Between 1964 and 1975, farming systems research at IRRI evolved from 
on-station intercropping experiments, to on-farm multi-disciplinary 
research on crops/livestock systems. The transition occurred as each 
introduction of new technology onto farms, and close observation of the 
results, led to an ever wider identification of the problems of improving 
rice technology for the Asian rice farmer. The adoption, use and benefit 
of using improved rice technology depend upon other crops, non-crop farm 
activities, and affairs of the village, country and levels of community in 
between. We recognized however that while the environment within which 
technological changes take place must be understood, our choice of an 
instrument for bringing change remained all-important. Advances in 
research and development appeared to require narrowly defined objectives.  
 

Thus while broadening our understanding of the circumstances that 
impinge on successful intervention in rice-based farming systems, our 
instrument of change remains rice technology. Our objective is to use rice 
technology to expand food-producing farm activities. It is accomplished 
both through our own research, and by providing research services to 
national institutions. Research services are provided through the Asian 
Farming Systems Network (AFSN), formerly the Asian Cropping Systems 
Network (ACSN).  
 

Beginning in 1975 the technical and methodological results of IRRI's 
cropping system research were shared with similar programs in Asia through 
the Asian Cropping Systems Network. The ACSN was coordinated by a member 
of IRRI's cropping systems research program. Network coordination was 
separated from research in 1983 and established as the "Rice farming 
Systems Program", one of IRRI's five global research services. It assists 
governments in establishing farming systems research programs, 
coordinating training, and facilitates the identification of research 
problems and communication or research results through field tours, 
workshops and conferences in the Region. IRRI's own farming systems 
research continues to be conducted in the "Cropping Systems Research 
Program".  
 

In the following part of this paper I will briefly describe the Rice 
Farming Systems Program activities to support national research program on 
crops-livestock systems. In the second part I will present  
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results of recent crops-livestock research at IRRI. In the final part of 
the paper I will suggest possible strategies for the development of crop-
livestock systems in Tropical Asia.  
 
 

 
SERVICES FOR CROPS-LIVESTOCK RESEARCH  

The Asian Farming Systems Network initiated international 
collaborative research on crop-livestock systems with a workshop in Los 
Banos, April 25-28, 1983 (Asian farming Systems Network, 1983). One 
summary session of the workshop set objectives and technical framework for 
collaborative studies in each of five countries, Nepal, Indonesia, 
Philippines, Sri Lanka, and Thailand. The objectives of the studies are to 
improve the quantity and quality of food consumed by farm families, and to 
increase their income and employment. The research will focus on rice-
based farming systems, seeking ways to better utilize the rice plant, 
introduce feed crops into rice-based cropping patterns, and utilize the 
by-products of introduced crops.  
 

The second summary session considered methods of research. 
Performance prediction will be used to screen national livestock 
technologies to a greater degree than for crop technologies because cost, 
complexity and time requirements for livestock experiments are greater. 
Few trials at few locations will be conducted and therefore prospectively 
a wider range of scientific expertise can be devoted during the period of 
an experiment. Technical research will largely aim to increase feed 
supplies and therefore analytical methods developed for cropping systems 
research can be used.  
 

The Rice Farming Systems Program at IRRI will support the five 
national crop-livestock research projects with assistance from the 
Institute of Animal Science of the University of the Philippines. The 
latter will conduct supportive research on livestock while IRRI conducts 
crops research that will support the livestock system (Institute of Animal 
Science, 1983). The objectives of the IRRI-UPLB farming systems support 
project are as follows:  
 

1 To establish collaborative research on crop-livestock production 
systems between IRRI and national programs in Asia.  
 
2 To develop and refine crop-livestock research methodologies to be 
used in the Asian Farming Systems Network.  
 
3 To further develop relevant component technologies for both crops 
and animal systems.  
 
4 To facilitate exchange of research information and ideas among 
scientists in Asia on crops and animal production systems.  
 
5 To promote collaborative research between crops and animal 
scientists (Institute of Animal Science, 1983).  



 140 

Crops-livestock research will be conducted in the five countries at 
locations where cropping systems research was previously conducted for at 
least 2 years. Feed crops and other feed-producing techniques will be 
introduced into cropping patterns. The five sits will serve to develop and 
refine methods for incorporating livestock in cropping systems research. 
The models developed will then be extended to other farming systems sites 
within the country.  
 

The location for Philippine research is in Santa Barbara 
Municipality, Pangasinan Province, a rainfed wetland rice system, with 
farms of about 2.2 ha in size. Farmers own an average of 2 head of cattle 
and water buffalo. IRRI researchers will directly participate in the 
Philippine project, conducting research on food crops in rice-based 
patterns that can be used for both grain and fodder. Farmers presently 
plant one rice crop, sometimes preceded by corn or followed by mungbean. 
Varieties of cowpea and mungbeans will be evaluated for both grain and 
fodder production an introduced into the cropping pattern. Pigeon pea will 
be introduced after rice as a sole crop or intercropped with mungbean. 
Leucaena glauca

 

, and pigeon pea will be tried in home lots for additional 
animal feed, (Animal Science Institute, 1983).  

The project will involve 15 farmer cooperators and be administered 
by Ministry of Agriculture, Regional Integrated Agricultural Research 
(RIAR) team. The Bureau of Animal Husbandry will supply veterinary 
services and participate in the research activities. It will be the first 
occasion for IRRI, participant in a multi-disciplinary project, to engage 
in crops research specifically for the support of livestock activities. 
Previous IRRI crop-livestock research was aimed solely at assessing the 
role of livestock in rice-based cropping systems. In the following section 
of this paper results are presented from some of the on-going research in 
this area.  
 
 

 
ROLE OF LIVESTOCK IN A RICE SYSTEM  

When Solana Municipality, Cagayan Province, Philippines, was 
selected for cropping systems research, high livestock numbers was one of 
the features that attracted IRRI researchers. Cagayan Province has the 
largest bovine herd of all provinces in the Philippines, comprising mainly 
carabao, or water buffalo, and this is reflected in the high density of 
draft carabao on rice farms. On their average 3-ha holdings, Solana 
farmers keep two work animals, compared to an average of one or less on 
other non-mechanized farms in Batangas, Iloilo, and Pangasinan where 
cropping systems research was previously conducted.  
 

Researchers wanted to understand why Cagayan rice farmers keep more 
than twice as many work animals as other farmers and how this relates to 
the cropping system, particularly the potential for improved cropping 
patterns. Along with studies to identify more productive cropping 
patterns, practices of carabao raising, marketing and use on farms were 
also examined. The results are presented below to show the relationship  
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of draft animal production to cropping systems in Solana, Cagayan, leading 
to suggestions in final section of specific research that might be 
conducted at IRRI to support more productive farming systems.  
 

 
Cagayan Crops and Carabao  

Farms in Solana average 3 ha of which half is light, recent alluvial 
soils adjacent to the Cagayan river where farmers grow mainly corn and 
mungbeans in seasons when the river is low (Table 1). The upland is 
regularly inundated for about four months each year when the river rises, 
however the date of flooding varies by as much as two months and 
introducing high variability in crop yields. Drought also periodically 
damages upland crops. Generally farmers attempt to grow two crops a year 
on the upland, one after rains start in April or May, before the river 
rises, and another after the river recedes around December.  
 

The other half of farmland comprises heavy soils on the upper river 
terrace, or talon, where farmers mainly grow rice. Relative elevation of 
these lowlands declines with distance from the river, and during the rainy 
season water accumulates to a depth of about one meter. Here farmers grow 
a single crop of a tall, traditional Javanica rice varieties, but often 
attempt no crop at all. Shallow rainfed conditions prevail on the higher 
elevated lowlands and farmers sometime attempt a crop of mungbeans after 
rain starts, but before sufficient water accumulates for rice. But again, 
when this will occur varies over several months and leaves uncertain each 
gear whether it is better to try mungbeans first or to proceed with rice. 
The entire lowland is subject to flash floods, lasting a week on the 
higher portions and three weeks on the lowest part. Also, prolonged dry 
periods often occur after rains commence, damaging mungbeans if early, or 
rice later.  
 

Floods or drought often delay or damage crops. Crop histories 
recalled by farmers suggest that in two out of three years, half or more 
of a crop's yield is lost to drought or flood. Indeed during the three 
years of IRRI'S research at Solana, floods severely damaged farmers rice 
crops in 1980 and 1983, and also in 1982, drought caused additional 
damage. One of the three pre-monsoon crops planted on the upland was 
destroyed by floods, and all three of the post-monsoon upland crops were 
damaged by drought.  
 

Figure 1 shows the farmers' cropping patterns and IRRI'S 
experimental patterns that were tried in the first year of research, in 
relation to average rainfall in the area (Gonzaga, et. al., 1982). The 
main emphasis of research is finding ways to increase cropping intensity, 
possibly by using early maturing rice varieties and direct seeding 
techniques to enable harvest of an early HYV rice crop before floods. A 
second crop might then be planted. Simply stabilizing the system so that 
fewer losses are incurred is also an objective. Higher yet profitable 
rates of variable inputs are employed on the experimental  
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patterns but play a secondary role in researchers attempts to improve crop 
production and incomes.  
 

A survey of cropping practices when research began in early 1980 
showed that modern rice varieties were not in use, almost no fertilizer 
was applied, and no herbicides or insecticides. The situation has changed 
somewhat over the last three years with many farmers trying modern rice 
varieties, and using some of other inputs. Table 2 is a summary of crop 
management from 1980 to 1983, showing low levels of cash inputs. (As 
presented these results bear few implications concerning the impact of 
unfinished cropping systems research because until now there have been no 
attempts to introduce new cropping practices.)  
 

 
Carabao management in Solana  

Carabao provide traction power to farms according to the schedule 
shown in Table 3. The time required for various operations are shown in 
Table 4, adding up to a total work time per year of about 740 hours per 
farm, or 390 hours per carabao. Most (78%) of traction power is provided 
by farmers' own animals, 20% by animals hired (with their handlers) from 
other farms, and 2% by animals hired with workers from landless 
households. Table 5 shows the work capacity of carabao by age and sex 
compared to usual work hours on days when they are in use (Acebedo arid 
Church, 1982). While farmers gave the estimates of work capacity shown, 
they caution that animals should only occasionally work such long hours. 
Daily work at their maximum capacity would lead to sickness.  
 

The value of a work carabao in 1980 was 1620 pesos ($216), giving a 
total value of 4240 pesos ($565) for the average 2.14 animals owned per 
farmer. Farms monitored during the three year study were stratified into 
four groups by size, but over this range the number of carabao did not 
vary (Table 6). The average farmer possessed about 7910 pesos ($1055) 
worth of capital items used with carabao including upland and lowland 
plows, harrows, cart sled and harness (Gonzaga, et. al, 1982). A plowman 
with carabao was paid about 15 pesos ($2.00) for a day's work, twice the 
payment when a plowman is hired alone to work with an owned carabao.  
 

The average Solana farm also has swine and poultry worth about 350 
pesos ($47). Sales of livestock averaged 608 pesos in 1980-81 ($81), 
compared to 737 pesos ($98) for crop sales. Livestock sales accounted for 
43% of cash income from farm household. Cash expenses for livestock 
activities were 78 pesos ($10), 22% of farm cash expenses and 2% of total 
cash expenses of the farm household (Gonzaga, et. al, 1982). Livestock 
clearly play an important role in the cash liquidity of the farm 
household, of which carabao sales are a component. In 1982, 4 (15%) of 26 
working animals that researchers began monitoring in January were sold, 
and one of them was subsequently replaced by offspring and one replacement 
was purchased. After on-farm reproduction, the most 
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common method of acquiring carabao is to care for other farmers' animals, 
and in return receive the offspring. Another method is simply to rent a 
work animal for the crop season and pay one-quarter of the rice harvest 
after paying harvest costs. Other farmers use animals that have simply 
been loaned or given by relatives.  
 

Sixty-seven percent of the Solana carabao herd comprises animals of 
working age, 7 to 20 years old, 58% of which are castrated males. The 
adult females produce 0.51 calves per year but no attempt is made to 
control breeding. Males are castrated at age 4 and females produce their 
first calves at age 5 (Acebedo and Church, 1982). Higher rates of 
reproduction are not attempted, farmers say, because it would be difficult 
to feed more animals. The rate of natural mortality in 1982 was 0.4% of 
the working herd. The majority of working animals are vaccinated every 
year, for an overall annual vaccination rate of 83% of the adult herd.  
 

While providing needed traction power to farmers, and enhancing the 
cash flow, carabao require high labor inputs for feed procurement. In 
1982, an average of 3410 hours per farm were spent caring for carabao or 
about 4.4 hours per day per animal, 35% by male farm household heads 
(Table 7). With relatively large farms and a highly variable crop 
schedule, farmland lies fallow much of the time. Grazing animals on fallow 
lowland and upland accounts for 70% of the labor used in livestock care in 
Solana. The upland can be used in March, and any unflooded parts in August 
through October. Open lowland can be found in most other months except 
October or December, when crops or deep water cover the landscape. Twenty-
four percent of annual labor for carabao care is spent at this time 
herding animals on the hillsides, which requires the operator, a son of 
other male relative to live at remote campsites for several weeks. Another 
6% of annual labor for livestock care is spent cutting grass for animals, 
concentrated mainly in these same peak months of the rice cropping season 
(Table 8).  
 

 
Relationships of crops and carabao  

Analysis of crop and carabao production and management in Solana 
suggest several interrelationships that strongly influence the performance 
of the two subsystems. Because of sizeable and varied land resources and a 
highly uncertain climatic environment, a larger-than usual draft power 
capacity is an economic necessity. Soil and weather conditions favor crop 
establishment at highly dispersed, brief and unpredictable periods of 
time. Farmers must be prepared to act quickly to sow or transplant crops, 
and this can only be done if ample traction power is available. This is 
reflected in quick one-week sequences of plowing and planting on many 
small plots, compared to the more usual pattern in other locales of first 
preparing large contiguous areas for simultaneous planting. The 
unpredictability of appropriate planting dates is seen in rice seedlings 
that may age from 20 to 80 days in nurseries waiting for acceptable soil 
and weather conditions.  
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The value to farmers of traction power during critical periods of 
land preparation is indicated by the wage rates they pay. Five-week moving 
average wage rates are shown in Figure 2 computed from hiring transactions 
observed among the 48 farmers whose activities were monitored in 1980-81. 
Compensation in kind as well as in cash is included in the computation. 
When rains first came in April 1980, land preparation for corn on the 
upland and for mungbeans on the lowland both required large amounts of 
draft power and pushed up hiring rates. Costs per hour fell and rose 
thereafter when soil and weather conditions became right for subsequent 
crops.  
 

The same conditions that require a high draft power capacity also 
provide the means to procure it. Land and weather conditions cause large 
areas to remain fallow during much of the year, supplying forage to 
animals. Otherwise farmers would likely have mechanized their farms by 
now. With relatively cheap feed supplies, it has remained profitable to 
use animal draft power. Low labor wage rates in remote and 
unindustrialized Cagayan Province have also played a role; cheap herding 
labor has been necessary for the system to survive. In fact rising wage 
rates might well lead to the eventual decline of the system.  
 

Feed supplies and cropping patterns, particularly improved cropping 
patterns, are linked more closely than might appear, If mungbeans are to 
be grown on the lowlands before rice it is critical that they be planted 
soon after the rains start because if their growing period extends too 
late into the rainy season they will die from water-logging. Despite this 
problem, widely recognized by farmers, still mungbeans are delayed until 
corn on the upland is established. As a consequence, lowlands that might 
have been planted to mungbeans are left idle. An improved early mungbean 
crop was a major emphasis of cropping systems researchers, expecting to 
increase cropping intensity by increasing the area of this crop.  
 

It is now clear that the improvement will not be possible (Conzaga, 
et.al.). Although profitable, the improved crops of mungbeans grown by 
researchers were not as profitable as corn grown on the upland. Further, 
traction power is only sufficient to plant corn and mungbeans one at a 
time, resulting in a characteristically late, flood-prone mungbean crop. 
The profit that could be made from growing a timely mungbean crop is not 
sufficient to induce farmers to add to their draft animal capacity, 
particularly when faced with already strained feed supplies. The draft 
capacity of present carabao numbers is apparently just sufficient to 
operate at present levels of cropping intensity. So far, higher cropping 
intensity does not appear profitable enough to pay farmers to keep an 
additional carabao through the year.  
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The principal interactions of crops, carabao and climate in Solana 
can be summarized as follows:  
 

Highly variable climate means that favorable times for land 
preparation and planting are dispersed and brief, hence requiring a 
high traction power capacity on farms.  
 
The climate situation causes land often to lie fallow, which in turn 
supports large numbers of carabao to supply draft requirements.  
 
Carabao numbers are limited to present levels by available feed, 
chiefly cut grass and forage.  
 
Using traditional planting methods, area planted is limited to 
present levels by land preparation capacity of the draft animal 
herd.  
 
New technology to grow crops in periods when draft power is unused, 
or to grow crops with minimum tillage, may help to increase cropping 
intensity, but may reduce forage needed by draft animals, and hence 
result in a yet lower capacity to prepare land for crops.  
 
Improved technology for producing feedstuffs may permit an increase 
in both carabao and cropping intensity.  

 
 

 
RESEARCH STRATEGIES, SOLANA AND BEYOND  

The situation in Solana, Cagayan, leaves IRRI researchers with a 
choice among several alternatives. At past research sites an approach was 
followed much like the work at Solana to date. That is, new cropping 
patterns were developed that were suited to the current levels of draft 
power supply, and other farm resources. Livestock numbers were monitored 
but no technical intervention into the livestock subsystem was attempted. 
Incidentally, in Iloilo where previous cropping systems research was 
conducted, the new cropping patterns were widely adopted and cropping 
intensity increased such that wage rates, including that for land 
preparation, increased sharply. Mechanization of harvesting ensued, and 
later, of land preparation also.  
 

Despite the analysis that was conducted on livestock and other 
subsystems of the farm, because only crop technology was directly 
manipulated, the work has been regarded as cropping systems research. 
Another approach is to seek technical change in both the crop and non-crop 
subsystems of the farm, in which case the work might be termed "mixed 
systems" or "farming systems" research (Price and Tait, 1981). Further, 
the changes may be technically related or unrelated. The former is closer 
to farm management research than to systems research because the principal 
objective is to develop and/or introduce activities that more 
advantageously share the farm resource base. The  
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innovated activities are technically unrelated in the sense that the 
innovation of one does not necessarily imply changes in the productivity 
of resources in the other activity.  
 

In a second type of technological change, the innovated activities 
in two or more subsystems of the farm are so related that innovating one 
activity necessarily brings about a change in the productivity of 
resources employed in the other (See Henderson and Quandt, page 67, for a 
discussion of technical relationships in production, and Lee, page 204, 
for an application to multiple cropping). An example is changing to a corn 
insecticide that is not toxic to animals, making it possible to use the 
stover as feed.  
 

In Solana some general choices are:  
 
Continue to design and test only crop technology (e.g. improved 
rice-rice patterns. 
 
Design and test technically unrelated crop and livestock technology 
that support more draft animals (e.g. on some land grow grass for 
cutting and feeding, and other land grow an improved mungbean-rice 
pattern).  
 
Design and test technically related crop and livestock technology 
that supports more draft carabao (e.g. grow a grain legume before 
rice the residue of which can be fed to livestock).  

 

 
Decision criteria  

The proposition of new research at IRRI should be considered with 
respect to the following conditions:  
 

The research objectives fit within IRRI's mandate to improve 
nutrition and incomes in rice growing areas through improved quality 
and quantity of rice (IRRI, 1982, p. 4);  
 
Suitable human and other resources are available or conducting the 
prospective research, and  
 
Prospective gains for the research are greater than those expected 
for alternate expenditures.  

 
The first condition is interpreted to include rice research that 

raises food production generally, without regard to the quantity of rice 
specifically. Hence, in cropping systems research new rice technology is 
developed and employed that helps improve the production of either or 
both, rice and non-rice crops. This is the context in which the direct 
seeding of early maturing rice varieties was first proposed by cropping 
systems researchers, a technique that might sacrifice rice yield, but 
enable planting an additional crop of either rice or an upland crop.  
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Research opportunities to increase food production on rice farms 
independently of the rice technology employed, are generally regarded to 
lie outside the mandate. A test for whether a prospective technology for 
producing a non-rice crop, or non-crop activity, sufficiently relates to 
rice production was described earlier. That is, if the technology is used, 
would the productivity of resources employed in rice production be 
affected?  
 

The above guideline has been carefully followed in the cropping 
systems programs at IRRI, where research on non-rice crops has always 
played an important role. Much of the work focuses on rice and non-rice 
crop sequences in which the management of all the crops in the sequence is 
strongly interdependent. There have been opportunities to conduct research 
to improve non-rice and non-crop enterprises on the same farms where rice 
is grown; however when the technical relationships with rice is not clear, 
the work has been avoided or suggested to other agencies. At the IRRI-
CIADP cropping systems research site in Solana, research to improve crops 
grown on the upland is conducted by the Cagayan Integrated Agricultural 
Project (CIADP), while IRRI's efforts focus on the lowland where rice is 
grown.  
 

The reason for limiting the scope of cropping systems research to 
rice-related technologist is not merely the consequence of the perceived 
mandate of IRRI, for that at times has been open to reinterpretation. (For 
example, any work on non-rice crops would seem to be precluded by the 
stated purpose of improving nutrition and incomes through improved quality 
and quantity of rice.) A narrow research focus also follows from the 
second criteria for choosing research, suggesting that suitable human and 
other resources should be available for conducting the prospective 
research. IRRI'S human and physical resources have been acquired and 
developed for rice research, and cannot easily support agricultural 
research unrelated to rice production. Where non-rice expertise has been 
needed for rice-related research, the gap is filled by ancillary projects 
funded and conducted outside the Institute. For example, a grain legume 
breeding project at the Philippine Plant Breeding Institute was designed 
and funded to support IRRI'S cropping systems research.  
 

Finally, prospective research to solve multi-enterprise problems in 
the farming system of Solana, or elsewhere in IRRI's rice-based farming 
systems program, should be considered in view of the relative gains from 
research. This is related in part to the previous criterion, since IRRI 
has a substantial research infrastructure devoted to rice, prospective 
gains from rice-related technologies will be less costly than those from 
other areas of agricultural research, if conducted at IRRI. The other 
question is, given that some further expansion of research into rice-
related, non-rice enterprises is appropriate, which among the other farm 
subsystems are likely to offer the greatest gains from IRRI's new research 
investment.  
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The schematic representation of a farm in the cropping systems on-
farm methodology (Zandstra, 1982) suggests at least two other subsectors 
that might offer high returns to rice related research (Figure 3). The 
farm household consumes rice and produces labor. It is very clear in 
Solana, for example, that nutrition is an over-riding concern of farm 
household particularly when crops have been damaged by floods or drought. 
Crop loss in 1981 so strongly affected the physical and mental health of 
villagers in Solana that research was virtually halted with several 
"cooperating" farmers. The design and testing of technology with respect 
to nutritional requirements of the household should be considered against 
alternate new directions in research.  
 

The petty merchandising, handicraft, off-farm employment and 
marketing activities of households also strongly interact with the rice 
subsector, earning cash for inputs and transforming crop produce into cash 
for the family needs. Improvement of farm human capital through training 
and improvement of extension services is yet another innovation, strongly 
interactive with rice production, which can be brought about through 
research on extension and other forms of technology dissemination and 
acquisition.  
 

Biological subsystems of the farm that in certain locales are more 
important than livestock include aquaculture and agro-forestry. Rice 
production on a significant minority of Asian farms is technically related 
to forest-based enterprises. The design and testing of new rice technology 
for regimes in which forest land is a major resource could favorably 
affect the livelihoods of approximately 0.5 million "kaingineros," or 
"slash and burn cultivators," (Fernandez, 1983) in the Philippines alone, 
while alleviating some of the systems' destructive effects on land and 
water in both the highlands and lowlands. These as well as the non-
biological subsystems of the farm might be considered along with livestock 
as possible new subjects of rice-related research.  
 

In summary, it follows from IRRI's mandate, the resources available 
at IRRI, and rates of possible gains per unit of research cost, that any 
expansion of agricultural systems research to non-crop enterprises be 
directed toward the development of technologies that bear strong technical 
relations to rice. An approach to solving problems affecting the carabao-
rice production systems in Solana should be considered in this light.  
 

 
Research on Rice-bovine Systems  

Maintaining a passive research approach to bovine production in the 
rice-based system in Tuguegarao remains an attractive alternative. Certain 
advances are being made toward increasing the rice cropping intensity 
using minimum tillage techniques and early maturing of submergence 
tolerant rice varieties. These are attractive to farmers and entail the 
employment by IRRI of no new areas of expertise. The livestock sector will 
be affected; likely carabao numbers would decline  
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as the land is increasingly covered with crops and the feed supply becomes 
restricted. Mechanization of land preparation, with machine services paid 
for by new crop surpluses, is also likely. Exogenous development of the 
Cagayan Region is likely to increase wage rates which in turn will bring 
further pressure on the carabao industry as herding costs increase.  
 

But these are a lot of "ifs," and still nothing can be done about 
the weather. An alternative approach is to incorporate increased animal 
feed supplies into the farming system, and here there are several choices, 
as follows:  
 

Purchase feed for carabao  
 
Produce forage or other feed outside the rice-based cropping 
patterns  
 
Produce forage or other feed within rice-based cropping patterns.  

 
The first two alternatives should be rejected because although they 

may be profitable, they imply research that is not technically related to 
rice. It is not appropriate research for IRRI. The last alternative, 
producing feeds in rice-based cropping patterns in turn suggests the 
following additional choices.  
 

Use of rice straw  
 
Production of grasses before or after rice  
 
Growing non-rice crops with a feed-quality residue in sequence with 
rice  
 
Growing non-rice feedgrains in a rice sequence growing a feedgrain 
quality rice  
 
Growing a dual purpose rice variety that can first be used for 
forage or a fresh grass feed, and that later can produce grain for 
human consumption.  

 
Rice straw is not a high quality feed and furthermore farmers 

already exploit this feed source to the extent that it is profitable. The 
growing season is so restricted by weather that establishing a grass crop 
before or after rice is likely to bear a higher opportunity cost than can 
possibly be paid from additional livestock carrying capacity. Grain legume 
hay is a possibility, but experimental crops produce only marginally 
profitable grain crops, and insignificant amounts of hay. Furthermore, 
while research to better manage grain legumes in sequence with rice can be 
justified as "rice-related", research to improve grain legumes with 
respect to their technical relations with both rice and  
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livestock is a complex proposition as a whole within farm innovation. It 
implies substantial simultaneous technology development and extension in 
several far enterprises, including perhaps an entirely new activity in on-
farm feed processing. Hence it is unlikely to meet with quick success. 
More will be said of this later.  
 

Although low-grade rice is used for brewing and fed to livestock in 
other countries, especially Thailand, it is seldom used for working bovine 
herds. In Solana it is not a likely approach to supporting carabao herds. 
However, should a feed quality rice variety be developed that yields 
better than varieties for human consumption it would likely offer benefits 
to swine and poultry raisers while increasing returns to rice producers? 
Production of a feed quality rice would offer benefits to rice producers 
particularly when prices for the grain for human consumption are low, as 
presently. Feeding of low quality wheat to livestock has traditionally 
provided a floor under wheat prices in wheat growing countries, and with 
appropriate breeding, the same could be done for rice.  
 

Use of green vegetative parts of the rice plant, either fresh by 
grazing or cutting and feeding, or as silage, possibly offers a quicker 
and higher return to IRRI research than any other livestock technology 
related to rice. Table 9 shows the nitrogen content of rice leaves at 
different periods after planting. A long maturing rice plant might offer 
several crops of fresh grass feed before entering the reproductive and 
ripening stages. Farmers in Ilocos and the Cagayan Valley in fact 
traditionally prune their wagwag

 

 rice varieties, taking about half the 
plant, and feeding it to their animals. In Bandarawela, Sri Lanka, farmers 
prune the entire plant to about 15 centimeters to prevent damage during 
the windy part of the growing season.  

Recognizing that the carabao feed supply is lowest in Cagayan when 
the rice crop is in the reproductive and ripening stages, possibly a 
silage process might be employed for saving surplus vegetation for feeding 
at this time. Dairy farmers in Central Luzon pay farmer’s 0.15 pesos/kg 
for green corn fodder (with immature ears) which they make into silage for 
feeding milk cows.  
 

Grazing of short-statured, long maturing rice varieties before the 
reproductive period may be possible while the crop is grown on firm soil, 
before flooding. Or such a plant type grown as an upland rice might be 
grazed. Rye and oats are managed in this manner in temperate climates. 
Ratoon rice crops are already a component of the post-rice feed supply 
that might be improved through rice breeding. However in most rice growing 
areas, the post rice-period is the least critical period of bovine feed 
supply (Price, 1973).  
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The possibilities suggest new initiatives in rice breeding and 
experimentation in management of the rice crop. The possibility of 
breeding a high-yielding feed-quality rice grain should be investigated. 
Breeding and screening of rice varieties for ratooning ability should be 
increased, and the grazing potential of short-statured varieties should be 
investigated. The possibility of harvesting one or more fresh grass or 
silage crops from medium or tall rice varieties before the crop enters 
reproduction should be studied, perhaps by mowing various selections in 
the vegetative period. The nutritive value of green vegetative parts of 
the rice plant should be analyzed, along with that of silage produced 
through alternate processes.  
 

Use of the rice plant itself as animal feed would seem to lie within 
IRRI's mandate and area of expertise. If research on livestock in rice-
based farming systems is deemed to have sufficient payoff to merit IRRI's 
attention, obviously this particular approach to technology development 
should be considered. In fact, given the remoteness from IRRI's mandate 
and expertise of other possible innovations to support livestock in rice-
based farming systems, there can be little justification for IRRI's 
conduct of farming systems research.  
 

 
Exploiting markets for the crop-livestock linkages  

The advantages of developing technology for crop livestock systems 
are based upon the proposition that gains from their direct technical 
linkage on small farms substantially outweigh prospective gains from 
developing either independently, and linking them through markets. Linking 
feed and livestock production through markets obviously incurs costs for 
the marketing function. But these costs may be outweighed by the value of 
efficiencies from producing what grows most profitably on the land, and 
feeding to animals the most profitable rations. Experimental crop-
livestock technologies should be compared against this standard.  
 

I cannot presently offer a rigorous analysis, but I suspect that 
small farmers' and researchers' resources would be better spent developing 
crop and livestock enterprises independently than on some of the notional 
technologies I have presented above. In recent years, large-scale animal 
enterprises have flourished in Asia, keeping the cost of animal protein in 
diets much lower than what it otherwise would be. These industries often 
are based on imported feed supplies. In the Philippines, soybean meal 
imports have risen dramatically since the mid-970's (Table 10), to nearly 
250 thousand metric tons in 1983 (Price and Paris, 1983). With a recent 
devaluation of Philippine currency and attempts to control food prices, 
livestock producers are in jeopardy. Research to support feed production 
for local markets may prove a more beneficial use of research funds than 
the investment we are making in on-farm technical linkages of crops and 
livestock.  
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Table 1. Landholdings of farmer respondents in Solana, Cagayan, 1979. 
 

 
 
Table 2. Costs and returns ($/ha) of 87 farmers’ plots planted to the 

mungbean-transplanted rice (TPR) pattern on First Stratum 
lowland, Solana, Cagayan, 1980 – 1983. ($) 

 
 Mungbeans TPR Total 
          ($)  
Value of labor 17   85 102 
Value of draft power  6   20  26 
Material cost 10   10  20 
Total variable cost 33  115 148 
Yield (kg/ha) 29 1030 - 
Gross returns 19  188 207 
Net returns 
 

  -14 
 

  73 
 

 59 
 

 

Farm size group 
(ha) 

Farmers 
(no.) 

Parcels 
(no.) 

Area (ha) 

Lowland Upland Total 
 

 1.00 or less 
 

12 
 

1.5 
 

0.64 
 

0.17 
 

0.81 
1.01 – 2.00 20 2.6 0.92 0.74 1.66 
2.01 – 3.00 25 3.0 1.56 1.02 2.58 
3.01 – 4.00 20 4.0 2.09 1.53 3.62 
4.01 – 5.00 15 4.9 2.17 2.44 4.50 
 5.01 or more  8 5.9 3.55 3.29 6.64 

Average 
 

- 
 

3.7 
 

1.66 
 

1.34 
 

3.00 
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Table 3. Average work time per carabao by month and operation.  
Solana, Cagayan, Philippines, 1982 (hours). 
 

Month  Clear Plow Harrow Furrow Hilling-up Hauling Total 

 
January  

 
 0.0 

 
 6.1 

 
 1.3 

 
1.4 

 
3.5 

 
2.2 

 
14.5 

February   0.0  1.3  0.0 0.0 0.4 1.0  2.7 
March   1.0  5.7  0.3 0.0 0.0 1.4  8.4 
April   1.9 35.7  3.4 9.7 0.0 1.7 51.4 
May   0.0  2.1  0.8 3.0 1.8 0.4 13.1 
June   0.1 10.3  4.5 2.1 5.4 0.4 22.8 
July   1.1  8.5  1.3 0.2 0.0 0.5 11.6 
August   7.2 26.8  9.4 1.3 1.3 1.1 47.1 
September   9.3 18.6 17.4 0.4 0.0 0.0 45.7 
October   9.9 30.6 16.8 0.0 0.0 0.0 57.3 
November  13.4 27.3 11.1 3.4 0.0 5.3 60.5 
December  
 

 9.2 
 

22.6 
 

 4.1 
 

6.6 
 

6.5 
 

3.7 
 

52.7 
 

Year  52.1 200.6 70.4 28.1 18.9 17.7 387.8 
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Table 4. Comparison of animal power requirement (hrs/ha) 
 

 ACTIVITIES TOTAL 

Pattern Plowing Harrowing Furrowing Culti-
vation 

Trans-
port Crop Pattern 

 
Traditional lowland patterns: 
 
Mung/Rice 
(TPR) 48/85 27/64 103/0 0 0/7 178/156   334 
Fallow/Rice 
(TPR) 0/92 64 - - 0/7 0/156   156 
 
Traditional upland patterns: 
 
Corn/Corn 54/80 13/16 25/22 24/72 6/6 122/196   318 
Corn/Mung 56/74 19/20 30/21 30/11 6/0 144/126   267 
 
Designed Cropping Pattern: 
 
TPR/Mung 80/22 74/10 0/13 - 7/0 161/45   206 
TPR/TPR 74/41 70/42 - - 7/7 151/90   241 
Mung/DSR 51/75 24/77 24/52 - 0/7 99/211   310 
Mung/TPR 35/67 15/54 17/0 - 0/7 67/128   195 
Mung/DSR/Mung 41/28/0 29/24/0 15/15/25 - 0/7/0 85/74/25   184 
Mung/TPR/TPR 
 

41/43/35 
 

15/37/30 
 

14/0/0 
 

- 
 

0/7/7 
 

70/87/72 
 

  229 
 

 
Note: The data above are for the crop year 1980-81 when the crops were exposed to 

floods and drought. Therefore, the reader should be cautioned that the 
animal power requirement may be understated; further field research will be 
conducted to obtain more reliable figures. 

 
 For designed patterns no carabao transport figures were available; it is 

assumed therefore that transport requirements will be at least as much as 
for traditional crops. 

 
Source: Acebedo and Church, 1981. 
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Table 5. Potential and actual work capacity of carabao. 
 

 
 
Table 6. Average number and value of livestock by farm size, Solana, 

Cagayan, 1980. (Values in pesos) 
 
 0.50-1.25 1.75-2.50 3.00-3.75 4.25-5.00 
 No Value No Value No Value No Value 
 
Carabao 

 
2 

 
1330 

 
 2 

 
1609 

 
2 

 
1801 

 
 2 

 
1621 

Swine 2  181  2  233 2  261  2  373 
Poultry 
 

7 
 

   7 
 

11 
 

   9 
 

8 
 

   9 
 

10 
 

   8 
 

 
* Value per head 
 
Source: Gonzaga, et. Al. 1982. 
 

Age 
(years) 

Potential 
Hours/day 

Actual 
Hours/day 

Actual as % 
of potential 

Male Female Male Female Male Female 

 
3-6 

 
9 

 
8 

 
6 

 
4 

 
66.6 

 
50.5 

 7-12 11 11 8 7 72.7 63.6 
13-20 

 
10 
 

10 
 

7 
 

6 
 

70.0 
 

60.0 
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Table 7. Time spent caring for draft water buffalo on Solana farms, 
Tuguegarao, Philippines, 1982. 

 

Source Hours/year/farma Hours/day/animalb % Total 
 
Farmer 

 
1199 

 
1.54 

 
 35 

Wife   39 0.05   1 
Son  645 0.83  19 
Daughter  448 0.57  13 
Other 
 

1079 
 

1.38 
 

 32 
 

Total 3410 4.37 100 
 

a Eleven farmers kept daily records of livestock operations, supervised 
by IRRI Cropping Systems researchers. 

 
b Sample farmers owned 26 draft water buffalo in January 1, 1982, 

declining to 21 by January 1, 1983. Four animals were sold and one 
died, for an average weekly inventory of 2.14 working carabao per 
farm. 
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Table 8. Source of feed, % total intake per month by source,  
Solana, Cagayan, 1981 

 
 Mountain 

forage 
Cropland 
forage 

Cut 
grass 

 
January 

 
 0 

 
 85 

 
15 

February  0  99  1 
March  0  99  1 
April  0  96  4 
May  0  98  2 
June  0  90 10 
July  0  95  5 
August  0  98  2 
September  0 100  0 
October 58  40  2 
November 87  5  8 
December 
 

78 
 

 6 
 

16 
 

Year 24  70  6 
 
 
Table 9. Percent of nitrogen content of rice tops by weeks after   
  transplanting after incorporating preceding crop residues.  
  Suphanburi Experiment Station, Thailand, Wet Season, 1977. 
 
Cropping 
pattern 

% nitrogen content in rice tops by week after transplanting 
1 3 5 10 

 
R 

 
3.2 

 
3.3 

 
1.8 

 
1.0 

S-R 2.8 2.7 1.8 1.1 
Mg-R 3.1 3.2 1.7 1.1 
Mz-R 2.6 2.6 1.9 1.1 

Mg-S-R 3.2 3.3 1.9 1.2 
P-S-R 3.5 3.3 2.3 1.2 
Mz-S-R 

 
3.2 
 

3.2 
 

2.0 
 

1.2 
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Figure 1. Farmers' traditional and IRRI experimental cropping patterns for 
1981-82 graphed against 25-year average monthly rainfall for 
Solana, Cagayan. (Source: Adopted from Gines and Morris, 1981). 

 

 
 
* Mungbean and cowpea are occasionally substituted for or intercropped 

with corn.  
** Number refers to IRRI classification of talon areas. 
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Figure 2. Five-week moving average wage in Solana. Cagayan. 1980-81.
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Figure 3. Schematic presentation of small-family farm household system  
  with 4 production-consumption systems. 
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LINKING ANIMALS TO HOUSEHOLD AND CROPPING SYSTEMS  
 
 

Joseph C. Madamba  
 
 

At the present time, Asian agriculture is faced with three major 
basic problems: (i) of population growth; (ii) diminishing farm lands; and 
(iii) low farm productivity. These problems are inter-related: as 
population multiplies and urbanization forces its way into the 
countryside, the per capita farm land decreases. At the same time, the 
increasing population is resulting in fragmentation of farm lands into 
smaller units which is, in general, considered to be an unhealthy 
situation adversely affecting farm productivity.  
 

In many developing countries of Asia, the size of an average farm 
holding is tending to get smaller and smaller. In several parts of 
Southeast Asia, the average farm is about 0.5 hectare. There is, however, 
ample evidence to suggest that high yielding technology is size neutral 
and that the small farm can also facilitate intensive agriculture.  
 

The farmer with irrigation, while susceptible to farm size decrease 
and fragmentation like the rainfed farmer, is in a more favorable position 
to adopt new improved technologies. However, although such improved 
technologies tend to be "high-investment high-return" situations, they 
essentially assist the irrigated farmer in compensating for his loss of 
land or fragmentation by increasing farm productivity per unit area by 
crop intensification and/or diversification. In contrast, the effect of 
low farm productivity is more pronounced on the rainfed upland crop farms, 
especially on the small landholder. He faces many problems in the adoption 
of new, improved technologies, arising from the loss, risk and low return 
structure of his farming. In particular, the farmer in the marginally 
cultivated areas is unable to take the investment risks of inputs and/or 
land development. He is also subjected to various forms of exploitations 
at the marketing end of farm operations.  
 

 
THE ROLE OF LIVESTOCK IN ASIAN FARMING SYSTEMS  

A number of definitions have been attempted of what constitutes a 
farming system. Perhaps the definition wherein there seems to have been a 
general consensus is that suggested by the Technical Advisory Committee 
(TAC) of the Consultative Group on International Agricultural Research 
(CGIAR): "A farming system is not simply a collection of crops and animals 
to which one can apply this input or that and expect  
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immediate results. Rather, it is a complicated interwoven mesh of soils, 
plants, animals, implements, workers, other inputs, and environmental 
influences, with the strands held and manipulated by a person called the 
farmer who, given his aspiration and preferences, attempts to produce 
output from the inputs and technology available to him. It is the farmer's 
unique understanding of his immediate environment, both natural and socio-
economic, that results in his farming system". In other words, the farming 
system includes the whole farm and its activities.  
 

The recognition fairly recently by the scientific community that 
there is merit, after all, in multi-commodity farming--long a practice 
among small farmers the world over, most particularly those in the 
congested countrysides of rural Asia who have had to make the most out of 
a small landholding and a rather large supply of family labor--has led to 
the re-emergence of the integrated small farm system as an attractive 
concept on which to base rural development. In the rural setting, where 
landholdings are small, families are large, and farming practices are 
considered not quite modern, it has been generally assumed that the farm 
family can produce from the farm enough food only for its needs with 
barely any surplus to provide food for non-farming members in his 
community and to earn cash income.  
 

In rural Asia, livestock is traditionally considered an integral 
part of most farming systems. For centuries, the small farmers have 
sustained themselves by practicing various kinds of crop diversification 
and integrated farming systems. Aside from crop production, most small 
farmers have such livestock as a few head of cattle or water buffalo, one 
or two pigs, and a small flock of ducks or chickens. Where there is 
adequate water supply, a small fish pond is maintained.  
 

However, in almost all developing countries in Asia, there is a 
general realization that the animal feed supply is grossly inadequate to 
support current livestock numbers, that serious disease problems exist, 
that livestock support services are poor, and that livestock productivity 
is low. This situation is a serious constraint to improving farm output 
under almost all farming systems practiced in developing Asian countries, 
particularly those with high human population density. Since livestock are 
well integrated into Asian farming systems, livestock health and 
performance have a direct effect on the nutrition, income, and welfare of 
most farmers, particularly the small farmer. Very often, the growing of 
pasture and fodder crops is severely limited by human demand for food.  
 

Considering the current situation in Asian agriculture and its 
attendant constraints in most developing countries of Asia, where human 
population density is among the highest in the world, floods and other 
natural disasters are common occurrences, literacy level is low, and rural 
poverty is pervasive, a number of opportunities emerge for the livestock 
sector to provide a meaningful contribution to the development goals of 
rural Asia. These are:  
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1) providing farm power for draft purposes;  
 
2) generating additional employment opportunities for landless 

laborers as well as rural women;  
 
3) producing high-value protein food without having to sacrifice 

land used for food crop production;  
 
4) maximizing the use of the total available resources on the farm;  
 
5) the production of meat, milk, or eggs either for sale or for home 

consumption; and  
 
6) the production of livestock by-products such as hides, feathers, 

bones, etc.  
 

In the Philippines, in terms of livestock supply, the country's 
latest inventory shows that backyard farms contributed eight out of every 
ten head of the livestock and poultry population in the country (Colanta, 
et al 1983). As in most of rural Asia, Philippine agriculture is 
characterized by the predominance of small-scale farmers with average 
landholdings 3.6 hectares (more than 50% of Asian farmers have less than 
one hectare, 90% have less than five). Some 500,000 Filipino farm families 
are in fisheries and livestock production, Needless to say, the bottom 
figure for the livestock industry was, in 1979-1981, an average negative 
trade balance of 2.5 million US dollars per year, due largely to sizable 
importations of dairy products and feedstuffs.  
 

Elsewhere in Asia, the situation appears to be not much different: 
subsistence and marginal farms predominate and the only substantial 
available inputs are labor, solar energy, and, in varying degrees, water. 
However: in most small farms: the quantity of by-products and waste 
materials turned out from the operations normally exceeds the quantity of 
the food or farm commodity being produced. A study of cropping systems in 
the Philippines showed that the amount of by-products can be as high as, 
or higher than the marketable produce which, according to the researcher 
(Carandang, 1980), could go to waste "if not utilized in an animal 
enterprise." This--wastes and by-products--is one valuable farm resource 
that has largely been underutilized in small Asian farms.  
 

A scan of several small Asian farming communities tends to 
strengthen the assumption that, while farmers have long been practicing 
multi-commodity farming, they have been doing so largely with little 
systematic effort. Thus, while they have survived, productivity has 
remained low and levels of farm output have generally remained only a 
little over that of subsistence.  
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SOME PREVIOUS FINDINGS AND RECOMMENDATIONS  

A multi-commodity farming system presents more advantages to farmers 
than a mono-cropping system. However, the commodity mix must fit into the 
particular farmer's capability, resources, and needs as well as the 
social, economic and environmental forces around him.  
 

An expert group meeting convened by FAO in Bangkok in June 1976 
discussed several case studies in crop-livestock integration at the small 
farm level.  
 

Some of their findings include the following:  
 

1. A need to reorient programs and policies biased towards the small 
farmers.  
 
2. Failures in development traced to inappropriate policy -- for 
instance, pursuance of monoculture or single activity approach; 
inappropriate borrowed technology to suit large scale or commercial 
production without any consideration for local potentials; 
inadequate knowledge for exploiting local resources among the 
technicians and neglect of indigenous knowledge and inputs; adaption 
of technology that would create almost permanent dependency on 
industrialized countries; institutional deficiencies especially land 
institutions; and lack of suitable support service and failure to 
understand human resources as a major form of capital available in 
agriculture.  
 
3. Crop-livestock integration is the most effective and possible way 
to help the small farmer who has a small landbase but surplus labor.  
 
4. The wide differences in the region's agro-climatic situations, as 
well as differences within the countries themselves, would require 
the formulation of different sets of activities to suit these 
various conditions i.e., heavy rainfall areas, dry areas, hill 
areas, lowlands, uplands, and tree-crop plantations.  
 
5. It was also pointed out that there are several animals and fowls 
that have not received due attention.  
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The same group of experts recommended the following which we may 
find relevant to our problem:  
 

Firstly, there must be fuller utilization of local crop by-
products as it is one of the most promising means by which water 
buffalo and goat production can be produced economically with a 
limited landbase. It was, however, recognized that constraints, such 
as lack of suitable technology and lack of the required mechanism 
for supporting services will have to be overcome before these 
programs can be successfully implemented. The experts noted that 
labor intensive production systems should be emphasized considering 
the available surplus labor in the family farming system.  
 

Secondly, a cropping pattern and livestock integration plan 
should be worked out in consultation with the farmer who has to 
implement the plan.  
 

Thirdly, in working out an integration system, attention must 
be given to the total farm resource (i.e. feed and fodder in the 
case of livestock integration into a cropping system) of the farmer; 
we should consider the farm by-products, their collection, treatment 
and conservation; and  
 

Fourthly, they suggested that national institutions look 
further into small farmers' problems and develop suitable technology 
applicable to the small farmer and farm laborer family production 
system.  

 
There is general agreement that the most appropriate strategy for 

optimizing the impact of livestock in the development of Asian agriculture 
is to utilize most efficiently the basic natural resources of solar 
energy, atmospheric nitrogen, rainfall, and the latent skills developed by 
the farming population over the years, in order to increase food 
production per unit of time and per unit of area, taking advantage of all 
available resources and avoiding waste through a system of recycling.  
 

A workable pattern of integrated small-scale farming is probably 
best exemplified by the well-known Chinese small-scale farming system. The 
small farm raises pigs and/or ducks, in addition to crops, rotated in 
accordance with the seasonal climatic cycle. The animals, particularly 
ducks and pigs, are sources of animal protein, in addition to the fish. 
Pigs are fed with aquatic plants combined with kitchen leftovers, and 
animal manure serves as fertilizer for the crops, vegetables and fish 
ponds. This is a system where practically nothing is wasted. An ecological 
balance is maintained and a sufficient variety of products are obtained to 
meet the farm family's needs in terms of foods and cash income. This 
practice and a variety of other integrated  
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farming systems continue to be used in many Asian countries: each system 
developed mainly through long years of experience of individual farmers.  
 

 
THE SMALL-SCALE INTEGRATED FAMILY FARM SYSTEM MODEL  

Recently, in Bangladesh, testing at the field level of a small-scale 
"integrated family farm" has been initiated by the Bangladesh Agricultural 
Research Council (BARC) working in close collaboration with the Danish 
International Development Agency (DANIDA). The analysis of the farm models 
indicates that an integrated family farm in a high population density 
country like Bangladesh involving a total farm area of 0.7 hectares, 
besides feeding the family (estimated at 6 persons), will also provide a 
food surplus sufficient for 20 more people. However, the integrated 
farming system is reported to be also functional on an area of 0.25 
hectare, providing residues for feeding of one cow, food for the family 
with six members, and food surplus for another 3 people.  
 

In this scheme, the estimated potential is reached by introduction 
of multi-purpose crops, multi-purpose animals, multi-purpose ponds, and a 
digester unit. Although the production potential may vary perhaps by some 
30 percent, the flexibility in the integrated family farm system is a 
guarantee that productivity will be maintained at a high level.  
 

The initiation of the integrated system may require small amounts of 
fertilizer during the first 1 – 2 years, principally urea nitrogen and 
phosphorus. Later, the production system would be closed, using only solar 
energy (utilized by continuous cropping), atmospheric nitrogen (through 
nitrogen-fixing legumes, water plants, or blue-green algae) and the 
rainfall (by extending the pond area for irrigation).  
 

Food production is increased mainly by a prolonged cropping system, 
but the recycling of harvested crop residues through cattle, fish and a 
digester also plays an important role in generating energy through draft 
power and biogas, as well as saving on costs of expensive chemical 
fertilizer.  
 

The land utilization pattern in the integrated family farm involves: 
5,000 sq. m. for crops; 400 sq.m. for vegetables; 300 sq.m. for a fish 
pond; 900 sq.m. for water storage; 60 sq.m. for livestock sheds; and 95 
sq.m. allotted for the farmyard; all totaling some 7000 sq.m. or 0.7 
hectare.  
 

 
Livestock sub-unit of integrated family farm  

The annual draft power requirement of the proposed cropping sequence 
is estimated at 60 days for land preparation. This is not sufficient to 
justify the keeping of specialist work bullocks on a permanent basis. 
Multi-purpose cows are believed to be more appropriate  
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and these are proposed for this family farm. Because the cows would be 
providing draft power (40 days per year), it is estimated that they will 
calve only once every second year. Thus, each year one calf is born and 
one cow will be lactating (part of the year only). Therefore, in addition 
to the two cows, there will be one calf and one growing animal (1-2 
years).  
 

The remaining livestock would be a flock of 10 hens and 1 cock of 
native local chickens. These will be fed partly by scavenging in the farm 
yard and crop area. A small flock of seven ducks will also be kept.  
 

The principal feed of the cattle would be harvested crop residues, 
which are expected to contribute annually some 5,850 kg dry matter 
containing 44 kg nitrogen. This will be supplementarily balanced by the 
forage from ipil-ipil (lucaena) leaves from the hedge and the Azolla from 
the ponds.  
 

 
Projected annual farm output  

The integrated family farm involving 0.7 hectare is expected to 
bring about an annual output of crop products, livestock products, fish 
products, and energy products for fuel a well as draft power. Crop 
production is projected to include: 2,500 kg. of rice; 600 kg. of wheat; 
250 kg. of field beans; 200 kg. of peanut; 2,500 kg. of potato; and 350 
kg. of corn. Livestock products include: 200 kg. of milk; 75 kg. of beef; 
132 kg. of chicken meat; 8 kg. of hen eggs; 102 kg. of duckling meat; 22 
kg. of duck eggs; 15 kg. of adult hens; and 12 kg. of adult ducks. The 
fish pond is expected to produce some 300 kg. of fish. Energy production 
includes 40 days of draft power; 1.5 cu.m. of biogas energy; 5.4 cu.m. of 
liquid fertilizer; and ipil-ipil wood for fuel.  
 

 
Need for focus on farmers' community development  

It is generally accepted that the three criteria for an innovative 
project to be successful are: a) it must generate economic effects 
sufficient to justify its adoption in terms of the conventional appraisal 
calculus; b) it must create social and distributive effects consistent 
with the rural development strategy; and c) it must promise a continuing 
development effect which sustains change in a desired direction throughout 
the rural system.  
 

Three requirements have been identified to meet these criteria for 
success. First, a technological package suited to the particular 
development purpose; second, rural systems conducive to the reception and 
adoption of this technological package; and third, management of the 
ensuing change process on a continuing basis. It is assumed that the 
generation and adoption of new farming technology cannot be left  
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entirely to chance and must therefore be fostered by concerted policies 
and investment activities on the part of national government and 
development agencies.  
 

We are reminded that the first requirement for successful innovation 
is the availability of a package of technical components that is complete, 
reliable and properly designed for the condition within which it is to be 
applied. Second, the package of technology must be consistent with the 
human attributes, attitudes and abilities in the region; since farming is 
not solely a technical system but is one in which social attitudes have a 
pervasive influence. A third requirement is to include an information 
component in a development project. This is based on the fact that 
innovation represents the introduction of novel inputs and methods into 
the farming systems; therefore, a project may be ineffective or even 
dangerous in the absence of appropriate knowledge, or even in an 
incomplete form. Finally, it is deemed essential that newly introduced 
technology must have a high probability of technical success at its first 
trial, and must be perceived to offer reliability. This is certainly 
necessary to protect the welfare of the innovating farmer and to serve as 
an effective demonstration to encourage adoption and continued use.  
 

Development revolves around people. While technology and a favorable 
social and physical environment are needed to accelerate progress, the 
fact remains that it is people who develop themselves. This is not to say 
that the people should be left on their own, since one should enhance the 
environment for development, provide the opportunity for change, introduce 
the motivation to improve, and generate the will to move up from poverty. 
In brief, the general approach should be the mobilization of the human and 
natural resources found in a given geographical area in order to enable 
the farmers to produce more, obtain a higher farm income, and, in the end, 
develop self-reliance. Thus, it becomes quite evident that development 
work must deal not only with the individual farmer, or a cluster of 
farmers, but with the entire farming community in a given locality. The 
entire farming community is looked at as a system of which the individual 
farmer is a part. Within this system are the various interlinks among 
people and among factors of production, and the numerous interactions 
between people, resources and opportunities. Consequently, this 
development system aims at optimizing the available resources in a given 
farmers' community setting by identifying and undertaking the best 
suitable farming system and enterprise mix. Then, it looks at this farming 
community as yet only a part of a greater system -- the bigger society 
from which other resources, other controls, other opportunities, and other 
influences emanate to affect the behavior and performance of the 
community. Essentially, all these internal and external factors combine to 
shape the development of a given farmers' community.  
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RESOURCE MANAGEMENT CONCEPT  

It is important that a technology that should finally be promoted 
for adoption must itself be evolved from the farms with the participation 
of the farmers themselves. This would take care of the requirements of 
location -- and situation -- specificity: to be shaped by the existing 
socioeconomic conditions and farmer's attitudes and to be simple and 
tailored to fit the management environment and resources of the farmers. A 
mechanism is, therefore, necessary to institutionalize and coordinate 
within the national system of the evolution and transfer of appropriate 
integrated farming systems for different rural situations. This calls for 
a concept and a machinery to integrate the technology with the general 
scheme and mainstream of area development activities now going on in 
various countries.  
 

An integrated farming system should be looked at in terms of an 
industry model. Designed as an industry development support scheme, the 
model consists of three components, namely: the production support 
Component, production component, and marketing component. The production 
support and the marketing subsystems are the macro-components while the 
production subsystem--which in the model consists of the various 
individual integrated farming system enterprises--is considered and 
treated as the micro-component. The macro-components consider the process 
by which production may be increased effectively and more profitably.  
 

Production support includes the delivery and provision of production 
inputs like stock or seed, feeds, fertilizers, credit, the technology as 
well as component and relevant information about it, and the industry 
infrastructure. The production units are essentially composed of the 
farmers themselves who would have to be organized into associations or 
cooperatives. The third subsystem includes the post-harvest handling and 
treatment, marketing, processing, storage and distribution of the outputs. 
This would enable the producers to take optimum advantage of market 
opportunities.  
 

While the scheme could be worked out at the village level, it can 
very well be translated and operationalized into a wider area development 
project. It would need an integrated approach to the development of the 
multi-commodity-based farming system. Such integration will be worked out 
by the various institutions that provide the different support services as 
identified in the model's two macro-component systems, i.e., extension, 
research and development, markets, farm input suppliers, banks and lending 
institutions, etc.  
 

A mechanism to link the production units (the farmers) back to the 
production support system and forward to the marketing system would have 
to be forged Tor an integrated area approach to integrated farming systems 
development. The nature and function of such linking and integrative 
mechanisms must consider the proposition that the multi-commodity farming 
system is a single unified farming enterprise composed of different 
complementary commodities.  
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While it sounds easy to put into conceptual form, the possibility 
arises for integration to be doubly complicated by the competition among 
the commodity components for resources, both within a single enterprise 
and, more specifically, among multi-commodity-producing farmers in a given 
area. This problem will have to be partially resolved by thorough economic 
and agribusiness-viability studies on the comparative profitability of the 
different commodities that compose the farming systems and by a rigid 
testing of the technology component of the entire technology package. This 
would necessarily involve the setting up of technology verification and 
packaging programs as an integral part of the development of the multi-
commodity farming technology. Results of verification studies can be 
packaged and refined further for subsequent recommendations to farmers in 
the area whose situations, conditions, and socioeconomic patterns are 
similar to those in the area where the tests had been conducted.  
 

Going back to the expert group meeting in Bangkok in June 1976, the 
following recommendations were made for specific activities and support 
services:  
 
 

1. Simple and low-cost management practices should be developed and 
promoted considering that small farmers and agricultural laborers 
find new technologies and management practices alien to their needs 
and understanding. 
 
2. In training, there is a need to make training programs practical 
and aimed at real problem-solving for village level workers. The 
trainees must be exposed thoroughly to local problems and prospects 
of small farm products. Training programs should be conducted in the 
village and in farmers' household areas. Further, the training for 
small farmers to prepare them to receive new technology and 
management skills should be enhanced. Government agencies and 
officials as well as the extension staff must be reoriented towards 
the new approach of providing services to small farmers in an 
integrated, instead of piece-meal manner.  
 
3. As to the support services, the recommendation was to provide 
credit, marketing and extension through group organizations. This 
recognizes the well-known fact that, individually, small farmers 
have weak bargaining power. One recommendation is to have special 
credit programs earmarked exclusively for the small farmers. On top 
of this, appropriate price policy measures for the farm products 
should be adopted to encourage production at the small farm level.  
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INTEGRATED FARMING AS A BUSINESS  

Dr. Mosher has drawn a simple but appropriate model to help us take 
a closer look at an integrated farming system as a business. The farm 
business, says Mosher, is really a combination of farm enterprises which: 
1) support each other, 2) distribute labor requirements, and 3) jointly 
determine farm income.  
 

He reminds us that the farmer cannot simply select individual 
enterprises for his farm business without considering them in relation to 
one another. These enterprises are full of "joint products" and "joint 
costs" (i.e., manure from livestock may be used to fertilize cropland; a 
cereal also produces straw for feeding livestock; etc.), which would then 
preclude the separation, both in the accounting and research and 
development sense, of the enterprises that compose the farm business. Each 
farmer would try to work out the best combination of commodities for his 
own farm business, considering the land, labor and other resources 
available to him.  
 

The farmer's choice of the enterprise is what really complicates the 
integrated farm business. His choice is generally influenced by how he 
thinks of the costs and returns -- whether in terms of the cash value of 
the harvest or in relation to his position and responsibility in the 
community.  
 

On the other hand, Mosher points out that if the farm family 
consumes most of the products of its own farm, its need for the food in 
its customary diet and for other products of the farm will be the major 
factor in its choice of farm enterprises. And, to the extent that products 
are grown for sale, the choice of enterprises will be influenced by the 
accessibility of markets for different products and by their relative 
market prices.  
 

In other words, the farm product mix may not only be influenced by 
purely economic forces but also by sociological factors. It is thus 
necessary to find out what commodity mix fits into the particular farmer's 
capability, resources, and needs as well as the social, economic and 
environmental forces around him.  
 

 
FARMERS' ORGANIZATION  

Technology packages introduced into a development program stand a 
greater chance of acceptance and establishment if the community were to be 
involved in the development of the package and the design and 
implementation of the program.  
 

Results of sociological studies conducted in developing countries 
have almost always brought to the fore one glaring fact: that the people 
were generally "talked to and rarely listened to." This notwithstanding 
the fact that in the complex field of rural development,  
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the guiding principle should be: "Start with what they (the people) know 
and build on what they have."  
 

In the decision-making process, particularly in the planning of a 
project intended to improve the lives of rural people, the intended 
beneficiaries' participation is indispensable. But the sad thing is that 
government policymakers and development planners still nurture some 
apprehensions on the practicability of involving the people in charting 
programs intended for them.  
 

Of course, their apprehension has basis. For instance, as a Filipino 
sociologist and communication researcher (Mercado, 1983) has noted, the 
participatory planning approach makes planning difficult to manage 
considering that the participants are multi-sectoral. As such, the 
exercise deals with a heterogeneous group whose members have varied 
perceptions, skills and interests, which makes management of participatory 
planning usually extremely difficult. 
 

Another issue raised against this process is that it is time, money 
and effort consuming. With so many individuals of varied and sometimes 
conflicting interests involved in the participatory planning process, more 
time, money and effort are spent in charting a program than in the 
traditional "planning-from-the-top" process.  
 

But experience of development organizations and institutions has 
shown that it pays to involve the people in planning activities intended 
for them. Among these, as listed by Mercado, are the following:  
 

1. It is an educational process. This means that the participants -- 
which include rural people and field workers -- learn more about the 
project than in the traditional planning process.  
 
2. It increases acceptance of the project by the people themselves 
since they were involved in its design.  
 
3. It generates more pragmatic solutions to the problems since the 
process takes into consideration the capabilities of the target 
clientele themselves.  
 
4. It hastens the implementation of the project.  
 
5. It reduces social cost.  

 
The Comilla District (Bangladesh) experience on an integrated rural 

development program has also shown that a strong local authority can 
elicit better participation than officials who represent and are 
responsible to a remote authority.  
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Generally, a strong farmers' association would enhance, first of 
all, their bargaining position and, of equal importance, would enable the 
farmers to take advantage of the market opportunities. As pointed out in a 
study (Librero 1978) of the Philippines' aquaculture industry, the small 
farmers are mostly the victims of the vagaries of the market because they 
lack withholding power, which means the ability of producers to retain 
productivity in the market when prices are unfavorable.  
 

Another reason for farmers' organization is to have central point of 
contact for the provision of services (such as credit) whereby the 
organization will have a collecting responsibility for the proper 
utilization and repayment of loans. Information delivery and training 
schemes would likewise be enhanced if they involve an organized group with 
common problems, interests, and needs. The final reason is that these 
organizations provide the management inputs for the production units in an 
integrated industry development scheme.  
 

In recapitulation, the need to utilize more efficiently 'available 
farm resources has led to the increased attention towards farming systems 
that integrate more than one commodity. The multi-commodity farming system 
is the latest thrust among the integrated farming concepts and holds a 
great deal of promise for small farmers in Asia.  
 

For successful implementation of this practice in the rural Asian 
setting, the following requirements are needed, aside from having a good 
and proven technological package:  
 

1. The technology for this farming system must be verified at the 
farm level in specific locations and situations under various 
agroclimatic zones.  
 
2. While the technology package must be tailored to the farmers, the 
situations and conditions at the farmer's level may have to be also 
modified where appropriate to enhance the reception and application 
of the technology.  
 
3. Integrated multi-commodity farms could best operate if these are 
placed into the mainstream of area development. To do this 
effectively would need an approach designed to bring the small 
farming units into a scheme in which they are an integral part of 
the agricultural industry of an area. In such a way, efforts are 
organized and coordinated among the various institutions to provide 
the needed support services for production and marketing.  
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4. Finally to provide a strong base for the application of the 
integrated farming system technology, farmers must be organized into 
strong production units and be provided, through effective training 
and extension programs, with a capability to fully utilize the 
technology as well as manage the program.  

 
In the Asian rural scene, farm animals hold much promise for an 

improved and more systematic crop-livestock integration. Chickens, goats, 
cattle, buffaloes, hogs (in non-Muslim families) and ducks are common 
household animals being raised on farm and household by-products, with 
varying degrees of scientific care, to provide the extra source of income, 
or, during festivals and special occasions, to be readily cooked and 
served to kinfolks and guests without having to spend or borrow money.  
 

The farm families have learned to integrate them not only in their 
farming system but also in their lifestyle. Finally, however, a socio-
economic issues has surfaced in the light of recent attempts to bring 
“more system and science” into their present farming ways.  
 

As the subsistence family is helped along into the mainstream of the 
business of agriculture, it can also become more sensitive to the market 
forces. While, at their present level of farming, the farm family may not 
be contributing much to the national product, at least it is relatively 
stable: it produces, from its traditional standpoint, enough to feed 
itself, the farm family provides the labor, and all seems well in their 
small farm world.  
 

The question is, “will technology and policy protect the farm family 
from economic forces that might turn out to be socially disruptive to them 
should they begin to operate with a lot of new-found dependence on their 
farm unit?”  
 

The merits and disadvantages, at this point, may still be debatable. 
The point remains, however, that the productivity of the Asian farm family 
needs to be improved and there are avenues open for doing so.  
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AN OVERVIEW OF ILCA'S ANIMAL TRACTION  
RESEARCH IN ETHIOPIA  

 
 

Frank M. Anderson  
 
 

 
INTRODUCTION  

The Ethiopian livestock population is the largest in sub-Saharan 
Africa and has been estimated to include some 26 million cattle, 24 
million sheep, 12 million goats, 7 million equines (mainly donkeys) and 1 
million camels. The majority of cattle, sheep and equines are in highland 
areas and kept by smallholder farmers. The highland cattle population 
includes approximately 6 million draught oxen. The use of animal power in 
the support of agricultural production is an ancient practice in Ethiopia.  
 

In addition to providing draught power for cultivation and 
threshing, cattle provide manure for household fuel; they are an important 
investment for farmers, as their value can be realized by sale in times of 
need; the cows are milked adding to household nutrition and cash incomes 
when milk and milk products are sold; and hides are used for a range of 
purposes. Donkeys and horses but not cattle are used to transport goods to 
and from farm areas. However, of all these roles, the use of cattle as 
draught animals is overwhelmingly the most important.  
 

Ethiopia's rural population is expanding rapidly, yet the majority 
of smallholder farmers produce only a small and irregular margin over and 
above their families' subsistence needs. Arable land is in short supply 
and farmers are being obliged to cultivate progressively less productive 
land, thereby contributing to already serious erosion and deforestation 
problems which in turn are reducing the aggregate capacity of the country 
to feed its people.  
 

Because of these pressures on land resources, a conflict between 
crop and livestock production is emerging. Thus efficiency gains must be 
achieved in livestock production if livestock are to continue to 
contribute to overall farm production in the longer term. This situation 
is not unique to Ethiopia - elsewhere in sub-Saharan Africa conflicts 
between crop and livestock production are evident.  
 

It is in this context of the need to support increasing human 
populations on diminished per capita land resources, combined with the 
hypothesis that livestock can continue to play important roles in such 
situations, that ILCA has committed research resources to studies on 
various aspects the use of draught animals.  
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These Studies are summarized in Section 2. Some of the research 
addresses the need for efficiency gains in current practices, i.e. in 
improving upon the conventional uses of draught animals in the farming 
systems. Other topics are, to an extent, unconventional and are intended 
to provide the basis for an expanded contribution of the application of 
draught power to support and increase agricultural production.  
 

 
EXAMPLES OF ILCA'S ANIMAL TRACTION RESEARCH IN ETHIOPIA  

ILCA's animal traction research is undertaken at two sites in rural 
Ethiopia. Some details on the traditional farming systems in these 
locations are available in Gryseels (1983). At both places ILCA has 
developed research station facilities where controlled animal feeding and 
working conditions are possible. Work on each station is matched by 
studies in the traditional farming system around the station to provide 
information to guide the selection of study topics and to provide the 
means of calibrating the results of the component research done 'on-
station' against the real world analogue. The farming systems approach to 
research is employed and, as soon as practicable, technologies proved to 
be beneficial in the station-based research are tested by farmers at their 
own risk and expense. Brief notes on four major study topics are given 
below.  
 

 
Implement Testing  

In common with many other groups undertaking draught power research, 
it proved useful to import and test a range of implements to evaluate 
their suitability for use with indigenous oxen on a range of different 
soil types. Implements tested have included ploughs, harrows, ridgers, 
etc., and the multipurpose toolbar developed at ICRISAT. The last is 
potentially important for the vertisols of Ethiopia, as these soils are 
difficult to cultivate using the indigenous implement known as the 
maresha. The maresha

 

 is an 'ard' of ancient origin similar to the one used 
in the fertile crescent of the Middle East. Various reports are available 
on the tests with these implements. The first test with the multipurpose 
toolbar is now in progress. At the field days which ILCA has held 
regularly at both Debre Zeit and Debre Berhan, farmers have shown most 
interest in the zig-zar harrows. The Ethiopian government agency concerned 
with the manufacture of small scale farm equipment is now tooled up for 
large scale production of harrows of the design tested by ILCA. This 
implement is especially valuable for weed control pre-planting and seed 
covering.  

 
Draught Power From Crossbred Cattle  

At present Ethiopia has only a small crossbred cow population. 
However, the Government is promoting the production and distribution of 
larger numbers of these animals as a means of increasing milk production  
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in the country. The crossbred cattle are substantially larger than those 
of indigenous breeds. As a consequence it was relevant to appraise the 
comparative performance of local and crossbred oxen for a range of tasks 
on different soil types. An important aspect of this work is the 
differential feed requirements for the two basic types of oxen. The larger 
feed requirements of the crossbred oxen must be matched by greater work 
efficiency if they are to have any role in the traditional farming systems 
where animal feed resources are limited and of low quality for up to seven 
months each year in the dry season.  
 

Detailed nutrition studies on individual animals are now in progress 
to elaborate differences between these two breed types as regards work 
performance at various levels of nutrition. Oxen are kept on restricted 
'diets for extended periods, their work performances are recorded, and 
they are then realimented. The results of this particular study will have 
broad application in all those situations where animals are worked under 
conditions of nutritional stress.  
 

Farmers with access to a fluid milk market can profitably keep 
crossbred cows if they have access to sufficient high quality feed-stuffs. 
However, if they continue to use oxen for cultivation, oxen and other 
indigenous cattle will compete directly with the crossbred cows for 
limited feed resources. In the longer term this may not prove to be 
practicable, and other ways of providing draught power will need to be 
sought. For this reason, a trial was started in 1981 in which crossbred 
cows are being tested for their ability to work as well as produce milk. 
The majority of the 32 cows in this trial (16 not working, 16 working) 
have begun their third lactation and preliminary results indicate that 
cows can be worked for up to five hours per day without impairing milk 
production or reproductive efficiency, if they are fed an allowance for 
the work performed. The trial is due to end in 1984. Some farmers in Debre 
Zeit who have observed this trial have begun using their own cows for 
draught work and have sold their indigenous oxen. This development is 
being closely monitored. Land pressures are already high in Debre Zeit, 
and farmers there have ready access to a fluid milk market which lends 
support to the hypothesis that this particular technology will have a 
practical role in such settings both in Ethiopia and elsewhere in Africa.  
 

 
Modified Plough Drawn By A Single Ox  

Gryseels (1983) reports separately on ILCA's research with a 
modified maresha which can be drawn by a single indigenous ox. The first 
on-farm tests of this variant of the traditional technology are in 
progress and results will be available in early 1984. The technology is 
relevant now to some 50% of Ethiopian smallholders who do not own at least 
a pair of oxen. Farmers with either one ox or no oxen are obliged to enter 
agreements with other farmers to share or rent animal power. This leads to 
substantial differences both in area cultivated and crops sown between 
those farmers having a pair of oxen and with those farmers with less. 
Those farmers with less power thus have much lower average incomes than 
those with a pair of oxen at their disposal.  
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Progressively less land will be available in the future to keep oxen 
and their attendant stock. Also average farm sizes will diminish. As a 
result farmers will not be able to maintain a pair of oxen. Indeed, any 
significant reduction in farm size below current levels will mean that the 
power of a pair will be in excess of minimum requirements for cultivation. 
The single ox technology is well suited to this probable future situation.  
 

 
Pond Excavation  

The above examples illustrate ways in which conventional 
applications of draught power can be studied and improved upon to the 
benefit of traditional farmers. However, all these applications have no 
appreciable effect on extending the time each year that animals are 
worked. Thus they do not overcome the main problem with draught animals, 
namely that they must be fed for 365 days each year while they are usually 
worked only for some 50-70 days per year. If useful work can be performed 
by oxen on the remaining days of the year, then the contribution of these 
animals to farm production will be enhanced.  
 

Rural water supplies are inadequate for many months each year in 
Ethiopia and in most of sub-Saharan Africa. The human drudgery required to 
carry water long distances and the livestock productivity losses 
associated with limited water supplies are easily observable throughout 
the continent. ILCA has addressed this problem by an application of a 
technology well known in Europe, North America and Australia, and widely 
used as recently as 30 years ago - the use of animal power to draw metal 
scoops to excavate ponds.  
 

In 1983 ILCA has excavated a pond of over 7000m3 using only oxen 
power for draught. This is the first time such an excavation has been made 
in Ethiopia. The work has attracted considerable attention, and the 
Ethiopian Government is considering supporting a pilot project to evaluate 
the technology at the farm level. The soils in many areas of Ethiopia are 
well suited to water harvesting in this way. Furthermore the ponds can be 
stocked with fish to provide sorely needed protein for the subsistence 
farming population. The implications of this technology for improved human 
welfare and livestock production are enormous. This development may prove 
to be a crucial building block for greater awareness of the practical 
opportunities available to farmers to practice both water and soil 
conservation - both of which will have to be achieved if these farming 
systems are to survive in the coming years. By fostering the idea that 
water harvesting is possible, this scoop technology lays the foundation 
for constructing dams for small-scale irrigation using draught animals - a 
technology which is within the resource capacities of Ethiopian 
smallholders and one which would enable the limited land resources to feed 
the nation.  
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SUMMARY  

It is argued in this paper that in the future crop and livestock 
production will be competing increasingly for access to limited land 
resources in sub-Saharan Africa. Livestock contribute directly and 
indirectly to farm output in a number of ways. The contribution of animal 
draught power is especially important in those farming systems where 
animals are now used for this purpose. Indeed it can be envisaged that the 
use of draught cattle as a source of power for agriculture will be 
extended into farming systems where this practice is not now used. Such a 
development would be welcomed, but it must be carried out with the clear 
recognition that wider use of draught animals will not be achieved if it 
is in any way prejudicial to the subsistence cropping activities of 
smallholder farmers.  
 

Many instances already exist in the continent where crop farming and 
livestock keeping are competing directly for the limited land resources of 
the African smallholder, and this situation will become more common as 
human populations increase and as it becomes more difficult to satisfy 
even subsistence food requirements. ILCA is keenly aware of this emerging 
conflict and is examining ways and means of achieving efficiency gains in 
the use of cattle for conventional draught purposes to minimize this 
conflict. On-station and on-farm tests of several technologies are already 
in progress in Ethiopia. Most of these are applicable, with due 
consideration being given to local circumstances, to many farming systems 
in sub-Saharan Africa.  
 

Draught animal power is a key African resource with considerable 
potential to contribute to increases in agricultural production in a food 
deficit continent. ILCA, through its research, is evaluating ways in which 
this potential can be realized. It is a combination of basic and applied 
research done with the explicit recognition that it is farmers operating 
in the contexts of their farming systems who are the ultimate arbitors of 
the usefulness of any technology.  
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IDENTIFYING FARM LEVEL CONSTRAINTS AND EVALUATING NEW TECHNOLOGY  
IN THE PURDUE FARMING SYSTEMS PROJECT IN UPPER VOLTA 

 
 

Mahlon Lang, Ron Cantrell, and John H. Sanders 
 
 
In much of the Central Plateau of Upper Volta the pressure of the high man-land 
ratios is causing a shortening of the fallow rotation period (see Figure 1). In 
the absence of chemical substitutes for the fertility restoration effect of a 
long fallow, cereal yields decline (Ruthenberg, 1980; World Bank, 1981, p. 13). 
In this region a degradation of the sandy and loamy soils has occurred over time 
with more intensive cultivation and the subsequent erosion. Besides the declining 
organic material hence reduced capacity to retain either water or nutrients, the 
sandy soils often form a hard crust preventing water infiltration thereby 
increasing runoff and aggravating drought stress and erosion (United Nations, 
1977, pp. 13, 14, 20, 31). Mossi farmers are not able to prepare the heavy clay 
soils of lowland regions with their available power sources (Jan Broekhuyse, 
conversation, 1983). Other areas of the country have greater agricultural poten-
tial, more rainfall and better soils, hence there is out-migration from the 
central plateau to these regions in the south. However, some of these more 
fertile southern areas also have other problems, as more disease and the 
difficulty of land preparation of the heavy clay soils. The World Health 
Organization and the World Bank attribute much of the difference in population 
densities between the Central Plateau and the south to disease. "Over half the 
country's population live on less than one-fourth the country's area, the central 
plateau, which is on the whole the most poorly endowed with resources." (Kamarck, 
1976, pp. 71, 72). Kamarck attributes this population concentration principally 
to the problem of river blindness ("onchocerciasis") in the alluvial areas of the 
south and points out that the river valleys of the three branches of the Volta 
are practically deserted in spite of high potential soil fertility. Up to 700,000 
Voltaics or 25% of the workforce work abroad, principally in Ghana and Ivory 
Coast. Since mainly young males migrate, high rates of dependency are left in 
regions such as the Central Plateau. 
 
The focus of this SAFGRAD-FSU project is to increase crop yields in this small 
farmer, high population concentration principally on the central plateau before 
the farmers become migrants to the rural south, to urban areas, or leave the 
country. 
 
After stating the operating hypotheses behind this Farming Systems Research 
project in the first section the next two sections describe the farming systems 
on the Central Plateau and present the most important results of the agronomist 
and farmer managed farm trials. A third section suggests some directions for 
future research and identifies some key issues in the interaction between 
agronomists and economists. Finally, a concluding section pulls these sections 
together. 
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UNDERLYING ASSUMPTIONS AND PHASES OF THE  
SAFGRAD FARMING SYSTEMS RESEARCH PROGRAM IN UPPER VOLTA 

 
 
Farming Systems Research (FSR) is defined here as the institutionalization of the 
linkage between the experiment station and farmers. On the experiment stat ion 
individual component pieces of new technology systems are identified and 
evaluated. These component parts are then combined to analyze how new production 
systems function in farmers' fields. These farm trials, the description of the 
farmers' production systems and objectives, and the economic analysis to evaluate 
the agronomic trials are the focus of this paper. The underlying assumptions are 
that: 
 
a) the primary objective of agricultural development is to increase farm 
 income thereby improving social welfare through the functioning of the 
 marketing mechanism; 
 
b) the principal source of new technology will be the experiment station; 
 
c) new agricultural technology, which functions well on the experiment station 
 or on regional trials, often performs poorly under farm conditions or 
 encounters constraints not foreseen by researchers (Sanders and Lynam, 
 1982; Sanders and Johnson, 1982); 
 
d) two-way communication linkages between farmers (especially small farmers) 
 and the experiment station often function poorly in developing countries; 
 
e) training programs for researchers and policymakers on FSR is less useful 
 than the production of data and the analysis of the performance of new 
 technology under farmers' conditions so that researchers on the experiment 
 stations and policymakers in the capital can better understand the 
 constraints faced by farmers in increasing agricultural production and 
 respond to them with the application of scientific methods and the 
 improvement of the economic environment faced by farmers. 
 
In summary, the principal objective of the SAFGRAD-FSU program in Upper Volta has 
been to identify the output of experiment stations and regional trials ready for 
on-farm testing, to evaluate this new technology agronomically and economically, 
and to do other relevant research on the functioning of the farming system and 
the economic, environment to facilitate the introduction of new agricultural 
technology. 
 
The actual performance of the FSR research has been divided into three phases: 
 
1) collection of socio-economic data from farmers on the constraints to the 
 introduction of new technology; 
 
2) agronomist managed farm trials; 
 
3) farmer managed farm trials. 
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In the next section a simplified version of farming systems in the Central 
Plateau will be presented. 
 

FARMING SYSTEMS IN THE SAFGRAD-FSU PROJECT IN UPPER VOLTA 
 
Considering the rainfall during the growing season (May-October) in 1982, 
indicates that Nedogo is in an intermediate rainfall position between Bangasse 
and Diapangou. 
 

Table 1.   Total Rainfall in the 1982 Crop Season (May-October) 
 

     Bangasse  494 mm. 
     Nedogo  583 
     Diapangou  719 

 
Source: R. Swanson, "Rainfall Variability, Labor Time Allocation, and 
Agricultural Production in Upper Volta," unpublished mimeo, August 1983, p. 11. 
 
In all three regions cereals were the principal activity with over 90% of the 
area (Table 2). With the slightly higher rainfall in Diapangou the association of 
a legume in with the millet or sorghum was more important than in the other two 
sites. In all of these regions peanuts had 5 to 6% of the area principally as a 
cash crop. In spite of the variation in rainfall there was little difference in 
peanut areas in the different regions. Farmers stated that peanuts were necessary 
for their cash requirements to pay taxes, but that they took labor away from 
millet (SAFGRAD-FSU, 1983, p. 13).Since the expected economic value of peanuts 
was substantially higher than that for millet, this crop choice appears to 
indicate a preference for building up a grain stock and reducing the risk of crop 
failure with millet rather than maximizing cash income extending the peanut area. 
Peanut yield variability was shown to be significantly higher (F > .99) than that 
of millet (SAFGRAD-FSU, 1983, p. 21). Rice occupies the low-lying areas with a 
drainage problem. Average total area cultivated per household apparently depends 
upon the type of power utilized, ranging from 4.6 to 8.6 ha. (SAFGRAD-FSU, 1983, 
pp. 39, 40). 
 
Figure 2 illustrates a simple model of farmers' land allocation to take into 
account the differences in resistance to drought stress of the three principal 
cereals. Corn is the most sensitive of the three to both drought and soil 
fertility stress with millet being the least sensitive. In this model farm the 
small area near the village, referred to as compound area, is utilized to dump 
night soil, animal manure, stubble, and other organic material. On this very 
small area (.1 to .2 ha.) with higher fertility and greater water retention 
capacity due to the organic fertilization corn is planted and reasonably high 
yields of 1 to 2 t/ha. are obtained. Regression results indicated that the area 
in corn was highly significantly related (F > .99) to the family size (SAFGRAD-
FSU, 1983, p. 18). Sorghum is then planted on the more low-lying area where there 
is slightly more water accumulation and higher coil fertility with a concen-
tration on sandy loams or silt loams (Stoop, et al., 1982, p. 519). Then 
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on the rest of the poorer area millet is planted. (For further detail, see 
Matlon, 1980, pp. 16-18, 49.) The total area in millet was highly significantly 
related (F > .99) to the available workers in the household (SAFGRAD-FSU, 1983, 
p. 17). In summary, corn is very risky but the short season variety and the use 
of the compound area reduces this risk and it is a preferred food fresh. The mix 
of sorghum and millet then depends upon land quality and available labor. 
 
Some marketed surplus of both is sold (1 to 13% of millet and white sorghum, 27% 
of the red sorghum in Nedogo, SAFGRAD-FSU, 1983, p. 10) but most of these basic 
food grains are stored between crop seasons for home consumption. Voltaic farmers 
also often buy grain in bad years with the revenue earned from livestock sales, 
trades, and crafts. The chief source of   savings for these grain purchases, 60 
to 80% over the period 1972-51, came from the livestock sales (SAFGRAD-FSU, 1983, 
p. 11). Thus, livestock is a "store of value" and an insurance policy for grain 
purchases in bad years. Unfortunately, in drought years the value of livestock 
declines substantially as many farmers try to sell at the same time. 
 
Besides the differences in stress resistance the storage capacity of the two 
basic food grains, sorghum and millet, is different with sorghum being preferred 
because it can be stored twice as long as millet according to farmers (SAFGRAD-
FSU, 1983, pp, 14, 19, 20). Thus, sorghum's greater susceptibility to drought and 
soil fertility stress than millet is partially offset by its storage advantages. 
In a climate, characterized by large rainfall variability therefore high risk, 
farmers utilize available land and organic material to reduce their risk and 
produce the three basic cereals, corn, sorghum, and millet, plus small areas in 
peanuts and cowpeas. The area in corn is very small and appears to depend upon 
the quantity of organic material available to raise soil fertility. Farmers 
apparently utilize all their remaining household labor to produce the maximum 
quantities of millet after first planting corn on compound land and sorghum on 
the better "village land" or "sorghum land". 
 
In Bangasse and Nedogo, the lower rainfall regions, farmers stressed the 
subsistence goals of acquiring sufficient grain for survival purposes as being 
their principal motivation. However, some farmers in Diapangou stated   their 
principal objective as wealth, held in the form of cattle (SAFGRAD-FSU, 1983, pp. 
9, 10). Farmers' objectives in West Africa are expected to vary with the extent 
of rainfall at the start of the season (Balcet and Candler, 1981) and they are 
expected to move away from a subsistence first orientation over time as incomes 
increase (Norman, 1982, pp. 641, 642). 
 
In summary, the primary research problem in all three regions is to increase the 
production of sorghum, millet, and corn and then the grain legumes with new 
technology. Food and nutritional problems appear to be still sufficiently serious 
in rural and urban Upper Volta so that the primary purpose for obtaining 
increased cereal yields would be to improve human nutrition. Nevertheless, the 
price elasticity of demand for these cereals is clearly an important empirical 
problem and a Ph.D. dissertation on urban food consumption in the capital of 
Upper Volta is presently in 
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progress at Purdue. A substantial sustained increase over time of the cereals 
could ultimately enable some of them to be utilized as feed grains. The economics 
of their utilization as feed grains would need to be evaluated. 
 

CONSTRAINTS, INTERACTIONS, AND AGRONOMIC RESULTS 
 
In identifying constraints an implicit production function of the following type 
is generally assumed: 
 

Y = f(A, L, KA, KL) 
 
 Y: output 
 A: land 
 L: labor 
 KA: capital substituting for land  
 KL: capital substituting for labor 
 
In questioning farmers in the Upper Voltean farm interviews seasonal labor 
requirements, at the first weeding and at planting, and in some sites high 
quality land (a soil fertility problem) were most frequently cited as the most 
pressing constraints (SAFGRAD-FSU, 1983, p. 21ff). However, a narrow definition 
of land and labor can result in overlooking two obvious points. In any semi-arid 
area by definition the most pressing constraint is water. If more water can be 
made available, the expected returns to several other factors of production will 
be substantially increased. 
 
Irrigation of semi-arid areas tends to be capital intensive and often will not be 
technically and economically viable. Nevertheless, methods of improved water 
retention with better land preparation, such as tied ridges, have been studied at 
the experiment station in Africa since the sixties (Dagg and Macartney, 1968; 
Lawes, 1966). The advantages of tied ridges will depend upon the simultaneous 
application of other inputs. First, there will be increased labor requirements to 
construct the tied ridges. There are alternative times at which the tied ridges 
can be implemented. Some of these times are at seasonal labor peak demand periods 
so the substitution of human power with donkey or oxen power may be necessary 
(see Jaeger, 1983). 
 
Moreover, in the Central Plateau (sites of Bangasse and Nedogo) with its high 
man-land pressure and declining cereal yields, soil fertility is expected to 
become constraining as soon as water is provided. Improved water retention will 
increase the probability of an economic return to fertilization thus the water 
availability decreases the risk incurred when the farmer purchases inorganic 
fertilizer. The actual profitability of different levels of fertilizer will 
depend upon other stochastic factors outside the farmers' control, including 
rainfall and insect and disease attack, as well as the factors within his control 
or potentially known to him before application, such as his initial soil 
fertility and his management practices. Moreover, the economic environment, 
involving the price of output and the costs of fertilizer will also be important 
in determining profitability and adoption of new technology in sorghum 
production. However, the simple technical or agronomic point is that in many 
years, the simultaneous  
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application of both inputs, improved water retention and inorganic fertilizer, is 
expected to be necessary to substantially increase farmers' yields. 
 
In Table 3 the mean results across four sites of tied ridges in two different 
periods and two fertilization levels for sorghum on "sorghum land" are 
summarized. These are agronomist managed trials utilizing the local   sorghum. 
The two inorganic fertilization levels are zero, as practiced by the farmer, and 
100 kg/ha of the locally available "cotton fertilizer" (14-25-15   of NPK) plus 
50 kg of Urea. This latter fertilization level of approximately 36 units of 
nitrogen and 25 units of phosphorous is still very low given the deficiency of 
these nutrients in most soils of the Central Plateau. By international standards 
the absolute yield level of the sorghum is still   low at 1.1 t/ha even with the 
tied ridges and the low fertilizer level. The positive side, though, is that the 
combination of tied ridges and a low level of inorganic fertilization outyielded 
farmers' practices (utilizing  the check to represent farmers' practices) by 2.5 
to 2.9 times depending  upon the period in which the tied ridges were imple-
mented. One surprising result was that the yield effect of the tied ridges after 
planting was greater than that before planting. Since drought stress during 
germination often results in poor germination or low seedling vigor, this was a 
surprising result. There may be an effect of improved cultivation from the late 
tied ridges or a deterioration of the pre-planting tied ridges. 
 
The effects of tied ridges and of fertility were both highly significant (F > 
.99). The interaction effects were also highly significant. The maximum yield 
increase of 745 kg/ha is impressive enough to be noticed by the extension service 
and the farmer. Moreover, the partial budgeting analysis showed that the 
combination of these two practices would be highly profitable for the farmer 
(SAFGRAD-FSU, 1983, p. 62). Before considering other compo-nents of new sorghum 
technology, a comparison with the corn results is useful. 
 
On the small areas of compound land corn with farmers' practices gave very 
respectable yields at 2.2 t/ha. (Table 4). Corn varietal trials also indicated 
reasonably high absolute yields at 1.9 to almost 2.6 t/ha. in Bangasse and 
Diapangou on compound lands. Yields at Nedogo were much lower at 550 to 1100 
kg/ha. The difference was apparently due to greater drought stress in Nedogo as 
there was no response there to the higher level of fertilization (SAFGRAD-FSU, 
1983, pp. 68, 69). The effect of tied ridges was highly significant (99% level) 
and the absolute yield increase of 529 to 691   kg/ha. (Table 4) compared 
favorably with the yield effect of the combined tied ridges and fertilization 
with sorghum on "sorghum land". Implementing the tied ridges on the very small 
compound areas would not require much more labor even in the seasonal peak times 
so this is a highly profitable activity. This problem of putting an economic 
value on family labor at the peak seasonal times for the village will be returned 
to. Meanwhile, since corn yields in the compound were so high and sorghum yields 
on "sorghum Land" were so low, the obvious question is how does corn do on "sor-
ghum land" with tied ridges and fertilization? Here the plot thickens so the mean 
yields in the three different cites are considered first. Diapongou receives more   
rainfall than Nedogo and 
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corn is much more susceptible to drought stress during critical periods than 
either sorghum or millet. Table 5 indicates very poor mean corn yields in Nedogo 
of 625 kg/ha. Besides having higher rainfall and therefore being less risky for 
corn production farmers in Diapongou say that there is more "new land" available. 
In Diapongou a shifting cultivation system of moving to new land areas is 
regularly practiced. Due to the higher rainfall and greater soil fertility, 
Diapongou appears to have substantial potential to increase the production of 
corn on" sorghum land". Mean corn yields at Diapongou were very high compared 
with mean sorghum yields on "sorghum land", 1.9 to 3.1 t/ha. for corn at the two 
sites. The latter site was owned by a Fulani with a large cattle herd which 
grazed on this corn site so this site should really be considered equivalent to a 
compound area. Even on the lower fertility Diapangou site the local corn variety 
apparently has more yield potential than the local sorghum varieties. Since corn 
tends to be more susceptible to both drought and fertility stress than sorghum, 
further delineation of the rainfall and soil fertility requirements for regions 
in which corn can successfully substitute for sorghum is necessary. 
 
In Table 6 the mean corn yields across sites "on sorghum land" with tied ridges 
and fertilization are summarized. Comparing the two checks on "sorghum land" the 
mean corn yields of 1.5 t/ha. were much higher than the 385 kg./ha. of sorghum. 
The short season corn varieties are undoubtedly more recent introductions than 
the traditional sorghum varieties and better able to respond in a reasonably good 
year in regions where water stress is not as serious. In the other two sites with 
lower rainfall the substitution of corn on "sorghum land" is expected to be 
riskier. However, the low absolute yields of sorghum, even with improved water 
retention and fertilization at 1.1 t/ha., indicate the importance of looking for 
new varieties of sorghum or corn selected to respond to the conditions in 
different rainfall regimes on "sorghum land". 
 
Across the three sites (two in Diapangou and one in Nedogo) the tied ridges with 
corn production on "sorghum land" did not have a significant effect on yields. In 
Diapangou there was apparently sufficient rainfall €or the corn without the water 
retention technology and in Nedogo the drought stress was too intense in two 
different periods for the tied ridges to help. The effect of the fertilization of 
the corn was highly significant especially in the Diapangou site with more 
typical "sorghum land", where the low level fertilization treatment increased 
yields by 600 kg./ha. and was highly profitable. This result should be contrasted 
with the lack of effect of fertilization on the compound land in the varietal 
evaluation in the same   site and in the other Diapangou site with high initial 
soil fertility (SAFGRAD-FSU, 1983, pp: 61, 69). Fertility response obviously 
depends upon initial soil fertility as well as water availability at the critical 
periods of plant development. 
 
In summary, tied ridges and fertilization had a substantial effect on sorghum 
yields. Even with both new technologies absolute sorghum yields were still poor 
at 1.1 t/ha. These low absolute yields indicate the importance of identifying a 
variety of sorghum which can perform better in an improved environment. There is 
no reason to expect local varieties, which are generally selected for yield 
stability under adverse conditions, to be able to perform well in an environment 
with more available moisture and 
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increased soil fertility. Breeding then provides the key to the next big increase 
in yields. In Table 7 the four interrelated components of increasing sorghum 
yields are summarized. The interactions of water retention and increased 
fertilization were, shown to be highly significant and profitable innovations. 
The combination of these various input changes is the critical part of farming 
systems research. First, water, then soil fertility, and then a new variety to 
take advantage of the new environment all appear to be required for a substantial 
yield increase. The animal traction probably will also be necessary to overcome a 
seasonal labor bottleneck in the preparation of the tied ridges. 
 
Introducing new technology in corn production may be simpler because the locally 
available variety already demonstrates substantial yield potential when the corn- 
is not put under drought stress. In 1982 moving the corn into the "sorghum land" 
was successful and profitable in Diapongou. The potential riskiness of this crop 
shift implies the need for caution in analyzing results for one crop season. 
Moreover, some consideration of marketing problems would also be necessary since 
corn was only produced in small areas for fresh consumption by the farmers. 
 
Besides the above cereals research, agronomist managed farm trials were also 
concerned with: 
 
a) evaluation of an improved grain legume technology; 
 
b)  the technical and economic impact of a low cost, locally available source 

of rock phosphate. 
 
Good stands of several grain legumes were obtained and the main constraint, 
thrips, was controlled with three sprayings. However, absolute, monoculture 
yields were still very low at 375 to 700 kg./ha. At these yield levels the grain 
legumes can not pay for the chemical inputs (SAFGRAD-FSU, 1983, p. 57). The local 
rock phosphate was utilized for fertilization on the grain legumes and in other 
trials on sorghum and millet. In these sorghum and millet farm trials with the 
Voltaic rock phosphate there was no yield effect from different levels of 
fertilization apparently due to the slow release of the phosphorous from the 
Voltean rock. Utilization of the Voltaic rock in the farm trials may first 
require the identification of new chemical treatments at the experiment station 
to make it more soluble. 
 
Increasing grain legume yields in the Central Plateau may need to be given a high 
priority to improve human and animal nutrition or in the case of peanuts increase 
cash sales. Moreover, a cereal rotation or intercropping with a grain legume 
could help with the soil fertility problem. Grain legume yields of 1.5 t/ha. have 
been obtained regularly with low cost agronomic practices in other regions 
(Sanders and Johnson, 1982). The low absolute yields of grain legumes in these 
Upper Volta results indicates substantial potential to improve yields. Besides 
phosphorous, improved water retention, and improved Rhizobium fixation may also 
be necessary. Storage insect problems can be devastating with cowpeas in Upper 
Volta even with the farmers' traditional storage practices. However, low cost 
treatments with vegetable oil have been shown to be effective with field beans in 
Colombia (Schoonhoven and Cardona, 1979, p. 396). A combined series of technical 
innovations in grain legume production and storage will become an important 
research area once cereal yields are increased. This type of diversification with 
multiple cropping or rotation could improve soil fertility and help provide a 
feed base for oxen as an improved power source. Besides cowpeas and peanuts the 
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introduction of a more drought resistant grain legume, such as pigeon peas, may 
also be of interest. 
 
The farmer managed farm trials confirmed the technical viability and profit-
ability of tied ridges and fertilization in sorghum production while also 
indicating the need for a more soluble source of phosphorous than the Voltaic 
rock. 
 
In summary, the socio-economic analysis helped identify farmers' objectives and 
rationale for cropping decisions on different types of land. The agronomic trials 
indicated that by overcoming one or more constraints substantial yield gains 
could be achieved in sorghum and corn. Further gains in sorghum yields would be 
expected from introducing a new variety into the improved environment with more 
water and higher soil fertility. The agronomist managed farm trials also 
indicated a series of problems for future research to be considered in the next 
section. 
 

FUTURE RESEARCH DIRECTIONS IN THE SAFGRAD-FSU PROJECT 
 
Clearly, the most important results for research orientation are coming from the 
agronomist managed farm trials. Traditionally, farmer managed farm trials have 
had such high coefficients of variation that neither researchers at the 
experiment station nor agricultural policy makers in the capital have taken them 
seriously. One innovation of the SAFGRAD-FSU Project on the farmer managed trials 
to handle the large within plot variation in soil fertility was to substantially 
increase the plot size. 
 
The primary source of new agricultural technology is the experiment station and 
the principal function of the researcher managed farm trials is to put the 
component pieces coming from the experiment station together and analyze their 
effect under farmers' conditions. Similarly, the socioeconomic analysis is a 
necessary complement to resolve the problems identified in the agronomist managed 
trials. 
 
The next stage of this socioeconomic analysis is a detailed economic analysis of 
the more promising agronomic results. After identifying the technical viability 
of a technology on the farm, simple profitability calculations have been made 
(Figure 3). For this crop season profitable practices in Upper Volta were: 
 
1) tied ridges and fertilization of sorghum on "sorghum land"; 
 
2) tied ridges with corn on compound land; 
 
3) fertilization of corn on "sorghum land" in slightly higher rain fall 
 regions. 
 
Simple budgeting is not sufficient to evaluate the fit of new technology into 
farmers' systems of production. The next stage of analysis is linear programming 
to identify with the shadow prices the marginal value product of labor during the 
various times at which the tied ridges could be done for both sorghum and corn on 
compound land. The economic viability of alternative power sources for this 
operation can also be undertaken. The substitution of corn for sorghum on 
"sorghum land" is another important issue which needs to be addressed with LP 
analysis. 
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Since rainfall is so variable and is one principal determinant of yields, LP 
profit maximizing analysis needs to be extended to incorporate this yield 
variation. The simplest method is to utilize the MOTAD variation of LP. Field 
work is presently being undertaken in a Ph.D. thesis in Upper Volta with this 
technique. Further, work is planned especially to evaluate the profitability-risk 
trade-off of a series of fertilization strategies on sorghum and corn on 
different land types. To earn more money farmers must take more risks. The 
quantity of risk farmers will take is expected to increase over time as farmers 
see the new technology under similar conditions to their fields and as they 
increase their incomes (Goodwin, et al., 1980, p. 739). Researchers should not 
make subjective decisions about how much risk farmers are willing to take. Rather 
they need to evaluate a series of new technologies and quantify the potential 
profitability and riskiness of each alternative. 
 
Estimating rick from cross-sectional observations of variance has been shown to 
be a poor proxy for the more appropriate time series variance (Evenson, 1978, p. 
14). The variance in yields relevant to the farmer comes from rainfall, insect, 
and disease attack and should not include static from the variation in soils and 
management practices picked up in cross sectional estimates. In short, 
substantially more effort needs to be put into quantifying the riskiness of new 
technology alternatives. Then the ultimate decision on the appropriate level of 
expected income and risk is taken by the decision maker, the farmer. 
 
All agricultural systems are in transition. On the Central Plateau the situation 
is deteriorating with declining cereal yields. However, the amount of risk 
farmers take now or say they are willing to take has little relevance to the 
amounts they may take when new cereal technologies are demonstrated in climatic 
conditions similar to their own. Moreover, availability of a new technology, 
technically viable, potentially profitable, and with a good fit into the farmers' 
production system (see Figure 3), gives a new series of options to Voltaic 
governmental policymakers to implement price policies, risk insurance, or other 
changes in the economic environment to  facilitate new technology introduction. 
 
The agronomic research on sorghum and corn has advanced sufficiently so that 
slightly more sophisticated modeling efforts can be utilized, i.e., LP with 
MOTAD. These are simple research innovations with immediate policy applications 
and they are presently being put on the microcomputers in the Ministry of 
Agriculture of Upper Volta with Purdue assistance. Research in millet and the 
grain legumes still has not progressed sufficiently to justify these more 
sophisticated modeling approaches. 
 
A more basic and general problem in farming systems research needs to be briefly 
discussed. Agronomists are trained to be extremely careful in data generation, to 
wait a number of years to verify results, and to do. a series of statistical 
techniques, variations of analysis of variance, whose principal objective is to 
control the quality of the data. Policymakers need new technology suggestions in 
short time periods and farmers are more interested in the profitability and fit 
into their operations of one or two new systems of production rather than 
identifying the level of significance of the treatments and their interactions. 
Economists with simple modeling and sometimes synthetic estimates of variance and 
other data can help fill the gap between the public policymakers' and the 
farmers' demands for new technology information and the output from agronomic 
researchers. Some knowledge of agronomy and some simple modeling are the 
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necessary components of the economist's contribution. Effective interdisciplinary 
collaboration means that the agronomists and the economists have to continually 
interact not only in the analysis of the data but also on experimental design and 
even number of repetitions. For effective interaction a thorough understanding of 
each discipline is necessary, including the predominant statistical techniques 
utilized. Another component of this interaction is the desire to respond rapidly 
to real world problems of technology evaluation and generation even if the data 
utilized are preliminary and synthetic. Preliminary results can always be refined 
and improved with further experiments and/or data collection and analysis. 
 
One further comment on agronomist managed trials is that a large number of 
repetitions on different farmers' fields have been shown to be essential to 
evaluate new technology. Fertilizer response will vary with initial roil 
fertility. The performance of a striga resistant variety will depend upon the 
existence of a striga attack. Hence, a stratification of the farm trials will 
frequently be necessary to identify the factors associated with successful and 
unsuccessful performance of the new technology on various farms. At CIAT and IRRI 
researchers involved in farm testing have reached a similar rule of thumb that a 
sample of approximately 15 farms per agro-climatic region is necessary (Sanders 
and Lynam, 1982; Gomez, et al., 1979). This recommendation often runs into 
opposition from agronomists wanting a large number of repetitions on each site; 
however, within farm yield variance has been shown to be much less than between 
farm variance in Colombian farm trials. Moreover, the objective of the farm 
trials is not to minimize the non-treatment variance as on the experiment station 
but rather to evaluate in a systematic way those sources of variance between 
farms influencing the performance of the new technology. 
 

CONCLUSIONS 
 
The farm trials indicate that it is possible to increase yields and small 
farmers' incomes with the introduction of new technology in the production of 
sorghum and corn. Due to low and irregular rainfall and poor soil fertility in 
much of the central plateau, this is a substantial accomplishment. The areas in 
the south especially the southwest have greater agricultural potential due to 
more rainfall and higher soil fertility. However, even in this resource poor 
region of the central plateau, the combined effect of improved water retention 
and increased soil fertility almost tripled sorghum yields. So the application of 
scientific results from the experiment station is a powerful tool in the farm 
trials, when successful component parts are combined. 
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Increasing the yields in the farm trials of millet, cowpeas, and peanuts still 
remains to be done. Moreover, the introduction of new sorghum varieties into the 
improved agronomic environment with tied ridges and fertilization is expected to 
have a high payoff. The next stage of economic analysis will be LP modeling of 
the whole farm operation including a simplified treatment of risk with MOTAD. 
Estimating the expected profitability and income variance of different 
fertilization levels for different land types is a priority research area since 
soil fertility constraints to yield increase will become increasingly important 
as water retention is improved. 
 
Finally, any agricultural development program for the Central Plateau needs to be 
concerned with the potential long-run degradation of the soils. Eliminating the 
brush, reducing or eliminating the fallow period, and opening up of the sandy 
loam or silty loam soils has often led to decreased organic material and crusting 
hence further depletion of soil fertility and reduced water retention. More soils 
research on the technical potential and the economics of substituting inorganic 
for organic fertilizer is urgently needed for these types of regions. Moreover, 
farming systems research needs to fit into the overall agricultural development 
of the country. More emphasis may need to be put in Upper Volta on the 
development of the southwest and the southeast. The higher corn yields in the 
Diapangou site are indicative of the difference between the Central Plateau and 
the eastern savanna. Excluding the Sahel by concentrating efforts on the Central 
Plateau this project chose the most difficult of the three regions to increase 
agricultural productivity and substantial gains were made. With more applied 
research further gains in the Central Plateau and the other two regions (Figure 
1) are undoubtedly feasible. 
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Table 2. Average Land Use by Cropping Activity in the Three Farm Sites 
 

Crops Bangasse Nedogo Diapangou 
  

(%) 
 

Sorghum 
 

26 
 

 28a 
 

 7 
 

Millet 
 

55 
 

64 
 

16 
 

Millet or Sorghum   
Association with a 
Legumeb 
 

 8 
 

Negligible 
 

65 
 

Corn 
 

   1.7 
 

    2.4 
 

   3.2 
 

Rice    1.5     0.3    1.2 
 
Total Cereal 
 

  92.2    94.7   92.4 

    
Peanuts 
 

 6 
 

  5 
 

 5 
 

Bambara Nuts 
 

   1.2 
 

    0.7 
 

   0.6 
 

Soybeans 
 

--- 
 

--- 
 

   1.6 
 

Cowpeas 
 

--- 
 

--- 
 

   1.3 
 

Note: The above does not necessarily sum to 100 due to rounding. 
 
a 10% of this was red sorghum for beer 
b 75 to 90% of the area was in millet with the remainder in sorghum 

combined with one of the grain legumes. 
 
Source: Adapted from SAFGRAD-FSU, 1983, p. 16. 
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Figure 2: Typology of Farming System in the Central Plateau 

 
CENTRAL PLATEAU – High man-land pressure 

Disappearance of fallow land 
 

450 - 750 mm of rainfall 
Concentrated in 2.5 - 5 months 
 

  
CROP YIELDS (kg/ha) 

 

 

 MILLET 
 

300 – 600 
 

No fertilizer 
  

 SORGHUM 
 

400 – 800 
 

Cowpeas in association with one or more 
of cereals 

 CORN 
 

1000 – 2000 
 

  

 COWPEAS 
 

200 – 400 
 

  

 

 

Village Corn 
Compound Land 
Dump refuse here 

Sorghum 
Sandy loams or silt 
loams 
Soils with slightly 
more fertility or 
better water 
retention 

Millet 
Principal crop 
planted on as 
large an area as 
available labor 
supply will permit 
after planting 
sorghum and corn 
on the high 
quality soils 
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Table 3. Mean Yield Effect of Tied Ridges at Two Different Times and 
 Two Different Fertilization Levels on Sorghuma in the   
 Agronomist Managed Farm Trials in Fourb Sites of Upper Volt in 
 1982 (kg/ha). 

 
 Water Conservation 

 

Fertilization No 
Tied Ridges 

Tied Ridges 
 Before Planting 

Tied Ridges 30 
Days After Planting 

 
Without  
 Inorganic Fertilizer 
 

 
 385c 

 

 
580 
 

 
 561 
 

With  
 Inorganic Fertilizerd 

 

759 
 

949 
 

1130 
 

a The sorghum was planted on the land the farmers defined as "sorghum  land".             
 See the discussion of the previous section and the figure. 
 
b Besides the three usual sites of Bangasse, Nedogo, and Diapangou. A fourth 
 site in the lower rainfall zone in Yako was also included. See the map in 
 Figure 1. 
 
c This treatment should be considered as a proxy for farmers' practices in 
 the three sites. 
 
d 100 kg/ha of (14-25-15 NPK) plus 50 kg/ha of Urea. 
 
Note: The l.s.d. at the 95 percent probability level was 79 kg/ha.  
 
Source: Adapted from SAFGRAD-FSU, 1983, p. 63. 
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Table 4. Mean Yield Effect of Tied Ridges at Two Different Times on Corn 
 in Compound Land in the Agronomist Managed Trials in Three Sites 
 of Upper Volta in 1982 (kg/ha). 

 
Water Conservation 

 

No Tied Ridges Tied Ridges 
Before Planting 

Tied Ridges 30 
Days After Planting 

 
2220a 

 

 
2911 
 

 
2749 
 

a This treatment was considered to be a proxy for farmers' practices. 
 
Note: The l.s.d. was 262 kg/ha. 
 
Source: Adapted from SAFGRAD-FSU, 1983, p. 59. 
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Table 5. Mean Corn Yields on "Sorghum Land" Across Treatments in the 
 Three Different On-Farm Experiments. 

 
 Corn Yields 
 kg/ha.) 

 
 Nedogo 

 
  625 

 Diapangou I  1891 
 Diapangou II 
 

 3143 
 

Source: SAFGRAD-FSU, 1983, p. 61. 
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Table 6. Mean Yield Effects of Tied Ridges at Two Different Times and 
 Two Different Fertilization Levels on Corn in "Sorghum Land" 
 in the Agronomist Managed Farm Trials in Two Sites of Upper 
 Volta in 1982 (kg/ha). 

 
Water Conservation 

 

Fertilization No Tied 
Ridges 

Tied Ridges 
Before Planting 

Tied Ridges 30 
Days After Planting 

 
Without Inorganic 
Fertilization 
 

1506a 1609 1915 

With Inorganic 
Fertilizationb 

 

2091 
 

2087 
 

2110 
 

a This treatment should be considered as a proxy for farmers' practices. 
 

b 100 kg./ha/of the "cotton fertilizer" (14-25-15 NPK) and 50 kg./ha. of 
Urea. 

 
Source: SAFGRAD-FSU, 1983, p. 61. 
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Table 7. Principal Constraints to Increasing Sorghum Production in the 
Upper Voltean Research Sites. 

 
1. Water at critical stages of plant development. 
 
2. When water is available, soil fertility becomes limiting. 
 
3. When both water availability and soil fertility are improved, will 

need a new variety to take advantage of the improved environment. 
 
4. Seasonal labor availability for one or more critical operations such 

as weeding or land preparation can become a critical barrier to 
expanding the area cultivated. Animal traction with the appropriate 
implements may then be necessary to overcome this seasonal labor 
bottleneck. 

 
Sources: The ideas for this ranking of constraints and the stressing of  
 their complementarities were taken from conversations with John 
 Dillon in the Northeast of Brazil and Ron Cantrell in the 
 SAFGRAD-FSU Project in Upper Volta. Also see H. Ruthenberg, 
 Farming Systems in the Tropics, Third Edition, Clarendon Press, 
 1980. 
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Figure 5. Flow chart for new technology evaluation in farm trials. 
 

 
 
Source: Sanders and Lynam, 1982, p. 100 
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FSR/E EXPERIENCES IN THE DESIGN AND VALIDATION OF ALTERNATIVES 
IN A DUAL PURPOSE CATTLE PRODUCTION SYSTEM IN  

BUGABA, PANAMA 
 

 
Michael Sands  
Victor Mares  

Miguel Sarmiento  
Luis Hertentains 

 
 

INTRODUCTION 
 

Mixed farms including both crops and animals in various combinations 
are the predominant agricultural system in most of the world (Ruthenberg, 
1980; McDoxell and Hildebrand, 1980). However, while cropping systems have 
received considerable attention of late (ie. Zandstra et al. 1981), the 
development of adequate methodologies to deal with animal productions 
systems and the interactions between cropping and livestock components has 
lagged somewhat behind. However, recent workshops (i.e. Fitzhugh et al., 
1982; Li Pun and Zandstra, 1982) and this symposium are an indication of 
their importance as recognized by scientists and funding agencies. It is 
hoped that the following discussion will shed some light on the problems 
specific to on farm research of livestock systems. 

 
Smallholder farms in the humid tropics often produce inadequate 

levels of high quality protein foodstuffs. Milk is a good source of this 
needed protein. The national production of milk in Panama in 1980 was 91.2    
million liters. This represents an annual increase of approximately 3.8% 
per year since 1960 (De Gracia and Sarmiento, 1982). However, the demand 
for milk has also increased dramatically. In 1980, the demand was such 
that the   national production covered only 44.8%, while the rest was met 
with the importation of 94.3 million liters (De Gracia and Sarmiento, 
1982). This deficit increases to 164.3 million liters if the potential 
demand is calculated on the basis of the minimum daily requirements set by 
the WHO (Mares, 1983). 

 
Increased milk production must continue to be a high agricultural 

development priority. Strategies to reduce the national deficit should be 
centered not only on high input, specialized commercial production but 
simultaneously on increased subsistence or low input diversified 
production systems. 

 
Of the estimated total of 4970 milk producing farms in Panama, only 

1.3% are characterized as specialized dairies. The rest (98.7%) are 
characterized as dual purpose cattle farms (De Gracia and Sarmiento, 
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1982). For the purpose of our discussions here, dual purpose production 
systems will be defined simply as those bovine systems where cattle are 
milked once a day with the calf present to help stimulate milk let down. 
As a further characterization, it should be noted that the income from the 
cattle component comes from both milk and meat production in varying 
proportions depending on farmer management. 
 

The Province of Chiriqui (Figure 1) is a major milk shed for both 
dual purpose and specialized dairy systems. As such it was identified by 
the national agricultural research institute as a high priority area. 
Bugaba District in Chiriqui is an area with a great deal of natural 
potential. With an average of 3700 mm of rainfall per year coupled with an 
average of 172.6 hours of sunshine per month, forage dry matter production 
is potentially very high (Table 1). In the life zone system of Holdridge 
(1982) 70% of Bugaba is classified as "very humid premontane woods" (bmh-
P) while the rest is classified "very humid tropical woods" (bmh-T). Soils 
in the area are moderate to high in fertility, deep, well drained, well 
structured with a moderately acid pH (5.4-6.0). 

 
The research reported in this paper represents an attempt to 

intensify a traditional technology, dual purpose cattle production, within 
the constraints under which small farms operate in Bugaba District in 
western Panama. The ongoing program has adopted a systems approach. While 
the farm has been identified as the sample unit, the discussion here will 
center on the subsystem of dual purpose cattle production and the 
methodology utilized in the design of "improved production practices". 
 
RESEARCH FRAMEWORK 
 

The small farmer production systems program in Central America was 
conceived with the context of a farming systems research approach. The 
Centro Agronomico Tropical de Investigacion y Ensenanza (CATIE) had two 
complementary projects in Central America. The first, "Applied Research in 
Milk Production Systems for Limited Resource Producers in Central 
America", was financed by the Inter-American Development Bank (ATN/SF-
1695-RE). The second, "Small Farmer Production Systems11 is financed by 
USAID/ROCAP (No 596-0083), for work in Animal Production and Annual Crops. 
In Panama, the production systems projects were conducted under the terms 
of a Memorandum of Understanding between CATIE and the Panamanian national 
agricultural research organization, Instituto de Investigacion Agro-
pecuaria de Panama (IDIAP) signed in 1979. 

 
While utilizing a similar multidisciplinary approach (Lagemann, 

1981; Ruiz, 1982) distinct production sub-systems in livestock and crops 
were identified for further research by the staff, always defined within 
the overall farming system. The research reported here deals with one such 
production sub-system, dual purpose cattle. 
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Throughout the project design stage, researchers recognized that the 
small farmer target group was attempting to satisfy a number of 
simultaneous production alternatives. These various objectives are often 
conflicting. Progress towards achieving any one objective is often a 
complex process requiring a complete understanding of the farmers goals 
and subsequent production practices. To achieve this understanding, which 
is essential to the development of an efficient and effective research 
program, direct contact and discussion between farmers and researchers in 
the farmers physical and conceptual environment must occur. 

 
The research team thus utilized a systems approach which consisted 

of four sequential stages (Figure 2). The focus of the first step was to 
gain a basic understanding of the farming systems and select the target 
areas. The specific farming system selected was further defined, limiting 
constraints identified and specific attackable problems were defined 
through surveys and specific complementary experiments (either on—farm or 
at experiment stations). The second stage was to identify possible 
interventions and design an alternative production package. This was 
accomplished through a synthesis of information derived from the surveys 
and experiments complemented by existing information and field experiences 
of the farmers and FSR technicians. 

 
The design of an alternative was often modified through feedback of 

the farmers and field staff during the validation or testing of the 
modifications. The successful conclusion of any farming systems research 
and/or development project must also include a successful extension or 
diffusion stage. It is essential to mention here that while the stages are 
sequential they also include a great deal of overlap. 
 
SURVEY METHODOLOGY 
 
Single Point Survey: A series of single point surveys were conducted by 
staff members of IDIAP with support from IDRC and CATIE in 1979-1980 
(IDIAP, 1980a; IDIAP, 1980b). In Bugaba, a sample of 76 farms was selected 
from a population defined as farmers with their own land holdings. The 
target population was further constrained by establishing the following 
maximums on production resources: a) 50 cows; b) 80 steers; c) 50 pigs; d) 
500 birds; and e) 50 hectares in agriculture (Mares, 1983). 
 

The sample unit was defined as the farm whether it consisted of 1 or 
more parcels. The selected farmers were each visited twice during the 
period of 15/XII/79 to 25/I/80. 
 
Cyclical Survey: The cyclical survey actually had two major goals. The 
first was to further define and quantify the predominant production system 
in the area; dual purpose cattle. The second major function of the 
cyclical survey was to provide comparison data with which to 
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evaluate the proposed alternatives. In order to fulfill both objectives a 
system of increasing the sample size over time was instituted, Farms 
entered the survey for an initial 1 year characterization. The designed 
alternative was then implemented in a period that in the case of certain 
components (i.e. pasture establishment) took almost a year to become 
operational. These farms continued being monitored and were subsequently 
compared within an identical time frame to the next group of farms 
entering in the characterization stage. 
 

This process has been developed further as more farms pass into 
validation and others replace them in the characterization stage (Figure 
3). This process allows for comparison between farms in the same year and 
at least an informal or observational comparison on the same farm over 
years. 
 
FARMING SYSTEM 
 

The predominant production system in Bugaba is a mixed crop-animal 
farm where farmers supplement livestock production with rice, maize, 
sorghum,   beans, plantains, cacao and other crops (Table 2). Only 26% of 
the farms were classified as having only livestock and only 3% had no 
livestock (Mares, 1983). 
 

Farm size in the area of Bugaba is shown in Table 3. The majority 
(68.3%) of farms were less than 30 hectares in size. While the 76 farms 
were from a defined population with a upper limited of 50 ha., a similar 
survey conducted in a "corregimiento" of Bugaba (Aserrìo de Garichè) from 
a  population with no upper limit reported that only 21% of the farms with 
at least 0.5 ha had more than 20 ha (IDIAP, 1980b). 

 
On farms up to 30 ha, 77-80% of the farm land was in pasture with 

the rest in crops or other uses (i.e. woods or fallow). In Aserrìo de 
Gariche, the use of land was further defined for the entire 
"corregimiento" (Table 4). Of the total 10,283 hectares, 62% were in 
pastures. Predominate grasses were Panicum maximum and Hyparrhenia rufa. 
These were associated with variety of native legumes particularly of the 
generae Calopogonium, Desmodium and Centrosema. 

 
The predominant livestock activity was cattle production. Swine and 

poultry were minor activities and consistently of a subsistence nature. 
Within cattle production, 43.2% of the farms were strictly beef 
operations, 40.5% were dual purpose and 16.2% had both activities (Table 
5). The majority of cattle were crosses between zebus and Holstein or 
Brown Swiss. 

 
The typical cattle herd had 49 animals of which 48% were cows (Table 

6). However cow productivity was fairly low as only 56% were in production 
at the beginning of the dry season. 
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While estimates of biological productivity from single point surveys 
are subject to seasonal biases among others, they are useful as initial 
points of reference (Table 7). The estimated birth rate in Bugaba was 62%. 
This coupled with a calf mortality of 13% severely limited cattle 
production. Stocking rates of 1.3 UA/ha/year were low, given the potential 
represented by the reasonably fertile soils, predominant grasses and heavy 
rainfall. 

 
The estimated production indices for the bovine production systems 

identified as dual purpose are shown in Table 8. Without exception, 
productivity was low. Milk production per lactation was only 1334 liters. 
If corrections are made for the long parturition intervals common in the 
area, the production/year would be even lower. The production of meat and 
milk per hectare of pasture must be summed to adequately define the total 
production per unit of land in dual purpose systems. The relative value of 
the production vas approximately equal for the two products. Milk 
represented 56% of the total value of bovine production while meat 
produced 44%. Approximately 88% of the milk produced was sold (Mares, 
1983). 

 
IDENTIFIED CONSTRAINTS 
 

On the basis of the various surveys the limiting constraints to dual 
purpose cattle production were identified. Constraints were divided into 
two major groups: those that were beyond the control of the farmer, at 
least in the short term, and those which the farmer could act upon. 

 
Farmers identified the following socioeconomic factors as impeding 

production: cost and scarcity of land, low prices for milk and meat, and 
high cost of labor (Mares, 1983). While these were considered factors that 
were outside the realm of possible interventions, it is recognized that 
the relative price of meat and milk to input costs can be a major factor 
in the stimulation of cattle production. 
 
Animal Nutrition. The limiting constraints endogenous to the farmers 
management can be grouped in three major areas: animal nutrition, animal 
health, and management. While the predominant pasture, P. maximum, is 
capable of sufficient dry matter production to support moderate levels of 
production, voluntary intake is often a problem because of low density and 
poor quality (Hodgson, 1982). In the Bugaba environment, growth was 
extremely rapid and the effect of maturity on nutritional quality was 
marked by 42 days of re-growth. Thus the inadequate consumption of 
sufficient protein and energy throughout the year limited production. 
While farmers also identified weed control as a principal constraint, this 
was often over emphasized as farmers were not recognizing legumes as a 
resource but as a weed to be eliminated. 
 

The other major nutritional constraint identified was the severe 
deficiency of phosphorus in the soils, forage and animal (Quiroz et al., 
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1982). The levels of zinc and copper in the blood and liver were also 
below critical levels. 
 
Animal Health. Endo- and ectoparasites were considered major limitations 
by both farmers and veterinarians in the area. Surveyed farmers used a 
mean of only 1.5 liters of solution/animal and sprayed every 50 days. This 
regime is considered insufficient to control ticks in the area. 
 
Animal Management. Calf mortality and morbidity was considered to be a 
major problem in the dual purpose cattle production system. The 
traditional management practice in the area is to milk the cow in the 
early morning, then allow the calf to pasture with the cow until 
midafternoon. The calf is then separated from the cow until the next 
morning milking. During the period of separation calves are kept in a 
small corral usually without any source of feed or water. Calves that did 
not die grew poorly and usually were not capable of developing to their 
genetic potential. The high levels of calf mortality were also 
attributable at least in part to the absence of any disinfection of the 
navel at birth. Navel infections were quite common. 
 

The presence of nonproductive animals in the herds also severely 
constrained production. In small herds where individual animals were 
recognized, the problem was not particularly severe. However in larger 
herds where animals were not identified nor records kept, cows were found 
with reproductive problems such that they had not calved in over two 
years. Thus the lack of a simple record keeping system to allow 
identification of nonproductive animals constituted a second management 
constraint. 
 
DESCRIPTION OF INTERVENTION 
 

On basis of the identified constraints and complementary research 
station experiments the following alternative was implemented. It should 
be noted that alternatives could not be implemented to the detail common 
in cropping systems research. Thus, general strategies were identified to 
overcome constraints. These were then modified by the individual farmers 
to fit within their specific farm conditions. The general strategies 
utilized are outlined below. 
 
Animal Nutrition. In order to increase the amount of consumable energy and 
protein, various manipulations of pasture management were available. 
Moderate levels of Nitrogen (50 Kg/ha/year) applied in split applications 
in the beginning and end of the rainy season had given economical results 
in P. maximum in on farm trials. 
 

Similarly, an improved scheduling of weed control coupled with 
native legume identification (i.e. Centrosema, Calopgonium, Desmodium) 
allowed farmers to maintain higher quality pasture, often at lower cost. 
The rotation of the pasture use at shorter intervals also increased 
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quality of available forage. Mineralized salts were introduced for use by 
the entire herd to correct mineral deficiencies. 
 
Animal Health. A schedule of drenching for endoparasites and spraying for 
ectoparasites was developed to try and control parasites with a minimum of 
extra cost and labor (Mares, 1983). Also the use of Iodine for navel dips 
was introduced. 
 
Animal Management. Probably the most effective and accepted component of 
the alternative was the reservation of a group of small paddocks 
specifically for calves during the period of separation from their mothers 
(15-20 hours/day). Specifically, Digitaria swazilandensis either alone on 
in association with tropical Kudzu (Pueraria phaseoloides) in 4 parcels 
was used in a rotation of 7 days use, coupled with 21 days of rest. On 
farm trials showed gains of up to 400 grams/day for calves under this 
system of management. 
 

A system of animal identification (brands or eartags) coupled with a 
simple record keeping system was instituted to allow farmers to identify 
and discard nonproductive animals. 
 
EVALUATION OF ALTERNATIVE 
 

The alternative was implemented on the two initial farms and the 
results of a year's production evaluated in comparison with 4 farms in the 
characterization stage (Figure 3). The general characteristics and 
resources available to both groups of farmers are shown in Table 9. As the 
interventions proposed were targeted at the "typical" farmer in the area, 
it was considered important that the resources necessary to implement the 
alternatives not to be out of reach of the majority of farmers. Thus there 
were no significant differences in the available resources or general 
characteristics of the two groups. Farm sizes ranged from 7.5 to 44.4 ha 
for traditional farms while farms in validation ranged from 12.5 to 14.8 
ha. Farms were also similar in regards to predominate pasture grass, herd 
size, investment per hectare, and available family labor (Table 9). 
 

The biological production indices for the two groups of farms are 
shown in Table 10. The calving rate on the validation farms was improved 
markedly (x = 70.6%) over the traditional farms (x = 58.7%). Calf 
mortality data were inconclusive, though not unexpected. Mortality data 
were extremely variable within a given system or farm. While one farm in 
validation had no calf mortality (as did 2 traditional farms), the other 
had an extremely high mortality in the first two months of the evaluation 
period. Calves were born extremely weak and usually died within the first 
two days after birth. To date no mortality has been experienced since. 
Calf weights at birth are often an early indicator of potential calf 
mortality. While traditional farms had birth weights of 26.5 Kg, 
validation farms averaged 32 Kg. 
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Daily milk production was higher on validation farms (3.7 
Kg/lactating cow/day) than on traditional farms (2.8 Kg/lactating 
cow/day). Perhaps more important was the fact that lactations were 
extended (279 vs 177 days) and at the same time the parturition intervals 
were reduced. This in time will allow much higher production per cow per 
year. The combination of a selection program combined with the reduced 
parturition interval and extended lactation also increased the proportion 
of cows in production   (74.6% vs 46.5%). 

 
The various costs and product values are shown in Table 11. The 

structure of the production costs was similar in both groups, with fixed 
costs representing approximately 78-80% of the overall cost. The 
alternative required an investment of approximately $526 primarily in 
pasture establishment, the majority of which is included in the fixed 
costs. Interest on the total investment represented approximately 50% of 
the fixed cost in both groups. 

 
On traditional farms, labor represented 80% of the variable costs 

while on validation farms labor represented 69% of the variable costs. 
Nevertheless total labor costs per unit were higher on validations farms 
($62.8/ha and $34.70/A.U.) than on traditional farms ($36.60/ha and $21.90 
A.U.). 

 
Value of cattle production rose 181% on validation farms versus 

traditional farms. Of interest was the fact that while on traditional 
farms the value of milk was only 43% of the total production, milk 
produced 68% of the total on validation farms. 

 
While all farms showed a positive gross margin, only 1 traditional 

farm had a positive net income (Table 11). Validation farms had an average 
net income of $1258. Similarly, while traditional farms often had negative 
returns per unit of land, investment or labor, validation farms were 
positive and easily comparable with alternative investments in the area. 

 
While preliminary results show definite improvement in production 

and economic indices, statistical analyses of the improved indices has 
been frustrated by the large variability found on farms, coupled with the 
small number of farms for logistical reasons. Some improvement in the 
situation should be seen as more farms enter validation. Five are 
presently in progress. 
 
METHODOLOGY PROBLEMS 
 

Several problems in the use of the on-farm experimentation inherent 
in the use of FSR methodology in dual purpose cattle production systems 
are worth noting here. The large variation encountered in cattle 
production data on small farms complicates statistical evaluation 
(Fitzhugh, 1982). While cropping systems researchers often evaluate 
several production alternatives   on a single farm, this is often not 
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possible in cattle systems. Few farmers, for instance, are willing to 
watch half their cattle get fat on a new pasture while the other half just 
gets along on the rest of the farms pasture. Thus usually the entire herd 
of a farm must constitute one treatment (possible exceptions include 
veterinary products or management). As different treatments are on 
different farms, location or farmer effects are confounded with treatment 
effects. This can be especially important in dual purpose cattle 
production where different farmers often put different emphasis on the 
relative production of meat and milk. 
 

The long generation intervals of cattle make on-farm evaluation of 
practices to improve long term productivity and reproductive success (ie 
mineral supplementation, supplementation for replacement heifers) 
extremely difficult. Researchers must often rely on extrapolation from 
experiment station results. However, interactions between production 
practices during various physiological stages of the productive life of 
the animal are marked. 

 
While the use of rectal palpations has reduced somewhat the time 

necessary to obtain adequate reproductive data, a year’s data is still a 
short evaluation period. We are now planning to continue evaluation of 
alternatives for at least another 12 months. 
 
SUMMARY AND CONCLUSIONS 
 

The use of a farming systems methodology has allowed the design of a 
successful alternative in dual purpose cattle production in Bugaba, 
Panama. The design of "alternatives" focused on general strategies not on 
a detailed rigid package. Farmers then modified and adapted the various 
components to their specific conditions. 

 
Components were variable in their acceptability. Mineralized salts, 

health packages, and reserving specific paddocks for calves were adopted 
readily by farmers. Presently other farmers in the area are adopting these 
practices of their own volition. This complicates the selection of new 
farmers entering the alternative evaluation process as traditional 
farmers. Supplementation of cows and fertilization of P. maximum pastures 
were less acceptable to farmers. 

 
The major lessons learned from 3 years of work in Bugaba, Panama can 

be summarized as follows: 
 
Time Horizon. There is no question that animal improvement programs are 
costly both in terms of time and money. Our experience has reemphasized 
this point. While five years often allows for the development of specific 
component alternatives, to fully integrate alternatives in cropping and 
livestock subsystems will probably require a minimum ten year horizon. 



 
 

216 
 

Flexibility. Many of the operational and methodological details were 
worked out and revised as the research progressed. The focus was on the 
FSR approach not on a specific methodology. Revisions in the methodologies 
used at each step were constantly modified in response to experiences, 
institutional arrangement and changes in the funding. A "cookbook" 
approach would not have succeeded. 
 
Coordination. Strong local support and coordination has been essential in 
moving the research to the present stage. Both IDIAP and CATIE have worked 
to complement the partner organization in use of resources both physical 
and in personnel. This has resulted in a more efficient use of resources 
in a time of fiscal cutbacks. 
 

While it is too early to confidently present a detailed alternative 
for farmers with a dual purpose cattle production system, we are convinced 
that the approach we have adapted to design and evaluate alternatives for 
small farmers in Panama is valid. 
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Figure 1. 
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Figure 2. General organigram of dual purpose cattle research program 
 (IDIAP/CATIE). 
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Figure 3. Implementaciόn and validation of alternative in dual purpose cattle research program 
(IDIAP/CATIE). 
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Table 1. Meteorological Data, Aserrio de Garichè. 
 

 
Rainfall, mm/yr. 
 

3,700 

Temperature, °C 
 

     25.4 
 

Relative humidity, % 
 

    82.1 
 

Sunlight, hours/month 
 

   172.6 
 

Solar radiation, Cal/cm2/day 
 

   403.6 
 

Holdridge life zones 
 
 

   bmh-T 
   bmh-P 

 
(Mares, 1983) 

 
 
Table 2. Farm Size Distribution, Bugaba. 
 

Farm Size 
(Ha) 

% of 
Farms 

Area in 
Pasture (%) 

Area in 
Crops (%) 

 
 0   –  9.9 

 
22.3 

 
77.1 

 
22.9 

10.0 – 19.9 26.3 77.3 20.3 
20.0 – 29.9 19.7 78.5 19.3 
30.0 – 39.9 7.9 95.3 4.7 
Over   40.0 
 

23.8 
 

- 
 

- 
 

(Mares, 1983) 

 
 
Table 3. Farming Systems, Bugaba. 
 

Farm 
System 

Percentage of Total 
(n =  76) 

 
Livestock only 

 
26.3 

Crops only 2.6 
Mixed systems 
 

71.1 
 

(Mares, 1983) 
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Table 4. Use of Agricultural Land, Asserrio de Garichè. 
 

Use Area (Ha) Percentage 
 
Annual crops 

 
1621 

 
15.76 

Permanent Crops 950 9.24 
Naturalized Pastures 5893 57.31 
Native Pastures 496 4.83 
Woodland 337 3.28 
Fallow 711 6.91 
Other 
 

275 
 

2.67 
 

Total 
 

10283 
 

100.00 
 

(IDIAP, 1980b) 
 
 
 
Table 5. Bovine Production Systems, Bugaba. 
 

Production System Percentage of Total 
(n = 74) 

 
Dual-Purpose (DP) 

 
40.5 

Beef (B) 43.2 
Combination DP and B 
 

16.2 
 

(Mares, 1983) 
 
 
 
Table 6. Herd Composition, Bugaba. 
 

Category Number Percentage 
 
Bulls, breeding 

 
1.6 

 
3.5 

Bulls, replacements 1.9 4.3 
Dry cows 9.4 21.0 
Lactating cows 12.1 27.0 
Heifers 8.2 18.4 
Steers 5.4 1.2 
Calves (0-1 yr) 
 

10.6 
 

23.6 
 

Total 
 

49.2 
 

100.0 
 

(Mares, 1983) 
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Table 7. Zootechnical Indices, Bugaba. 
 

 
Calving rate (%) 

 
62.0 

Calf mortality (%) 13.0 
Weaning age (mon.) 10.1 
Lactating/Total cows (%) 56.2 
Heifers/Total cows (%) 38.2 
Cows/Bull 18.1 
Stocking rate (AU/Ha pasture/Yr) 
 

1.3 
 

(Mares, 1983) 
 
 
 
Table 8. Production Indices in Dual-Purpose Cattle Production Systems,  
 Bugaba (n = 30). 
 

 
Milk/Lactation 

 
(lts) 

 
1334 

Milk/Ha of Farm (lts) 589 
Milk/Ha of pasture (lts) 769 
Meat/Ha of pasture 
 

(Kg) 
 

125 
 

(Mares, 1983) 
 
 
 
Table 9. General Characteristics of Traditional and Test Farms in Cyclical 
 Study, Bugaba. 
 

 Traditional Validation 
T1 T2 T3 T4 V1 V2 

 
Farm Area (Ha) 

 
 7.5 

 
23.5 

 
44.4 

 
25.5 

 
12.5 

 
14.8 

Predominant Pasture* Pm Hr Pm Pm Pm Pm 
Animal Units 15.9 54.2 62.9 35.8 27.8 21.4 
Total Investment ($) 8629 33414 25828 18884 24353 17875 
Investment/Ha ($) 1151 1422 1614   741  1947  1208 
Family Labor (man years) 
 

   4 
 

   2 
 

   3 
 

    2 
 

    3 
 

    2 
 

Mares, 1983) 
 
*Pm = Panicum maximum 
 Hr = Hyparrhenia rufa 
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Table 10. Biological Indices of Traditional and Test Farms in Cyclical 
 Study, Bugaba. 

 
 Traditional Validation 

Indice T1 T2 T3 T4 V1 V2 

 
Calving rate 

 
47.6 

 
55.1 

 
38.6 

 
92.5 

 
  66.5 

 
 74.6 

Calf mortality  0.0 20.2  0.0  8.0  23.5   0.0 
Milk/lactating cow/day (lts)  2.7  3.4  2.3  2.9   3.7   3.7 
Lactation (days)   92 206  232 -  256  302 
Parturition interval (days) - - - - 433(9)* 365(7)* 
Lactating/Total cows (%)  33.7 56.4 68.7  27.4 62.1 87.0 
Stocking rate (AU/Ha/Yr) 
 

  2.1 
 

 2.3 
 

 1.4 
 

1.4 
 

 2.2 
 

 1.5 
 

(Mares, 1983) 
 
* Parturition interval only calculated for cows having two known calvings. 
 Number in parenthesis is the “n”. 

 
 
 
Table 11. Economic Indices of Traditional and Test Farms in  
 Cyclical Study, Bugaba. 

 
 Traditional Validation 

Indice ($) T1 T2 T3 T4 V1 V2 
 
Variable Costs 

 
   961 

 
1974 

 
 673 

 
1031 

 
1700 

 
 756 

Fixed Costs   1926 7077 4338 4741 4818 4103 
Value of Milk    881 4104 1754 1180 4967 4452 
Value of Meat    153 2046 3133 5079 2441 2033 
Gross margin     73 4173 4250 5228 5708 5729 
Net income  -1853 2904  -88   48  890 1626 
Net return/ha   -193  -60   67   91  124  108 
Net return/investment     -.14    -.001     -.09     -.11     .12     .18 
Net return/labor 
 

    -6 
 

  -4 
 

   2 
 

   7 
 

   6 
 

  16 
 

(Mares, 1983) 
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CROPPING SYSTEMS RESEARCH DIRECTED TOWARD 
IMPROVING LIVESTOCK PRODUCTION 

 
S.L. Russo 
R.D. Hart 
J.F.M. Onim 

H.A. Fitzhugh 
 

 
INTRODUCTION 
 
As population density increases in the tropics, grazingland is absorbed 
into the arable land because of the increasing demand for human foods. The 
effects of this grazing/arable land clash are several fold: large 
livestock numbers may decrease or disappear entirely, cattle may become 
multipurpose (meat, milk, draft), large livestock may be replaced by 
smaller livestock (cattle to sheep or goats). But the overall consequence 
is that a major source of high-quality protein is no longer available to 
those people most in need or it. 
 
In western Kenya, and in Kenya as a whole, population is increasing at a 
rate of almost 4% a year, one of the highest rates in the world. In some 
rural areas of western Kenya, population densities often exceed 1400 per 
km2. Many farms in western Kenya are now less than 1 ha in size and 
farmers must purchase food regularly to supply minimal family needs. Up to 
30% of preschool children in some villages suffer from kwashiorkor. 
Although people in the area have never been pastoralists like the Masai, 
livestock have nevertheless been an important component of their farming 
systems. However, with the increases in land and population pressure, 
cattle numbers are rapidly decreasing. 
 
In 1979 a cooperative project was set up between the Kenyan Ministry of 
Livestock Development and the U.S. Aid-funded Title XII Small Ruminant 
Collaborative Research Support Program (SR-CRSP) to develop a dual-purpose 
(meat and milk) goat production system for smallholder agriculturalists in 
western Kenya. Although many farms do not have the land resource base to 
provide sufficient feed for a lactating cow, they may support one or more 
lactating goats. Development of a goat production system has several 
advantages: loss of an individual animal does not cause a major financial 
crisis; investment per animal is lower than for cattle; kidding throughout 
the year allows a small, but consistent, daily supply of milk; sale of 
male kids and milk provide needed income. The research problem, than, is 
to develop an animal of the appropriate genotype, to develop a feed 
resource-nutrition-health management package appropriate to small farmers 
in the area and to ensure that this package is economically and 
sociologically acceptable. 
 
FARMING SYSTEMS APPROACH 
 
The SR-CRSP in Kenya utilizes a farming systems approach. The project 
includes the following subprojects and collaborating institutions: 

1. Goat nutrition and management — Winrock International 
2. Feed resources — Winrock International 
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3. Agricultural economics — Winrock International 
4. Rural sociology — University of Missouri, Columbia 
5. Animal health — Washington State University 
6. Animal breeding — University of California. Davis. 1980-1982: 

Texas A&M University, 91982-present. 
7. Systems analysis and modeling—Texas A&M University 

 
Individual research workplans are formulated and executed bases upon 1) 
the specific questions that need to be answered to design technology 
packages that world be technically, economically, and specially acceptable 
within the context of specific western Kenyan small farm systems. And 2) 
the need for focused component research on goat herd health and biological 
system relationships required to support needs not only of biological 
system relationships required to support needs not only of the target farm 
production system but of goat production in Kenya as a whole.  
 
Research activities focus on a hierarchy of agricultural systems. Regional 
studies are done to understand the ecological and socioeconomic manage the 
on-farm crop and livestock production activities as well as household food 
and labor management, livestock and crop/livestock production systems are 
analyzed to identify alternative systems, and the production system 
components (livestock, fed, etc.) are studied as a source of technology to 
improve the production systems. 
 
The general research strategy that ties together all the activities 
directed at the different agricultural systems and implemented by 
different collaborating institutions is summarized in figure 1. The 
activities can be grouped together in sets that correspond to: 1) 
characterization of the present situation, 2) design of alternative 
technology, 3) testing of alternatives, and 4) transfer of alternative 
technology to participating farmers. 
 
Characterization 
 
The project is based in western Kenya near Lake Victoria Basin, on or near 
the equator, 100 km east of the Ugandan border and 400 km west of Nairobi. 
A baseline survey to characterize the area and predominant farming systems 
was conducted from October 1980 to December 1982 on 40 farms in Kakamega 
District of Western Province and 40 farms in Siaya District of Nyanza 
Province. Farms were visited at least every 28 days by enumerators fluent 
in Kiswahili, English, and the appropriate local language.  
 
Kakamega district is considered to be a high-potential agricultural area. 
Rainfall is bimodal, ranging from 1750 mm, to 2100 mm annually. Altitude 
ranges from 1400 m to 1850 m, the area being very hilly and rocky with 
many farms on very steep slopes. Soils in the area are primarily Homic 
Nitrosols or Ultisols in the U.S. classification, having reasonable 
fertility and structure. Maize and beans are the most important food crops 
and are usually intercropped. Other food crops include sorghum, cassava, 
sweet potatoes, and bananas. Cash crops are trees, coffee, and tea. 
Livestock species are grade and Zebu cattle, hair 
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Sheep. East African goats, poultry, rabbits, and a few pigs. The 1979 
census estimated a human population figure of 1,033,000. Land pressure is 
high at 328 people/km2, going up to 880 people/km2 in some parts of the 
district. 
 
Siaya district is considered to be a medium-potential area. Rainfall also 
has a bimodeal distribution within annual mean of 1000 mm to 1300 mm. The 
altitude ranges from 1140 m to 1500 m and the terrain is fairly flat. The 
soils are Orthic and Plinthic Ferrasols or Ustox and Orthox Oxisols. Land 
pressure is lower in Siaya at 186 people/km2, total population for the 
district in 1979 being 470,000. The principal food crops of maize and 
beans are usually intercropped. Sorghum, short rains period. Other crops 
and sweet potatoes, bananas and pulses: the cash crops and trees, cotton, 
and sugar cane. Much of the land lies fallow and the native vegetation is 
of poor quality. Livestock include Zebu cattle, hairsheep, East African 
goats, and poultry.  
 
Research on cropping systems and goat nutrition is conducted at Maseno, 
which is located between the Kakamega and Siaya villages. Annual rainfall 
averages around 1500 mm, distributed bimodally. Altitude is 1500 m. The 
area is hilly and rocky yet the research station occupies a fairly level 
land area. Soils are Ferrasols and Oxisols with patches of lateritic soils 
which are used for brick making. 
 
Results of the two-year baseline survey show that Siaya farmers tended to 
have slightly larger farms (1.09 ha). Over half of the farms (54%) are 
less than .8 ha in size. In Kakamega, 58% of the households are female-
headed, in Siaya 55% are female-headed. 
 
There are many constraints to crop production in both areas. Hybrid maize 
is planted by almost all farmers yet neither fertilizer nr manure s used 
very often. Cash resources are extremely limited, disallowing purchased 
inputs., In Kakamega, anthranose and army worms routinely destroy crops 
while in Siaya, termites and ants are the major crop pests. Land 
availability is a constraint in both areas with uncertain water 
availability an additional problem in Siaya district. 
 
The principal constraint to livestock productivity is inadequate 
nutrition. Use of communal grazing lands decreases with more and more land 
being put into crop production. In real numbers, livestock decreased in 
the Kakamega survey areas during the two years the survey was conducted. 
In 1980, in Kaimosi, 19 out of 20 farms had livestock; in 1982, 11 out of 
20 farms had livestock, in 1983, 9 out of 20 did. Those farms still 
retaining livestock in 1983 have adapted dairy goats made available by the 
SR-CRSP project, indicating farmers’ willingness to try to retain 
ruminants in their farming system. 
 
Slightly more land is available for grazing in Siaya than in Kakamega and 
livestock numbers are more stable but the quality of the forage available 
for graining is very low. 
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The survey thus identified the key role that must be played by improving 
animal nutrition. As little land is available for pasture production only, 
some sort of increased on-farm production of high-quality forage had to be 
effected. 
 
DESIGN OF CROPPING SYSTEMS RESEARCH 
 
Cropping systems research is handled by the Feed Resources subproject 
through Winrock International. The research program was based on the 
results of the baseline survey and took into account farmers’ goals and 
constraints. Feed resource production options were designed to be 
integrated into a dual-purpose goat production system with the restriction 
that increased feed production must not decrease food production. Farmers 
in the surveyed areas are in the lowest economic strata of 
agriculturalists in Kenya, and do not produce enough food from their small 
farms to meet the needs of the farm family. 
 
Another serious constraint for these farmers is labor. Although family 
size seems large with many available workers, statistics conceal the fact 
that the farm household is comprised mainly of young children, older 
people, and women. Women not only do all of the household chores, but are 
also the farmers. Feed-production interventions to be integrated with goat 
production cannot add more hours to women’s already long work day. 
 
In the first season (August 1981) that the Feed Resources project came 
into Kenya, farmers were brought to the Maseno station to plant their 
typical short rains crops. After discussion with the farmers, it appeared 
that several forage-producing interventions could be imposed on the 
traditional maize and bean, maize and sorghum, and maize alone cropping 
systems. These interventions were: thinning maize, stripping maize leaves, 
topping maize plants, rationing sorghum. In addition, other experiments 
were planted using several legume intercrops,. On=farm work that season 
consisted of the introduction of Napier grass into fence rows. From the 
very first, farmers;’ goals and constraints were taken into consideration. 
Fertilizer, herbicide, pesticide, imported seed, and so on were not used. 
The amount of land available (or lack or land) was kept in mind as was 
labor availability. As seasons progressed, many interventions were tried 
and discarded. Two examples illustrate the cropping systems research.   
 
Maize is the preferred food crop in Kenya; ugali (a maize meal mush) is 
eaten with all meals or as the sole entrée. Farmers would not take any 
land out of maize production so it seemed a good idea to institute feed-
producing interventions utilizing the maize crop. Treatments such as 
stripping and topping maize once or twice during the growing season before 
grain harvest produced up to 1.0 MT of forage dry matter/ha yet both of 
these treatments produced a significant reduction of grain yield (25% 
reduction from stripping and a 15% reduction from topping). This reduction 
is clearly unacceptable to farmers who already have to purchase maize for 
home consumption. Redesign of these experiments led to  
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trying daily stripping in an effort to pinpoint the times during the 
growing cycle that grain yield would not be affected. 
 
In the spring of 1982, goats were distributed to several farmers in the 
survey areas. The “package” that was distributed consisted of a lactating 
doe, a male kid, instructions and equipment for milking, a stall built of 
locally available materials, instructions for stall feeding, and the 
planting of Napier grass and pigeon peas for use in stall feeding during 
to dry seasons. In a short time, it became apparent that the farmers were 
not willing to stall feed the goats. The task of cutting and carrying 
forage occupied from 1 hr to 4 hr daily per goat. Goats are very selective 
in their feeding and refused over 50% of the feed on offer. The end result 
was that either the goats were starving and stopped producing milk or the 
farmer took the goats out of the stall and put them out to graze with the 
other livestock. Redesign of the goat “package” led to de-emphasis on 
confined feeding and increased emphasis on forage production. Farmers 
receiving goats in 1083 participated in a trail on their farms using 
sorghum and pigeon peas as intercrops in their maize. They also received 
enough pigeon pea seed to plant much on their borders and fence rows. In 
addition, they were brought to the station at Maseno for training in goat 
management and feeding and spent several hours with the forage agronomist 
in the research plots discussing experiments and ideas about forage 
production suitable for the farmers “specific” needs. 
 
Research at the Maseno Station has also concentrated on trying the fill in 
the forage gaps throughout the year. Interventions to increase feed from 
existing cropping systems that have been evaluated include planting at 
higher than optimum densities to allow thinning; stripping, topping and 
ratooning; and intercropping and relay cropping forage crops in the food 
cropping system. Interventions to increase feed from existing non-cropped 
areas include traditional cut-and-carry forage grasses, such as Napier 
(Pennisetum purpureum), and grazing legumes, such as Leucaema; and 
nontraditional cut-and-carry crops, such as pigeon pea. Interventions to 
increase feed from off-farm grazing areas include evaluation of native 
legumes found in communal grazing areas and testing of introduced legumes 
such as Stylosanthes spp. 
 
The most important research results have been identification of feed 
production strategies with highest potential for meeting needs of an 
integrated dual-purpose goat production system. As these strategies have 
been indentified, research has focused on testing specific feed-increasing 
interventions. 
 
SUMMARY AND CONCLUSIONS 
 
Figure 2 summarizes the process followed to analyze different strategies 
to increase feed production from existing cropping systems, and to 
identify interventions with the highest potential. Without forage-
producing interventions, animal feed production is concentrated at the two 
time periods with crops are harvested (July-August and November-December). 
The different feed-producing interventions that were tested 
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had the potential of making feed available during most of the year; 
unfortunately, many of the interventions also have the potential of 
decreasing grain production. Experiments wire conducted to measure forage 
and grain production and interactions among interventions. 
 
Preliminary results from the analysis of different strategies to increase 
feed from existing cropping systems suggest that, at this stage in the 
research, the feed production strategies with the most potential are 
intercropping sorghum with maize and intercropping and relay cropping 
pigeon peas with maize. Sorghum and maize and planted simultaneously; the 
sorghum is harvested 4 to 6 weeks later and allowed to ratoon. A high 
quality feed (12% crude protein) is produced at the first cutting (up to 
1.0 MT/ha) and the stover from the regrowth can be combined with maize 
stover. Maize grain yields are not significantly reduced. Intercropping 
and relay cropping pigeon pea within maize-based cropp9ing patterns has 
also been identified as a strategy with potential to produce high-quality 
feed (up to 28% crude protein) and help meet the feed requirements of the 
dry season. 
 
Preliminary results from the analysis of cut-and carry crops suggest that 
research emphasis should be on high-quality legumes rather than on 
grasses. Experimental results using pigeon pea as a fence-row crop show 
that it can be pruned at different intervals and continue to produce a 
high quantity of feed. The fact that farmers can produce their own seed 
and that complicated seed treatment or seedling establishment is not 
required (as in the case of Leucaena) suggest that pigeon pea has good 
potential as a cut-and carry forage crop for small farms in western Kenya. 
A key research area that is currently being explored is the evaluation of 
other fence-row forage legume trees.  
 
Only limited research progress has been made in identifying feed-
increasing strategies for communal grazing areas. Biological questions 
such as identifying forage legumes are less difficult than social 
questions related to community management of these areas. With future 
emphasis on on-farm trails and farmer participation in the research 
process, these questions will be addressed and better guidelines for 
biological research in this area will become available. 
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Figure 1. A general farming system research strategy showing the   
  relationship between synthesis and evaluation and other   
  activities. 

 

 
 
 

Source: Hart (1982) 
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Figure 2. General research strategy followed by the feed resources subproject 
in the analysis and identification of feed resource interventions 
to increase feed from cropped areas.  Predominant cropping patterns 
were analyzed, potential were selected for further research. 
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FIRST EXPERIENCES WITH JOINT MANAGED 
FORAGE AND GRAZING TRIALS 

 
 

Euan F. Thomson 
 
 
INTRODUCTION 
 

In the agricultural zones receiving 200 to 350 mm annual rainfall in 
Syria, barley/fallow and continuous barley rotations predominate (ICARDA, 
1982). Such rotations are also common in the countries of North Africa and 
West Asia which are included in the ICARDA region. Considerable emphasis 
at ICARDA is being placed on research which aims to identify crops that 
replace the fallow or break the continuous barley rotations. In this 
respect leguminous crops such as vetch (Vicia sativa), peas (Pisum 
sativum) and annual self-regenerating Medicago species are being examined 
to determine their dry matter yield potential for pasture and hay 
production, soil water utilization, soil nitrogen enrichment and effect on 
subsequent barley grain yield   (ICARDA, 1982). 

 
The research on pasture and forage leguminous crops is undertaken by 

the Farming Systems (FSP) and Pasture and Forage Improvement (PFIP) 
Programs of ICARDA. The research in the FSP is currently being conducted 
within the framework of the now familiar four stage farming systems 
process (Gilbert, Norman and Winch, 1980). During the initial phase of the 
FSP, emphasis was placed on stage one -- describing systems and diagnosing 
problems. At the present time the major research effort is being devoted 
to stage two -- problem oriented experimentation and system design. Since 
1981 there has been a continued evolution of the FSP's research into on-
farm joint (scientist-farmer) managed trials, although on-farm scientist 
managed trials have been conducted by ICARDA's commodity programs and the 
FSP since the establishment of the Center in 1977. This shift of focus is 
appropriate since stage three tests on farmers' fields -- together with 
stage one, are the essence of the Farming Systems Research (FSR) approach. 

 
The FSR and ICARDA started in 1977 with a three year descriptive 

study in six rainfed villages distributed across a 200 to 600 mm rainfall 
transect in Aleppo Province, and in two irrigated villages in Hama 
Province of NW Syria (ICARDA, 1980). A parallel three year study of 
nomadic families began in 1978 in the driest steppe areas of Aleppo and 
Raqqa Provinces receiving about 200 mm annual rainfall where sheep 
production dominates the farming system (Thomson and Bahhady, 1983). This 
research on the first stage of the FSR process included a smaller shorter 
study which focused on the temporal changes in the live weight of about 
175 Awassi ewes in 13 flocks across different rainfall zones and on the 
growth performance of their lambs   (ICARDA, 1983b). 
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In early 1980 livestock systems research was initiated on the second 
stage of the FSR process using information from the surveys. This on-
station research concentrates on designing and testing improved husbandry 
practices which increase sheep productivity by exploiting the genetic 
potential of the indigenous Awassi breed and by making the best use of the 
existing resource base   (ICARDA, 1983b). 

 
First attempts at joint managed on-farm trials involving barley 

(Nygaard, 1983) and forage crops were made in 1981/82. Many lessons were 
learned from those initial attempts, and, acknowledging the essential 
inclusion of on-farm trials in the FSR process, such trials were 
considerably expanded in 1982/83 to include first attempts at on-farm 
livestock trials. 

 
The livestock systems research at ICARDA accounted for 13 to 15 

percent of the FSP budget (and only about 4 percent of ICARDA's budget) 
over the last two years. Such research, together with socio-economic 
studies on barley production systems (ICARDA, 1982) and crop-livestock 
interactions (Nordblom, 1983 and 1983b), is now an integral part of the 
research of ICARDA. In October 1983, the inseparable nature of pastures 
and livestock research resulted in the transfer of the livestock research 
to the PFIP where the FSR approach will continue to be applied. 

 
This paper reports on the 1982/83 joint managed forage and grazing 

on-farm trials. It is divided into five sections. The first three sections 
outline the objectives of the joint managed on-farm trials, the 
experimental methods and the results. In the fourth section the results 
and the implications of this research are discussed. A final section 
outlines the proposals for the 1983/84 season. 
 
 
OBJECTIVES 
 

The major objectives of the joint managed on-farm forage and grazing 
trials reported in this paper are to: 
 

- develop a methodology, identify hindrances and extend our ability 
to conduct on-farm trials involving livestock, 

 
- compare, under farmer management, the dry matter yield potential 

of three leguminous forage species as an alternative to fallow or 
barley in barley/fallow or continuous barley rotations which 
predominate in 200 to 350 mm annual rainfall areas of Syria, 

 
- measure the liveweight gains of lambs grazing these forages, and  
 
- assess farmers' reactions in terms of the acceptability of these 

forage crops and their utilization in the farming systems. 
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EXPERIMENTAL METHODS 
 

Three villages in contrasting rainfall areas (200, 250 and 350 mm 
average annual rainfall) were visited in October 1982. Using a 
questionnaire, nine farmers were selected from within those villages 
depending on willingness to collaborate, suitability of land and ownership 
of sheep. At the driest location (200 mm, Hawaz) both sites had to be 
abandoned due to bird damage, and one site at Deir Qaaq (350 mm) was 
abandoned because of the theft of the crop. Thus, the results in this 
paper consider only six sites, two at Deir Qaaq (350 mm) and four at Breda   
(250 mm). 
 
Agronomy Trial 
 

A standardized experimental design was used at each site. The three 
species being tested in these agronomy trials were vetch (Vicia sativa), 
peas (Pisum sativum) and annual Medicago. These were planted in 500 m2 
main plots, and 50 kg P2O5/ha was applied to half the area. Since farmers 
generally do not own tractors and hire seed broadcasters, a tractor and 
machinery for preparing the land and incorporating the seed and a skilled 
farmer for broadcasting the seed and fertilizer were hired. ICARDA 
provided the seed and fertilizer. Dry matter yield was estimated from 
harvesting five 1.5 x 1 m areas per sub-plot. The agronomic practices used 
in the trials are shown in Table 2. 
 
Grazing Trial 
 

One of these agronomy trials was modified to serve as a grazing 
trial by increasing the area of vetch and peas to 1500 m2 per species 
(Figure 1). It was still possible to collect yield data for the two 
species since three 2 x 2 m areas within each sub-plot were protected from 
grazing using wire netting. Since the farmer did not own sufficient lambs 
for the grazing trial, twenty Awassi lambs about four months old and 
weighing initially about 15 to 18 kg live weight were transported from 
ICARDA's research station to the site and divided between the two main 
plots. Lambs were weighed at the start and at the end of the trial. They 
were penned at night. The farmer was paid a wage to supervise the lambs. 
 

In June 1983 follow-up interviews were held with collaborating 
farmers in order to solicit their views regarding the trials. This 
information was valuable for planning the 1983/84 trials. The data from 
Breda was analyzed statistically as a split-plot design. The four sites 
within the location represented replicates. 
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RESULTS 
 
Preliminary Interviews 
 

The information from the preliminary interviews is shown in Table 2. 
Some differences in flock ownership, crop rotations and crop yields were 
noticeable between the Deir Qaaq and Breda sites. These results need 
careful interpretation because of the small size of the sample. The 
farmers in the sample owned from one to 54 sheep plus some goats. One 
farmer at Breda owned one cow and another three cows. Farm size varied 
from four to 38 ha with barley covering about 54 percent of the area, 
fallow about 20 percent and the other crops the remainder. The main 
rotations at Breda were barley/fallow, but at Deir Qaaq wheat, summer 
crops and cotton were more important. The two sites at Deir Qaaq and all 
four sites at Breda were on stony soils of varying depth. In 1981/82 
cereal crops were grown on these plot areas and these were preceded by a 
fallow in five out of the six sites in 1980/81 (Table 2). The 1981/82 
harvest was poor; at the drier site crops were grazed. 
 
Agronomy Trial 
 

The dry matter yields (DM) from the sites are shown in Table 3. Dry 
matter yields of the Medics were not taken because of poor growth; this 
aspect will be discussed below. The mean DM yields at Breda were about 28 
percent higher than at the wetter site Deir Qaaq. Peas generally yielded 
25 percent (P>0.05) more than vetch in the unfertilized and 38 percent 
(P>0.05) more in the fertilized plots. While the response to phosphate 
application was variable, on average peas responded (21 percent) better 
than vetch (10 percent). 
 
Grazing Trial 
 

The results of the grazing trial are shown in Table 4. The lambs 
appeared to prefer the vetch to the peas. Lambs on vetch were observed to 
rest after grazing in the morning but lambs on peas appeared to be 
continuously in search of feed. It was observed that lambs found 
unfertilized vetch more palatable than fertilized vetch. These differences 
in animal preference for the two species were reflected in the daily live 
weight gains of the two groups, animals grazing the vetch gained an 
average 55 g per day while those grazing peas gained only 10. 
 

The different lengths of the grazing period were partly due to the 
different total levels of dry matter available. However, on a daily basis, 
dry matter availability per head was similar in the two groups. But the 
intakes of the two species differed since after 18 days grazing vetch 
lambs had removed the entire crop. Even after 27 days considerable 
quantities of peas remained. It was then decided to end the trials since 
the lambs were losing condition. 
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Follow — Up Interviews 
 

The follow-up interviews identified some very interesting obser-
vations. Farmers evaluated the three species for grazing in the order 
vetch, peas and medic. Asked whether they would consider growing the crops 
themselves, all the farmers seemed willing to allow ICARDA to plant 1.0 to 
2.0 ha vetch in their fallow in 1983/84; they were indifferent to peas but 
none wanted to grow medic. However, it is unlikely that they are already 
sufficiently familiar with the forages crops to start growing them 
independently. Availability of cash was considered to be a constraint to 
the purchase of seed in 80 percent of the cases, although seed was 
available on the market and the crop yields were thought by farmers to 
cover the variable costs of production. The planting and grazing of the 
crops did not seem to conflict with other farm operations; sheep have to 
be herded anyway. However, harvesting the crops for seed and straw 
coincides with the cereal harvest when there are heavy demands on labour. 

 
It is important to know how farmers would use a larger area of vetch 

and peas, Eighty percent said they would let it mature to produce straw 
and seed. Twenty percent said they would utilize it as spring grazing for 
ewes and lambs. This result probably reflects the absence of improved 
pastures and controlled grazing practices in the region. None of the 
farmers were interested in hay production. 

 
Farmers were asked whether they could afford phosphate fertilizer, 

whether it was available and whether they felt that the extra production 
would cover the extra costs. Eighty percent said they could afford it, and 
all said it was available and that the extra yield would cover the extra 
costs. However, no farmers applied it to their barley field that year. 

 
Farmers were unanimous in their opinion that the introduction of the 

forage crop would reduce the yield of the succeeding barley crop. 
 
Regarding collaboration with ICARDA in 1983/84, all farmers but one 

with insufficient land expressed a wish to continue and offered 0.5 to 2.2 
ha of fallow land for this year's trials. The farmers were satisfied with 
the collaboration and said scientists had explained the objectives of the 
trials well. They suggested that monthly visits by the team rather than 
visits every second month would be more appropriate. 

 
 

DISCUSSION 
 

The first major efforts to conduct on-farm joint managed forage 
trials were made during 1982/83 following a limited start in 1981/82. 
Certain important lessons were learned during the 1981/82 season, and 
these were incorporated into the design of the 1982/83 trials. These 
findings and lessons are discussed below. 
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Agronomy Trials 
 

The higher dry matter (DM) yield of peas than vetch in these joint 
managed trials  confirms the results from the scientist managed rotation 
trials being conducted by the FSP (ICARDA, 1983a). However, the overall DM 
yields in the joint managed trials were well below the yields of scientist 
managed trials in nearby plots. Such a finding is common when yield 
comparisons between experimental plots and farmer's fields are made. One 
reason for the difference is that the joint managed trials were conducted 
on stony soils, whereas the scientist managed trials were conducted on 
deep soils. 

 
The mean DM yield of vetch and peas were 280 and 210 percent 

respectively higher than those found in 1981/82 at the Breda site. Part of 
this difference was certainly due to site and seasonal variations. But it 
is suggested that much of the increase in yield found in 1982/83 was due 
to the increase in the seed rate (140 vs 70 kg/ha) and P O level used (50 
vs 25 kg/ha). 

 
It has already been noted that the mean DM yield was higher at the 

drier compared to the wetter site (Table 3). Furthermore, with the 
exception of vetch at Deir Qaaq, there was a mean response of 21 percent 
to phosphate application (Table 3). There is insufficient knowledge of the 
soil and meteorological conditions at the various sites to explain the 
inconsistency of these results. A variable response of barley to phosphate 
fertilizer was reported in the 1981/82 barley on-farm trials (Nygaard, 
1983). This was corrected in the next season and the responses in the 
trials in 1982/83 were more consistent largely due to greater care when 
selecting sites. Cropping history of the plots appears to be very 
important. 

 
These inconsistencies in the results are a feature of both joint and 

farmer managed trials where the intensity of monitoring the climatic, soil 
and microbial environment, for example, is low. However, it is considered 
that the DM yields and the fertilizer responses in these trials are close 
to those that would be obtained by farmers. 
 
Grazing Trial 
 

The grazing trial was the first attempt at a joint managed grazing 
trial and even though modest it was very instructive. When conducting on-
farm trials involving livestock, often a compromise has to be found 
between the need to measure the product, such as milk, weight gain, wool, 
dung, traction, etc., relevant to the farming system, and the difficulties 
in doing so. For this reason lambs were chosen because measuring live 
weight gain poses fewer problems than measuring milk production, even 
though it is envisaged that pastures would also be utilized for lactating 
ewes. In retrospect it is now considered that a farmer would be more 
impressed by a new farming practice if he could see a change in 
performance of his flock over a short period of time. Thus, a change in 
milk yield would have been a better variable to determine 
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than the growth rate of lambs since changes in milk yield can be measured 
by farmers themselves. It is therefore proposed in 1983/84 to monitor the 
milk production of ewes in two flocks before, during and after they graze 
vetch or peas. 
 

Although the average daily weight gains per lamb were very low on 
the vetch plots, expressing them as total weight per day per hectare gives 
a value of 3.7 kg. This is very close to the values of 3.8 kg found under 
experimental conditions in 1980/81 and 3.7 kg in 1981/82, (ICARDA, 1983b). 
The low average daily weight gains of the lambs was due to the high 
stocking rate chosen, 67 lambs per hectare, and low DM availability. 
Converting to 45 kg ewe equivalents, this represents a stock rate of about 
25 ewes/hectare. A high stocking rate was chosen since it was desirable to 
graze the crop in 28 days. This would prevent the crop becoming too mature 
at the end of the trial. Of course, a grazing period of only 28 days has 
little practical benefit. In future, a lower stocking rate and an earlier 
initiation of grazing will be applied. 
 

Applying the same argument to lambs' weight gains on the pea plots, 
a value of 0.67 kg liveweight per hectare per day is obtained, in spite of 
there being nearly 1 kg DM available per lamb per day (Table 4). The 
lambs’ apparent dislike of peas was responsible for their poor growth 
performance. Grazing studies by PFIP have also shown similar results. This 
is an important finding which has led to many discussions between 
scientists in the FSP and PFIP, particularly as peas have such a high 
yield potential (ICARDA, 1983a). This point illustrates the value of 
conducting animal evaluation studies as early as possible when designing 
new elements for a farming systems. 
 

Several questions need to be asked regarding peas as a forage crop. 
Is green pea herbage really unpalatable? Do ewes as well as lambs find it 
unpalatable? What is the palatability of pea hay and pea straw? What is 
the nutritive value of these feeds? The PFIP grazing studies showed that 
adult sheep find mature peas more palatable. Hay from peas and vetch and 
mixtures of these containing barley are being fed to sheep to assess 
voluntary feed intake and digestibility. Furthermore, grazing studies are 
planned for 1983/84 to evaluate the palatability of green peas for ewes 
and, in view of farmer's preference to harvest forage crops for grain and 
straw, the nutritive value of pea straw should be assessed. 
 
Farmers' Opinions 
 

One particularly important aspect of these trials was the opinion of 
farmers expressed in the follow-up interviews. Although the yield of vetch 
was lower than peas, farmers preferred to grow vetch. This may be because 
they are more familiar with vetch as a forage crop. Also, some farmers 
were only able to sell their pea seed at an inferior price because of 
insect damage to the seed. 
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As is often the case when seeking to introduce new technology into a 
farming system, a shortage of cash was felt by 80 percent of the farmers 
to be a constraint to introducing a forage crop into the crop rotation. 
However, they did feel that crop yields were sufficient to cover the 
variable costs of production. The budget presented in Table 5 confirms 
this view which arises because of the high economic value of the straw. 
(It has been assumed that hay has the same market value as straw; from a 
nutritional standpoint this is not the case.) The desire of 80 percent of 
the farmers to use the forage crop for straw and grain production is thus 
understandable. Firstly, they like to grow a crop which provides them with 
seed for planting in the next season. This solves the problem of a 
shortage of cash to buy the seed. Secondly, the high economic value of 
straw, which constitutes an important component of sheep diets in winter 
(ICARDA, 1983b), makes it attractive for farmers to produce their own 
straw. 
 

The lack of interest in hay production reflects farmers' relative 
ignorance of the concept. (But this should change with more on-farm trials 
if hay is seen by farmers as a viable alternative.) 
 

One particular concern of farmers was the effect of a forage crop, 
which replaces a fallow, on the yield of the next barley crop. One farmer 
at Breda complained that the 1982/83 barley crop growing where the 1981/82 
forage trial had been was poor. Unfortunately, the grain yield of this 
barley crop was not measured. However, the site of the previous year's 
forage trial could clearly be seen. It was apparent that the application 
of phosphate fertilizer had stimulated the growth of the indogenous Lolium 
species and some of the Lolium planted in 1981/82 had self-sown and 
regrown. Thus, even though the 1982/83 barley crop may have suffered -- it 
was hand-harvested anyway, as was the area surrounding the trial area -- 
the grazing value of the areas was well above that it would otherwise have 
been The farmer agreed with the point and was quite happy to give us all 
his fallow area (2.2 ha) for our forage trial in 1983/84. 
 

It will be very important this year to monitor the 1983/84 barley yields 
of crops growing on the 1982/83 forage sites, together with the barley 
yields in the adjacent areas where no forage crops were grown. 
 
Annual Medics 
 

No mention has been made of medics even though ICARDA will continue 
to give priority to this species in its future pasture and forage 
research. The problems of medic are well known -- poor establishment in 
the first year, weeds, complex grazing management. Therefore it is not 
surprising that farmers were generally not interested in the species. 
 

In spite of these production difficulties and the skepticism of 
farmers, some interesting findings arose from the 1982/83 trials. At one 
Breda site the seed production appeared to be moderate. (No measurements 
were made of DM yield or seed yield at any of the sites 
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because of the poor establishment.) This site will be monitored closely in 
subsequent seasons. A second interesting observation was that the medic 
was still flowering when the last visit to the sites was made on 15 June. 
If it has a late maturing habit, then the interesting possibility arises 
of sowing a mixture of medic with vetch or peas in the establishment year, 
so that the peas/vetch provide the early grazing and medic the late 
grazing. Certainly, in the establishment year medic will only find 
acceptance with farmers provided it can be accompanied by other 
pasture/forage species which provide the earlier grazing. 
 
Lessons 
 

Some lessons learnt from the 1982/83 season are presented below. 
 

1. Plot size:  The plot size was increased from 100 m2 (1981/82) to 
500 m2 (1982/83). This led to more "realistic farming" conditions 
which the farmers were better able to appreciate. Furthermore, some 
farmers felt the area sufficiently large to make it worth their 
while harvesting the crop for straw and seed. This is an important 
step towards ensuring that farmers continue to grow the crop after 
the scientist has withdrawn his input. 
 
2. Best Bet Approach: A major aspect of the 1982/83 season was the 
adoption of a "best bet" approach in joint managed trials rather 
than rigid adherence to agronomic recommendations arising from small 
plot trials. Such an intuitive and pragmatic approach uses knowledge 
of local farming practices gained during initial survey work. For 
example, a seed rate of 140 kg/ha was chosen in 1982/83, based on 
the quantity of barley seed broadcast by farmers in the region. The 
70 kg/ha seed rate used in 1981/82 was found to be optimal in 
scientist managed trials, because this level is suitable for 
drilling into a well prepared seed bed under high fertility 
conditions than are usually found in areas with less than 300 mm 
rainfall. 
 
3. Fencing: A further major lesson from the 1982/83 season was the 
need to properly fence the plots unless the forage crop is enclosed 
within a border of barley. This practice was considered necessary 
even though farmers' fields are not fenced. Thus, five out of the 
six trials were fenced. The unfenced plot was close to the farmer's 
house. Wherever possible trials are now planted fairly close to the 
farmer's house. Farmers are thus better able to guard the crop and 
become familiar with them. 
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PROPOSALS FOR 1983/84 
 

Trials will be repeated with the following modifications: 
 
1. Ten farmers will be selected within one location (Breda) instead 
of at three. Consolidating the research will improve 
farmer/scientist contact. 
 
2. Grazing studies will be conducted at two or three of these sites 
using ewes. Milk production of ewes will be measured before, during 
and after grazing the crop. 
 
3. Farmers will be visited monthly by scientists and farmers 
opinions sought throughout the duration of the trials. 
 
4. Medics will be sown in three furrows of the "fertilized" vetch 
and pea plots. 
 
5. The area of vetch, and perhaps peas, will be increased at three 
of the 1982/83 sites with the farmer paying for the land preparation 
and broadcasting, and ICARDA providing the seed and fertilizer. The 
farmers will decide on the area of the plots. 
 
6. The barley grain and straw yields on the 1982/83 sites will be 
measured. 
 
7. Farmers will be invited to ICARDA's experimental station to 
discuss the trials and to comment on the on-station sheep and 
pasture research. 
 
8. The national program will participate in the trials. 

 
 
CONCLUSIONS 
 

The first year of joint farmer-scientist on-farm forage and grazing 
trials has highlighted many socio-economic and agronomic problems which 
need further research at the second stage of the FSR process. Scientists 
were already aware of many of these problems but are now better able to 
define research priorities as a result of this research. Feed back of 
information from the trials leads to further research at the design and 
testing stage. This is an excellent example of the iterative nature of the 
FSR process. Solutions to these socio-economic and agronomic problems will 
provide livestock scientists with a more concrete framework for conducting 
on-farm testing of improved livestock husbandry practices. In 1983/84 
efforts at ICARDA to develop and refine the on-farm pasture, forage and 
livestock trial methodology will continue. 
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Table 1. Agronomic practices used in the trials 
 

i. Species: Vicia sativa, Pisum sativum, and Medicago 
Rigidula. 

 
ii. 

 
Plot size: 

 
500 m2 per species (except one site where 
1500 m2 plots of V. sativa and P. sativum 
were planted for later grazing). 
 

iii. Seed rate: 140 kg/ha for Vicia and Pisum, 20 kg/ha for 
Medic (inoculated seed). 
 

iv. Fertilizer: 50 kg/ha of P O as triple-super-phosphate 
applied to half the plot area of each 
species. 
 

v. Date of planting: Mid to late November 1982. 
 

vi. Land preparation: Ducksfoot cultivator; set up ridges. 
 

vii. Sowing method: Vicia and Pisum hand broadcast, Medic in 
furrows. 
 

viii. Seed incorporation: Vicia and Pisum by splitting ridges, Medic 
by hand covering or light cultivation. 
 

ix. Measurements: Dry matter yield at about 100 percent 
flowering from five 1.5 x 1 m areas per 
plot. Three cages (2 x 2 m) per plot 
protected the crop in the grazing trial. 
 

x. Fencing: All trials were well fenced. 
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Figure 1. Plot layout of on-farm grazing trail (Breda 1982/83) 
 (excluding Medicago plot) 
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Table 3. Dry matter yields of vetch and peas with and without phosphate 
fertilizer. (kg per hectare) 

 
  Peas Vetch 

Location Farmer Fo1 F+1 Fo F+ 

 
Deir Qaaq 

 
1 

 
1019 

 
1285 

 
780 

 
731 

 
2 

 
1069 

 
1408 

 
905 

 
878 

 
Mean 

 
1044 

 
1347 

 
843 

 
804 

 
Breda 

 
3 

 
1422 

 
2113 

 
932 

 
1313 

 
4 

 
 806 

 
1099 

 
611 

 
1072 

 
5 

 
1612 

 
1595 

 
1341 

 
1167 

 
6 

 
1501 

 
1453 

 
1325 

 
1326 

 
Mean 

 
1335 

 
1565 

 
1052 

 
1220 

 
Overall 

 

 
Mean 
 

 
1238 
 

 
1492 
 

 
982 
 

 
1081 
 

 
1Fo = No P2O5 applied 
2F+ = 50 kg/ha P2O5 applied 
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Table 4. Liveweights and liveweight changes of lambs grazing peas and 
vetch pasture. 

 
 Vetch Peas 
 
Dry matter yield,1 kg/ha 

 
1122 

 
1768 

 
Dry matter availability,2 kg/hd/day 

 
      0.94 

 
      0.98 

 
No. of lambs3 

 
  10 

 
 10 

 
Start of grazing 

 
  4.4.83 

 
4.4.83 

 
End of grazing 

 
22.4.83 

 
1.5.83 

 
Grazing days 

 
  18 

 
 27 

 
Initial live weight, kg 

 
    17.1 

 
   15.6 

 
Final live weight, kg 

 
    18.1 

 
   15.8 

 
Av. Daily live weight gain, g 
 

 
  55 
 

 
 10 
 

 
1 Mean of fertilized and unfertilized plots – see Table 3, farmer 3 

(Breda. 
2 (Dry matter yield x 0.15) – (10 x grazing days).  
3 Five males and five females; about four months old at start of 

experiment. 
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Table 2. Summary of flock structure, cropping patterns and history of 
experimental sites. 

 
 
Name of Village 

 
Deir Qaaq 

 
Mean   

Breda 
 

Mean 
(rainfall) (mm) (350 mm)   (250 mm)  
 
Farmer 
 

 
  1 
 

 
2 
 

 
- 
 

  
3 
 

 
4 
 

 
5 
 

 
6 
 

 
- 
 

Flock Structure          
 Ewes   40 9 25  1 10 12 4 7 
 Yearlings.   12 0 6  0 0 0 0 0 
 Ram   2 0 1  0 0 0 0 0 
 Goat 
 

  6 
 

0 
 

3 
 

 0 
 

0 
 

11 

 
31 

 
0 
 

1982/83 Farm          
Area (ha)          
 Total  382 4 21  8 20 28 4 16 
 Bar.   10 2 6  4 18 22 3 11 
 Fall.   16 1 8  4 2 6 0 3 
 Other 
 

  12 
 

1 
 

6 
 

 0 
 

0 
 

0 
 

1 
 

0 
 

Main rotations3 

 
  2 
 

2 
 

- 
 

 1 
 

1/3 
 

1/3 
 

1/3 
 

- 
 

Details Exp. Sites          
 Soil type   24   0 -    2 2 2 2 - 
 Crop  81/82 1,25   1 -    1 1 1 1 - 
 Yield 81/82 (kg/ha) 450 180 315  720 G6 G G - 
 Crop 80/81 
 

  35 

 
  1 
 

- 
 

   3 
 

3 
 

3 
 

3 
 

- 
 

 
Codes: 
 
1 Cows 
 
2 25 ha shared 
 
3 Main rotations 
 1 = barley/fallow 
 2 = wheat + barley/fallow 
 3 = barley/barley 
 
4 Soil types 
 1 = deep 
 2 = stony/variable depth 
 
5 Crops 
 1 = barley 
 2 = wheat 
 3 = fallow 
 
6 Grazed 
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Table 5. Budgets comparing net benefit of fallow and vetch hay with and 
without phosphate application (SL per hectare) 

 
 

Fallow Vetch 
Vetch 
+ 

P2O5 
Peas 

Peas 
+ 

P2O5 
 
REVENUE      

Dry matter yield (kg) -- 1052 1220 1335 1565 
Hay -- -- -- -- -- 
Grazing 
 

301 
 

-- 
 

--2 
 

--2 
 

--2 
 

TOTAL REVENUE 
 

30 
 

1157 
 

1342 
 

1469 
 

1722 
 

COSTS      
First cultivation (Ayar) -- 35 35 35 35 
Broadcasting seed + Fertilizer -- 14 28 14 28 
Seed (140 kg p ha) -- 210 210 210 210 
Fertilizer (108 kg TSP per ha) -- 0 130 0 130 
Second cultivation (Rdad) -- 35 35 35 35 
Harvest, cost, transport etc. 3 
 

-- 
 

650 
 

650 
 

650 
 

650 
 

TOTAL COSTS 
 

 0 
 

944 
 

1088 
 

944 
 

1088 
 

NET BENEFIT (SL4 per ha) 
 

30 
 

213 
 

254 
 

525 
 

634 
 

 
1 Grazing value of fallow 
2 No residual value since had harvested 
3 Hand harvested crop, estimate from cost of hand harvesting lentil crop. 
4 SL 1.00 = approximately US$ 0.20. 
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INTEGRATING THE LIVESTOCK COMPONENT INTO 
FARMING SYSTEMS RESEARCH: 

SOME EXAMPLES FROM NORTH FLORIDA 
 
 

M.E. Swisher 
E.C. French 
J. Dean 

P.E. Hildebrand 
 
 
 

The holistic approach inherent to the farming systems methodology 
offers a tool for integrating both livestock and crop components into a 
unified research and extension program. This methodology has been used in 
the North Florida Farming Systems Research and Extension Project to 
identify specific problems within farming systems, develop alternative 
solutions to those problems, and test those solutions under farm 
conditions. Two systems in which livestock are a key component illustrate 
the use of the methodology and show how livestock and cropping systems 
research can be integrated. 

 
Achieving full integration of the livestock component into farming 

systems research and extension nevertheless remains a problem. For 
traditional extension programs, serving livestock producers remains a 
difficult task. Two major factors combine to make effective research and 
extension for livestock producers difficult. The first is the complexity 
of livestock systems and the high level of interconnections between 
subsystems. The second is the diversity of objectives and goals that 
producers may have for their swine and cattle enterprises. Creating 
flexible alternatives that the producer can adapt and integrate into a 
wide variety of systems offers one way of meeting this need. 

 
INTRODUCTION 
 

The farming systems approach to research and extension is 
integrative in three senses. First, the farming systems research/extension 
team (FSR/E) is itself a multidisciplinary group. Its composition is 
determined by the specific needs that are identified during the initial 
rapid reconnaissance survey (Hildebrand, 1981a, 1981b). Second, the entire 
research and extension effort involves farmers, researchers, and 
extensionists as a group working together on the farm (Hildebrand, 1980). 
Finally, the approach is holistic (Hart, 1978, 1979). In a systems 
research framework, each farm enterprise is examined not only as an 
entity, but also in terms of its interconnections to the other 
enterprises, activities, resources, and constraints on the farm. 
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Further, systems research will not, in many cases, seek to optimize 
(either biologically or economically) the production of one particular 
commodity. Rather, the objective is to optimize the overall functioning of 
the system. Successful research is defined in terms of meeting the goals 
and objectives of the farmer and his or her family and optimizing the use 
of those resources that are most limiting for them. 

 
This approach offers many opportunities for integrating crop and 

livestock enterprises into a single research and extension program. 
Nonetheless, achieving adequate integration of the livestock component has 
often proved difficult. In this discussion, some examples from the North 
Florida Farming Systems Research and Extension Project1 will be used (1) 
to illustrate how the farming systems methodology can be used to integrate 
the livestock component in a farming systems project and (2) to describe 
some of the factors that make it difficult to achieve this goal. While the 
examples discussed here are from a domestic U.S. setting, it is the 
authors' experience that many factors are similar in the international 
setting. 

 
 
USE OF THE FARMING  SYSTEMS METHODOLOGY  IN NORTH FLORIDA 
 

A two-county area (Suwanee and Columbia) in North Central Florida 
was selected as the project site because of the large number of small 
farms in this area. Sixty-six families were interviewed at the inception 
of the project (North Florida Farming Systems Project, 1981). The farms 
were classified by three major characteristics: length of time in the 
area, race, and type of production system. Figure 1 illustrates these 
data. 

 
The third level of classification employed, the production system, 

is most relevant here. Three types of systems, crop centered, livestock 
centered, and mixed, were found. Swine and/or cattle are a key component 
in   both the mixed and the livestock centered systems. 

 
Unlike the situation in many developing nations, access to land was 

not found to be a critical constraint. While real estate values are high, 
much acreage is idle and can be rented at a reasonable cost ($10-15/acre). 
Critical limiting constraints are labor and/or management time and cash 
flow. The latter is a constraint shared by most large farms, but the 
former is particularly critical to small farmers in the area since most 
are part-time. Low market value for farm products is also a critical 
concern, but one that lies outside the domain of the project. 
 
 

1The North Florida FSR/E Project was initiated in 1980 with funding 
from the University of Florida and from the Office of International 
Cooperation and Development of the United States Department of 
Agriculture. 
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Harwood (1980) and Shaner and others (1982) have described the suc-
cessive stages involved in farming systems research. Very briefly, they 
can be defined as: (1) identification of specific problems within specific 
systems; (2) generation of alternative solutions to those problems; (3) 
testing alternative solutions under farm conditions with farmer 
participation; (4) evaluation of the acceptability of selected solutions 
by farmers; and (5) dissemination of acceptable technology to a mass 
audience, In North Florida, the first three stages of this process have 
been implemented in several farming systems, including those where 
livestock are a key component. Two of these systems will be described 
here. 
 

Livestock centered systems in the area consist almost entirely of 
cow-calf operations where no row crops are grown. Figure 2 outlines the 
major components in this farming system. Typically, the producer will 
plant millet for grazing in the warm season. Additional summer forage 
production will include permanent pasture, usually bahiagrass, and hay, 
usually coastal Bermuda. Winter forage is normally provided by planting 
rye for grazing and by feeding hay. Silage, haylage and supplement are 
rarely provided,   although mineral blocks are used. 

 
The major purchased inputs in this system are fuel, fertilizer, 

seed, and lime. Equipment requirements are minimal, although tractors and 
some tillage and seeding equipment are needed. Many growers hire a custom 
operator to bale hay and do not own this equipment themselves. Similarly, 
labor and management requirements are relatively low. The ultimate market 
product consists of calves. 

 
Mixed crop and livestock systems may include a wide variety of com-

ponents. Agronomic crops, vegetables for market, and livestock -- swine, 
cattle, or both -- are often found on mixed enterprise farms. By far the 
most common of these systems, however, is the integrated grain-swine 
system, which will be used as an example here (Figure 3). 

 
In this system, the farmer has traditionally grown field corn as a 

feed grain. The results of the 1981 survey show that 58% of all farmers 
contacted raised hogs, and 76% planted corn. Of the 66 farmers inter-
viewed, 55% used the corn on the farm as animal feed and 33% sold the 
grain (North Florida Farming Systems Project, 1981). Since that time corn 
acreage has declined in the area. Yet, in 1983, 90% of all farmers who 
maintained corn enterprise records with the Farming Systems Project 
planned to use the grain as animal feed. Rye and oats may also be grown as 
a winter forage crop. 

 
A few growers raise feeder pigs, but most maintain farrow-to-finish 

operations. Major purchased inputs include fuel, seed, fertilizer, lime, 
additional grain, supplement, and medication. Grain must often be 
purchased because of insufficient production or lack of storage facili-
ties. 
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Problems Within These Farming Systems 
 

During the initial survey and since its completion, several specific 
problems have been identified within area farming systems. Major efforts 
on the part of the farming systems team, local extension personnel, and 
researchers at the main campus and at the Live Oak and Quincy Agricultural 
Research Centers have been undertaken to attempt to address these 
problems. 

 
Within the livestock centered system two major problems emerged. The 

first is the need for a low cost, high quality forage crop. Both 
bahiagrass and coastal Bermuda require high levels of nitrogen fertili-
zation to achieve high yield and quality. The second is the limited 
management time available to many farmers for herd maintenance. This 
problem is especially acute for part-time farmers. In mixed crop and 
livestock systems where cattle, agronomic crops, and swine are all present 
on the same farm, management of the cattle herd becomes particularly 
difficult. In these complex systems the enterprise that can survive with 
the least management is apt to receive the least attention, and this 
enterprise is generally the cattle operation. Thus, an enterprise that in 
fact requires a relatively high level of management to produce optimally 
is apt to receive less attention than others which will fail immediately 
if left unattended. 

 
Among swine producers the need for a stable supply of grain is the 

single most critical problem. As Figure 3 shows, in the traditional system 
where field corn is planted, the farmer must, in most cases purchase 
additional grain. This is a severe limitation, especially in years where 
the corn crop fails, as occurs frequently as a result of drought stress. 
Renner (1982) has shown that the probability of drought induced corn crop 
failure for field corn is 40% in Suwannee County and 30% in Columbia 
County. Even in normal production years the limited storage facilities on-
farm and the relatively high cost of off-farm storage mean that the farmer 
cannot grow enough field corn to maintain his herd for the entire year. 

 
Testing Alternative Solutions 
 

Perennial peanut (Arachis glabrata Benth), a warm season legume, 
offers one alternative solution for a high quality, low cost forage. 
Nursery plots of 2 acres have been established on 22 farms in the area. 
These plots are now 1-2 years old and will be used both for increasing 
planting material and for experimental purposes. 

 
Perennial peanut can be used both for grazing and for hay. It 

requires no nitrogen fertilization and compares in quality to alfalfa. To 
date, it has exhibited very limited vulnerability to insects and disease 
and, unlike some legumes such as alfalfa; it is a relatively low manage-
ment crop. The main disadvantage is the two-year establishment period 
required to attain a full stand. During this time competition from 
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weeds is severe, and the land occupied by the peanut is idle. Current 
experimental work is concerned with achieving low cost weed control, over 
seeding during the plant's dormant period (Nov. to April) in recently 
planted and in fully established stands, and utilizing the material as a 
forage for swine. 

 
A new winter wheat variety, Florida 301 was released in 1980 by the 

University of Florida (Barnett and Luke, 1980). This grain and another 
recent release, Beagle 82 triticale (Barnett et al, 1982), may provide an 
alternative grain to corn for swine producers. A series of on-farm trials 
involving comparisons between grains, alternative management practices, 
and alternative double cropping systems are underway. 

 
One question that farmers asked when wheat was suggested as an 

alternative grain crop was whether they could graze the immature plant 
without reducing grain yield. Grazing winter wheat is a common practice in 
the Midwest, but no data were available for short season wheat varieties 
like Florida 301. Because of the brief growing period associated with 
these varieties, researchers did not know how severely grazing might 
affect grain yields. Other varieties may be superior if grazing alone is 
desired, but only two varieties, Florida 301 and Coker 797, have 
sufficient disease resistance and yield performance in North Florida. In 
addition, the varieties both can be included in double cropping systems. 

 
As a result of these questions a series of on-farm and on-station 

grazing trials were initiated in the 1981-1982 growing season and con-
tinued in the 1982-83 season. In most cases, 4 to 6 weeks of grazing were 
attained without significantly reducing grain yields. Further detailed 
trials as well as widespread testing under a greater number of 
environments are now planned. 

 
As these examples show, it has been possible to utilize the farming 

systems methodology successfully in North Florida. Within two types of 
farming systems, livestock centered and mixed crops and livestock systems, 
specific problems were identified. Major problems that farmers raised 
included the need for low cost, high quality forage and the need for an 
alternative to corn for feed grain production, Current research and 
extension efforts include developing alternative solutions to these 
problems. Perennial peanut may provide an alternative forage crop and has 
shown the greatest promise among the forages tested thus far. Wheat, oats, 
triticale, tropical (late season) corn, and grain sorghum are all being 
investigated as alternative grain crops, with wheat initially receiving 
the greatest attention. 

 
Further, as the example of grazing winter wheat illustrates, it has 

been possible to integrate several components - swine, cattle, and crop 
production - in a single, unified research and extension effort. 
Nonetheless, the results that have been achieved do not represent a 
complete solution to the problems faced by area livestock producers. 
Further, complete integration of the livestock component into the 
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farming systems project remains difficult. The remainder of this 
discussion will focus on the factors that are particularly relevant to 
this problem. Examples from beef production systems in North Florida will 
be used extensively. 
 
 
BARRIERS TO INTEGRATING THE LIVESTOCK COMPONENT INTO FARMING SYSTEMS 
RESEARCH 
 

McDowell and Hildebrand (1980) have discussed the barriers to inte-
grating livestock in farming systems research. Their discussion centers on 
international farming systems applications, but many of the same factors 
are relevant in the domestic setting. Among the reasons discussed are the 
difficulty in measuring output from animals such as labor and fuel, the 
relatively low value of many animal products compared to other farm 
products, and the tendency of researchers themselves to specialize,   even 
within disciplines. 

 
Among extensionists, both in the U.S. and elsewhere, livestock 

producers have traditionally been considered one of the most difficult 
audiences to reach. A study in Alachua County, Florida, for example, 
showed that livestock, particularly cattle, were one of the last farm 
enterprises to undergo extensive modernization following World War II 
(Swisher and Popenoe, 1980). Many recommended practices have never been 
adopted on a wide scale in North Florida. Few small producers in the area, 
for example, maintain controlled breeding seasons, use growth stimulants, 
or keep herd records. 

 
Some theorists have argued that small farmers are rooted in tradi-

tion and unwilling to accept change, or that they are poor managers and 
decision makers. Yet, studies have repeatedly shown that small or limited 
resource farmers do make decisions rationally, utilize their resources 
effectively, and adopt appropriate technology (Norman, 1977, 1980; Rask, 
1977; Schultz, 1964; Zandstra et al., 1979). Similarly, the problem cannot 
be blamed on the techniques employed by extensionists. Programs that have 
proven relatively effective with crop production systems - meetings, field 
days, demonstrations, and mass media events -often seem to be less 
effective among livestock producers. Two major factors contribute to this 
problem, the complexity of the livestock systems itself and mis-
communication between growers and professionals which leads to incorrect 
identification of growers' goals and objectives. 

 
The Complexity of Livestock Systems 
 

An example from the North Florida setting can illustrate some of 
these points. Two fairly simple management techniques could be used by 
area producers to decrease forage production costs and increase weight 
gains by calves. The first involves segregating the cattle herd so that 
only those animals in life cycle stages that need high quality nutrition 
are allowed to graze winter rye pastures. Combined with controlled 
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grazing, this practice would allow the grower to reduce his rye acreage 
greatly, an Important economic consideration when Planting rye may cost 
over $100/acre. These are recommended practices, yet few growers follow 
them,   even though they appear simple. 
 

Closer examination shows that in fact both practices may be 
difficult for the grower to adopt. In order to segregate his herd, he must 
know which cows have calved, which will soon calve, and so on. This 
requires adequate records, which are themselves time-consuming and 
difficult to maintain. Further, infrastructural investment in additional 
fencing and pens may be required, as well as additional labor to separate 
the animals and remove them from the pasture each day. 

 
Another recommended practice is to use growth stimulants (ear 

implants) for increased weight gain in calves. Again, the practice appears 
simple. However, the farmer must have a relatively large group of animals 
at the appropriate age for implanting to justify the labor and management 
tine involved in utilizing this practice. Further, the stimulants will 
prove only marginally effective unless adequate amounts of high quality 
feed are available to the calves. Successful use of this technology 
therefore requires a good level of overall management, not only of the 
herd itself, but also of the forage production subsystem. 

 
The complexity and large number of interrelationships between 

components in livestock systems make the adoption of new technology 
difficult. This can be compared to similar innovations in cropping 
systems. Application of 20 lbs/acre sulfur increased wheat yields an 
average of 6 bu/acre in four on-farm trials during the 1982-83 growing 
season. This response was consistent across a wide range of biophysical 
and management environments and this technology appears to be stable and 
relatively independent of other management practices. A comparative 
practice such as the use of ear implants with calves will be highly 
dependent for success on many related management practices and may 
therefore fail to perform in a relatively high number of cases. 

 
The use of new technology is also made difficult by the low prices 

for animal products that prevail much of the time, combined with the 
extended time frame that may be required to attain positive results. To 
move from an uncontrolled to a controlled breeding season will normally 
require 3 to 4 years, for example. Almost inevitably, some cows will not 
be impregnated during the changeover, resulting in a lowered calf crop. 
When beef prices are low, it is difficult for the farmers to justify an 
immediate sacrifice in investment in infrastructure (additional fencing 
and so on) and lowered calf crop in order to obtain a long-term goal. 

 
Because of these problems the learning curve for the use of new 

technology will tend to be lengthened for livestock producers. The length 
of time (number of attempts) required to successfully utilize new 
technology can be described as a function of the complexity of the 
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technology being utilized and the prior knowledge of the user (Swisher & 
Hildebrand, 1982). Complex technology will require more attempts to 
achieve success than simple technology (Figure 4). Many innovations in 
livestock production are complex in the sense that successful use requires 
a high overall level of management in the system. 
 

The difficulty in successful innovation is exacerbated by the 
continuous nature of livestock production. In a system where production 
occurs in discrete segments, the case with many crops, for example, the 
use of new technology can alter a single practice, and the farmer can 
evaluate the results of that change at the end of a given production 
period. This permits the innovator to make successive, discrete 
alterations in his management practices, evaluate their value, and 
pinpoint errors. With livestock, production is continuous. This makes it 
difficult both to initiate individual alterations in practice and to 
evaluate their value. Added to the complexity of interrelationships within 
the system, evaluation of new practices on the farm becomes difficult for 
both the researcher and the farmer. 

 
This also implies that extrapolation of results from controlled 

studies, where all but one or a few variables are held constant, to the 
farm, where variation is high and continuous, is especially jeopardous. 
Conducting animal trials under farm conditions is therefore critical. At 
the same time, because of the variation found on-farm in these complex 
systems, increasing the number of bio-physical and management environments 
included in on-farm trials is necessary. 
 
Identifying the Farmer's Goals 
 

Misidentification of the farmer's goals also leads to dissemination 
of technology that is inappropriate for and therefore rejected by live-
stock producers. Three different systems in which cattle are a critical 
component will be used as examples. In System 1 the farmer raises some 
cattle, but also devotes part of his acreage to growing both cool season 
and warm season grains for cash sale and on-farm use and raises a small 
acreage of peas and soybeans. In System 2 the farmer raises cattle and 
tobacco. In System 3 the farmer raises only cattle. 

 
The goals of the farmer and the resource limitations that he faces 

will typically vary from system to system. In System 1 the farmer has a 
highly diversified system. His goals are to achieve minimum risk and 
optimum total return from all enterprises combined. He faces a very 
complicated management problem and nearly year-round demand for cash flow. 
His specific objectives for his cattle herd therefore probably will be (1) 
to minimize management time for individual enterprises and (2) to be able 
to sell animals at any time to meet cash flow needs. 

 
In System 2 the farmer's most critical crop is tobacco. While the 

management time demanded for this one crop is very high, his overall 
management' problem is simplified. He must insure that he has access to 
cash and enough time to manage the tobacco crop well during the entire 
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growing season. For this farmer specific goals for his cattle enterprise 
will probably be (1) to maximize return (2) as long as doing so does not 
involve a sacrifice of time and/or money during tobacco production. 
 

In System 3 all activities on the farm are geared toward the cattle 
enterprise. All management decisions therefore center on maximizing return 
from a single enterprise. 

 
A standard recommended set of production practices is available for 

beef producers. At the heart of these practices is the controlled breeding 
season. Although there is room for adaptation, the general recommendation 
in North Florida is to produce a calf crop during Jan., Feb., and March. 
If the calf crop can be produced in a short period, then the grower can 
produce the right quality and quantity of feed as needed by the animals at 
their various life cycle stages. He can easily use such secondary 
technology as ear implants, because all animals that need implanting are 
approximately the same age at one time. He can force wean calves because 
they reach weaning age at one time, and he can provide the quality feed 
they need at that time. Further, the farmer can easily keep records, 
determine which cows do not reproduce adequately, and compare the 
performance of their offspring. His actual labor time for each individual 
practice may be reduced by handling many animals at once. Considering the 
cattle enterprise alone, returns are optimized by these recommendations. 

 
When the cattle are viewed within the overall system framework, 

however, some disadvantages become apparent as well. It may be necessary 
to alter or even drop some of these recommendations. 

 
In System 1 the recommended production practices fail to meet the 

farmer's objectives. By practicing controlled breeding he loses the 
ability to sell animals year-round. Further, while herd management and 
return on investment may be increased by following the recommendations, 
the necessity to carry out the several practices at specific times in-
creases the overall complexity of farm management. For this farmer, 
controlled breeding may therefore be undesirable within the framework of 
his farming system. It is also difficult to adopt part of the production 
package. Implanting becomes difficult, for example, when the farmer has 
only a few calves in a given age group. He must round up the entire herd 
to implant a few animals - and even those may not all be at optimal age 
for implanting. Forced weaning is rarely feasible for similar reasons. For 
this farmer, appropriate technology may include different practices than 
those currently recommended. 

 
In System 2 the farmer may be able to utilize a controlled breeding 

season. January, February, and March, however, may not be the optimal time 
for calving because of the management requirements of tobacco. In System 3 
the farmer may wish to adopt recommended practices fully. For him, an even 
more complicated set of production practices involving two breeding 
seasons per year may be optimal. 
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Correctly identifying the farmer's goals is a critical responsi-
bility for researchers and extensionists. It is impossible to develop a 
set of recommendations to meet the needs of each individual. At the same 
time it is necessary to evaluate the role played by livestock in the most 
common farming systems within a region. On this basis, it becomes possible 
to develop alternatives that will meet the major objectives of the growers 
within each of these recommendation domains. 

 
Again, this will often be more difficult to do for livestock 

production systems than for cropping systems. A grower can probably 
utilize the same production practices for wheat, regardless of whether he 
intends to sell it or use it as feed grain. As the above example 
illustrates, very different practices may be appropriate for livestock 
producers, depending on how this component fits into their overall farming 
system. 

 
This problem can only be addressed by offering the livestock 

producer alternatives which can be integrated into a variety of farming 
systems, Perennial peanut may offer one such alternative in North Florida. 
For producers with relatively high management opportunities, it can be cut 
for hay two or three times a year. When it becomes dormant, it can be 
overseeded with a small grain, either for grazing, hay or grain 
production. This permits year round use of the peanut acreage. Where less 
management time is available, it can be used for grazing, either by the 
entire herd or in creep feeding designed to provide high nutrition levels 
for calves. 

 
Similarly, small grains such as wheat, oats, or triticale can be 

grown for cash sale or as animal feed for use on farm. As cool season 
crops, problems from pests and disease are reduced compared to most warm 
season grains. Further, water use is lessened and winter rainfall is 
generally more reliable than summer rainfall. Where cattle are a component 
in the farming system, wheat can also be grazed. The grower can select 
which of these grains best fits his needs. Each will permit him to follow 
with a second, warm season crop. Again, a grower who wishes to increase 
grain production may select grain sorghum, while another might select 
soybeans for cash sale. 
 
 
CONCLUSION 
 

The farming systems methodology offers an avenue for integrating 
livestock and cropping systems in a unified research and extension 
program. In North Florida, livestock have been integrated into the Farming 
Systems Research and Extension Project. The activities that have been 
undertaken in the project provide an illustration of the methodology in 
use. 

 
For both more traditional research and extension activities and for 

participants in farming systems projects, successful integration of this 
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component of many farming systems remains a difficult problem. This 
results from the complexity of livestock systems. Introducing simple 
technological change that will significantly alter the productivity of a 
highly complex system is difficult. In many cases, change is harder to 
achieve in animal than in cropping systems, because the former are often 
more complex and illustrate higher degrees of interconnections between 
subsystems than the latter. These problems are exacerbated by the 
difficulty in evaluating change in a continuous, compared to a discrete, 
production system. 
 

Farmers themselves have many goals and objectives for their live-
stock enterprises. For some, both in North Florida and in developing 
nations, for example, cattle may represent easily accessible capital. For 
some, following recommended practices may be difficult because it adds to 
the overall complexity of farm management. In order to develop appropriate 
technology for these growers, researchers and extensionists must clearly 
define the goals and objectives of livestock producers. These goals will 
vary, depending on the farming system employed by the grower. Maximization 
of return from the livestock component alone may not be compatible   with 
the grower's objectives if doing so requires making critical sacrifices in 
his other enterprises. 



 
 

262 
 

REFERENCES 
 
 

Barnett, R.D., and H.H. Luke. 1980. Florida 301: A new wheat for multiple 
cropping systems in North Florida, Agricultural Experiment Station 
Circular S-273. Institute of Food and Agricultural Sciences, University of 
Florida, Gainesville. 
 
Barnett, R.D, D.D. Morey, H.H. Luke and P.L. Pfahler. 1982. Beagle 82 
triticale: A new winter feed grain for multiple cropping systems in the 
Coastal Plains Region of South Georgia and North Florida. Agricultural 
Experiment Station Circular S-297. Institute of Food and Agricultural 
Sciences, University of Florida, Gainesville. 
 
Hart, R.D. 1978. El concepto de sistemas. Paper presented at the Seminar 
on Annual Crop Production, San Andres,   El Salvador. 
 
____________. 1979. Marco conceptual para la investigacion con sistemas 
agricolas. Paper presented at the 10th Meeting of the Latin American 
Association of Agricultural Sciences. Acapulco, Mexico. 
 
Harwood, R.R. 1980. An overview of farming systems research methodology. 
USDA/USAID Farming Systems Research Symposium. Washington, D.C. 
 
Hildebrand, P.E. 1980. Motivating small farmers, scientists and 
technicians to accept change. Agricultural Administration 8:375-383. 
 
_____________. 1981A. Combining disciplines in rapid appraisal: The sondeo 
approach. Agricultural Administration 8:423-432. 
 
_____________. 1981B. Toward an agrosocioeconomic methodology. Paper 
presented at the Didactic Seminar on the Role of Sociologists in the Field 
Among Other Professions, at the 76th Annual Meeting of the American 
Sociological Association, Toronto. 
 
McDowell, R.E. and P.E. Hildebrand. 1980. Integrated crop and animal 
production: Making the most of resources available to small farms in 
developing countries. The Rockefeller Foundation,   New York. 
 
Norman, D.W. 1977. Economic rationality of traditional Hausa dryland 
farmers in the north of Nigeria, p. 63-91. In Tradition and dynamics in 
small-farm agriculture, R. D.Stevens (ed.). Iowa State University Press, 
Ames. 
 
_____________. 1980. The farming systems approach: relevancy for the small 
farmer. Michigan State University, East Lansing. 



 
 

263 
 

North Florida Farming Systems Project. 1981. Final Sondeo Report. 
Unpublished mimeographed report. Institute of Food and Agricultural 
Sciences, University of Florida, Gainesville. 
 
Rask, N. 1977. Factors limiting change on traditional small farms in 
southern Brazil, pp. 92-114. In Tradition and dynamics in small-farm 
agriculture, R.D. Stevens (ed.). Iowa State University Press, Ames. 
 
Renner, M. 1982. Probability of drought-induced corn crop failure in North 
Florida. Unpublished M.S. Thesis, University of Florida, Gainesville. 
 
Schultz, T.W. 1964. Transforming traditional agriculture. Yale University 
Press, New Haven. 
 
Shawer, W.W., P.F. Phillip and W.R. Schmell. 1981. Farming Systems 
Research and Development: Guidelines for developing countries. Westview 
Press, Boulder. 
 
Swisher, M.E. and H. Popenoe. 1980. Some perspectives on the impact of 
changing agricultural technology. Unpublished mimeographed report. 
Institute of Food and Agriculture Sciences, University of Florida, 
Gainesville. 
 
Swisher, M.E. and P.E. Hildebrand. 1982. Scale-specific agricultural 
research. Proceedings of the conference on agriculture, change, and human 
values. Humanities and Agriculture Program, University of Florida, 
Gainesville. In Press. 
 
Zandstra, H., K. Swanberg, C. Zulberti, and B. Nestel. 1979. Caqueza; 
Living rural development. International Research Development Center, 
Ottawa. 



 
 

264 
 

Figure 1. Survey of Sixty-six Suwanee and Columbia County Farmers With 
Farm Size Ranging from 12 – 700 Acres. 
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Figure 2. Main components in livestock-centered (cow-calf) systems in Suwannee and Columbia Counties, 
Florida. 
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Figure 3. Example of a typical mixed crop (grain-swine) system in Suwannee and Columbia Counties, 
Florida. 
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Figure 4. The Learning Curve. 
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ANIMALS IN A FARMING SYSTEM IN NORTH KORDOFAN SUDAN: 
INTEGRATING SHORT-TERM AND LONG-TERM PERSPECTIVES IN FSR APPROACHES 

 
Tim Frankenberger  
Edward B. Reeves  

C. Milton Coughenour 
 
 

INTRODUCTION 
 
 Animal husbandry is a very important component of agriculture in the 
El Obeid region of North Kordofan, Sudan. Farmers in this area view 
livestock production as an investment to off-set the uncertainty of crop 
production under fluctuating climatic conditions. From a short-term 
economic perspective, farmers' investments in animals are a logical 
adaptive response to the uncertainty imposed by their environment. 
 
 Problems arise however when the long-term effects of these 
investments are considered. The process of desertification and the 
consequent loss of productive land resources have been accelerated by 
over-grazing of animals in the area. This situation presents a real 
dilemma for FSR practitioners in devising appropriate intervention 
strategies. Bottom-up FSR interventions which promote the short-term goal 
orientation of farmers regarding livestock investment may not adequately 
take into account the long-term environmental/societal consequences. This 
paper will explore some of the potential problems associated with FSR 
approaches to livestock production in the Sudan and will stress the 
importance of integrating both a short-term and a long-term perspective in 
such approaches. Emphasis will be given to combining micro-level 
household-focused FSR approaches with macro-level resource use consider-
ations. 
 
 Before proceeding with this discussion, a brief description of the 
study and FSR methodology used by the University of Kentucky will be 
provided. This will be followed by a general description of the farming 
system found in this area of Kordofan and the importance that animals play 
in relation to this system. 
 
 
GENERAL DESCRIPTION OF THE STUDY AND METHODOLOGY USED 
 
 The University of Kentucky conducted farming systems research in the 
El Obeid region of western Sudan from June 1981 to August 1982. This 
project was sponsored by INTSORMIL (International Sorghum and Millet 
Research) which is a USAID-funded CRSP (Collaborative Research Support 
Program). The research provided baseline information about 
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farming to the Western Sudan Agricultural Research Project, a World Bank, 
AID and Government of Sudan agricultural development project. In addition, 
this information will be used by the Sudan government for agricultural 
program planning. 
 
 The farming systems approach used in the study follows a model pop-
ularized by David Norman (Norman et al., 1979). The household is 
considered to be the main decision-making unit. Available resources within 
the natural and socio-cultural environments--such as land, labor, capital 
and management are identified. A determination is then made as to how 
these resources are channeled into cropping patterns, animal husbandry and 
off-farm activities. Investigations are also made as to the flow of the 
output into consumption, savings, and investment in working capital for 
increasing farm production (Norman et al., 1979:11-1). An in-depth 
understanding of the total environment in which the farming household 
operates is essential to this approach, for it helps elicit the 
significant determinants of the farming system. 
 
 With this theoretical framework, a baseline study was conducted in 
18 farming communities located within a 50 kilometer radius of El Obeid. 
Village selection criteria included differing soil types, access to water, 
market facilities and institutional complexity. A diagnostic survey was 
conducted in each village, and the data were used to select three villages 
for an intensive ethnographic study lasting eight months. These 
ethnographic data were in turn used to develop a comprehensive survey 
instrument which was pre-tested among a sample of 40 farmers drawn from 
the three villages. Following the pre-test, the survey instrument was 
modified and administered to a sample of 166 farmers in the other 12 
villages. In all, a total of 206 farmers were surveyed (Reeves and 
Frankenberger 1981, 1982). 
 
 
GENERAL DESCRIPTION OF THE FARMING SYSTEM 
 
 To understand farming in this area of the Sudan, one has to take 
into account the constraints imposed by the environment. First, the El-
Obeid area receives on the average 347 mm of rainfall annually, most 
between July and October. The amount and distribution of rainfall is 
highly variable from one year to the next, making consistently successful 
farming almost impossible to achieve, Second, the El-Obeid area is in a 
transitional zone between the clayey sand soils to the south and goz soils 
(stabilized sand dunes) lying to the north. These two principle soil types 
are associated with differences in cropping patterns and livestock 
rearing. Both types of soil are characterized by low fertility. Fallowing 
is the principle means for restoring soil fertility. The natural 
propagation of Acacia Senegal, a native shrub of the region, allows 
farmers to gain an income from their fallow land through the collection of 
gum Arabic produced by these trees (Reeves and Frankenberger 1982). 



 271 

 Besides these four major crops, a variety of lesser-important crops 
are grown. Roselle is usually sold for cash or traded in kind. Cowpeas and 
okra are intended for domestic consumption but may also be sold or traded. 
Watermelon is grown both for human and animal consumption. It is a water 
source and fodder for livestock during the dry season, and sold in local 
markets. These minor crops are frequently interplanted with sesame and 
sorghum. 
 
 The cropping cycle begins in the period of January to April with 
land clearing. Then between May and August all 4 major crops are planted. 
Millet is often planted the earliest, before the rains (May) in hopes that 
it will mature before the season in which insects and birds attack the 
immature candles. If the early plantings do not germinate, the farmer will 
replant after a month. Alternatively he may switch to a shorter maturing 
crop like sesame or sorghum. Regular plantings of sesame, groundnuts and 
sorghum generally occur in June or early July. These crops, too, may have 
to be replanted if rains are insufficient for germination or if sandstorms 
kill the seedlings (Reeves and Frankenberger 1982). 
 
 Ideally, all crops are weeded at least twice. However many poor 
farmers are forced by their need for cash to sell their labor to other 
farmers thereby neglecting an adequate second weeding of their own fields. 
Wealthier farmers, on the other hand, may weed their crops three to four 
times. 
 
 Harvesting operations are conducted from late August to January, 
with the most intense activity occurring in October and November. 
 
 Aside from climate, labor is the most important constraint on the 
cropping system. For many farmers the cost of hiring agricultural laborers 
is the largest input expenditure that they make. Returns to labor by crop 
were calculated and it appears that the highest rate of return was for 
millet, followed by groundnuts, sesame and. sorghum. Sesame's popularity 
among farmers, although its rate of return is lower than either millet or 
groundnuts, can be attributed to risk-aversion. Millet is relatively a 
greater risk to plant than sesame because of its susceptibility to pest 
attack and poor response to uneven distribution of rainfall (Olsson, 
1983), while unstable prices and a high outlay for the labor input limits 
the planting of groundnuts. 
 
 In addition to cropping, nearly every household supplements its 
income through off-farm activities. The latter include dry season 
migration for wage, charcoal manufacture, water hauling, tailoring, 
carpentry, metalworking, itinerant marketing, and the operation of such 
capital intensive enterprises as village shops, bakeries, flour mills, oil 
presses, cisterns and trucks. Monetary gifts from relatives living 
elsewhere is another source of income for many of the farm households. 
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 The rural population is dispersed in villages that range in size 
from five or six households to 1,000 or more. Village populations 
fluctuate seasonally. The population is greatest during the rainy, 
cropping season and lowest during the dry season. The average household 
numbers between seven and eight members. Nuclear family residence seems to 
be the preferred pattern, but extended families, matrifocal families and 
other household arrangements are fairly common. 
 

Whereas the household is the basic unit of consumption, agricultural 
production is typically in the hands of more than one decision maker in 
the household. A common pattern is for husband and wife to manage separate 
farms. Unmarried sons and daughters who are old enough are also given land 
to manage if it is available. Besides farming, virtually every household 
has members who work in secondary occupations, usually on a seasonal 
basis. The survey of households revealed that nearly two-thirds of all 
household members were productive in some way during a part of the year. 
The usefulness of children as producers and income earners is well 
understood by parents (Reeves and Frankenberger, 1982). 
 
 The average cultivated landholding of a household head in this area 
of Kordofan is 13.48 Makhammas (1 makhammas = 1.8 acres or 1.73 feddans). 
Most farmers are cultivating more than one-half of their total land 
holdings. This is twice the amount of cultivation in relation to fallow as 
is recommended by FAO, and supports the view that soil fertility in the 
region may be steadily declining. In addition, a considerable amount of 
the cultivated lands are rented rather than owned by farm managers. Most 
of the rented land is leased by better-off farmers from the poorer farmers 
in these villages. 
 
 The four most common crops grown in the area are millet, sorghum, 
sesame and groundnuts. The cereals are primarily subsistence crops though 
surpluses are sold to other farmers and at local markets. Millet is the 
preferred staple of the rural diet, and the stalks of the millet plant are 
used as a building material for houses. Almost every household grows some 
millet. Sorghum is not nearly as important a crop although the majority of 
the farmers do grow some. Local varieties of sorghum are often 
intercropped in the same hole with sesame. Aside from being used in making 
bread, porridges and beer, sorghum is an important animal fodder. The seed 
and stover are both used for this purpose. 
 
 Sesame is the dominant cash crop grown in the area. Over 90 per cent 
of the farmers grew sesame in their fields. It is often intercropped with 
sorghum, cowpeas, watermelon or kardadee (roselle). Most of the sesame 
grown is sold at regional markets and is destined for processing into oil 
which is consumed in the urban centers. Groundnuts are the second most 
important cash crop. They are grown primarily for the export market. Price 
instability of the world market has made groundnuts a higher risk crop for 
farmers than sesame. 
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IMPORTANCE OF ANIMALS TO THE FARMING SYSTEM 
 
 Animals play an important role in relation to the farming systems of 
this region. As stated earlier, farmers view livestock production as an 
investment to offset the uncertainty of crop production under fluctuating 
climatic conditions. In addition to being a source of savings, animals are 
a source of food, transportation, and labor. Thus animal investment is an 
important strategy followed by farmers to help deal with the uncertainty 
imposed on them by their environment. 
 
 Nearly 90 per cent of the farmers in our sample owned animals. 
Although unevenly distributed, the mean total number of animals owned per 
household was 17.56. The various types commonly owned include cattle, 
sheep, goats, donkeys, camels, horses and poultry. Farmers acquire these 
animals through purchases, gifts, and natural increase through breeding 
activities. In addition, shepherds will acquire and accumulate animals as 
part of their payment for their services. Table 1 presents the average 
number of these animals owned by farmers, with standard deviation and 
their respective ranges. 
 
 On the average, farmers in the area of Kordofan own approximately 
five cattle and five sheep each. As for goats, the average was six per 
farmer. They also own about one donkey per farmer. Camel and/or horse 
ownership was far less common, as indicated by the averages of less than 
one. 
 
 Despite these averages, animals are not evenly distributed among 
farmers. In particular, cattle, sheep and goats are unequally distributed, 
as Table 2 shows. As would be expected, wealth (for which "total area 
cultivated" was used as an index) is positively related to total number of 
animals owned. (See Table 3.) 
 

Sixty-one per cent of the farmers in our sample did not own cattle. 
Of the thirty-nine per cent who did, the majority owned very few. This is 
primarily because cattle are relatively expensive, and the poorer farmers 
cannot afford them. When cattle ownership was correlated with an indicator 
of wealth (total area cultivated), there appears to be a relationship 
between wealth and cattle investment. (See Table 3.) 
 
 Likewise, the lack of resources such as the availability of water 
and/or fodder can act as constraints to cattle rearing. Farmers living in 
villages with access to permanent water sources had significantly more 
cattle than those living in villages with no permanent water sources. (See 
Table 4.) 
 
 Only a minority of the farmers in our sample did own sheep (21%). 
However, of the sheep owners, one half had more than 10. (See Table 2). 
Like cattle, sheep are expensive animals when compared to goats, and most 
poor farmers cannot afford them. As would be expected, wealth and sheep 
investment were related. (See Table 3.) The limited numbers of individuals 
with sheep may reflect the more specialized husbandry of sheep than 
cattle. 



 274 

 As with cattle, water availability appears to be an important 
constraint. Sheep ownership was significantly correlated with the presence 
of permanent water sources in the villages. (See Table 4.) 
 
 Although a minority of farmers owned cattle or sheep, the majority 
did own goats. Eighty percent of the farmers surveyed owned some goats. 
(See Table 2.) Despite the large number of goat owners, the majority had 
less than ten. These small numbers are due to the fact that most 
households only keep a few goats to provide milk for consumption, 
primarily for their tea. Aside from their milk, goats also serve as one of 
the main meat sources for most households. 
 
 Several other reasons account for why the majority of the households 
maintain goats. First, goats are relatively inexpensive when compared to 
sheep and cattle, so poorer farmers can afford them. However, wealthier 
farmers invest in goats as well. This is evident from the relationship 
between goat investment and total area cultivated, which is an indicator 
of wealth (See Table 3). Wealthier farmers own more goats than poorer 
farmers. 
 
 A second reason why farmers invest in goats is that they are very 
adaptable animals and can subsist on a wide range of scrubby plants which 
other animals cannot eat. Therefore, fodder is less a constraint for goat 
rearing than it is for cattle and sheep. Likewise, goats can subsist on 
less water than cattle and sheep and can obtain moisture from some of the 
plants they consume. The availability of water is not as important a 
constraint as it is with cattle and sheep rearing. No significant 
difference appeared to exist in goat ownership with regard to water 
access. 
 
 The majority of farmers also own donkeys. Seventy-two percent had at 
least one donkey, and most had only one (See Table 2). Farmers use donkeys 
primarily for hauling and transportation. 
 
 Although some poor people do not own a donkey, they frequently 
borrow one from a relative if it is needed. As would be expected, wealth 
is correlated with donkey ownership (See Table 3). Although the quantities 
owned by rich and poor farmers are similar, wealthy farmers have the best 
quality animals. 
 
 Water availability does not appear to be a constraint to camel 
ownership. No difference was found between the two types of villages 
regarding camel ownership (See Table 4). This is understandable in that 
camels only need water every four days, and are well adapted to dry 
conditions. 
 
 Horses are rarely found in most of the villages around El Obeid. 
Ninety-one percent of the farmers surveyed did not own a horse. Of those 
farmers who did own horses, all had less than five. Horses are most 
frequently used to pull the carts (kaaroo) on which crops, water, 
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building materials or other supplies are transported. They are expensive 
animals and most poor people cannot afford them. As would be expected, 
wealth and horse ownership were related (See table 3). Water availability 
does not appear to be a constraint to horse ownership. 
 
 Although farmers in this area do not plant forage crops for their 
animals, there appears to be some relationship between the amount of 
sorghum grown and animal ownership. Both the sorghum seed and stover are 
used for animal fodder. This relationship between sorghum cultivation and 
animal ownership is strongest for cattle (See Table 5). Along with the 
total number of animals, goats, donkeys and horses also are related to 
sorghum cultivation. In the case of sheep and camels, however, the 
relationship is not significant. 
 
 Despite these relationships between sorghum cultivation and certain 
types of animal ownership, it is important to emphasize that herd animals 
such as cattle, sheep and goats subsist primarily on the pasture that lies 
beyond the village's zone of cultivation. It is the effects of this 
grazing that lead to environmental deterioration. 
 
 The sale and purchase of livestock bears a close connection with the 
change of the seasons, the availability of pasture and water and the 
requirements of the household found in the farming system. The arrival of 
nomadic pastoralists with large herds of animals during the rainy season 
has a profound effect. The relations between nomad and farmer, which often 
conflict over access to forage and water, are quite complementary in 
livestock marketing. The arrival of nomads in August and September 
coincides with the most active months of sales in the government market 
and unregistered markets in the villages in the area. These nomads migrate 
from the wetter lands to the south. Although there are many reasons why 
nomads migrate into the area, August and September are times when nomads 
may buy livestock from settled farmers who are in need of cash to pay for 
hired labor (Reeves and Frankenberger, 1982). Sheep are sold in the 
greatest numbers, followed by cattle then goats. Sheep and cattle sales 
show the strongest relation to the presence of nomads. Goat sales take 
place over a longer period of time (May through October). Cultivators 
generally sell goats during this period to pay for farming expenses and 
consumption goods. Goats are bought by the wealthier farmers, butchers and 
nomads. 
 
 Although the previously described livestock transactions are 
characteristic of government markets and unregistered markets in the area, 
a somewhat different pattern characterizes individual direct sales between 
buyers and sellers. Most sales and purchases of cattle and sheep appear to 
be occurring in the dry season. Most of these transactions occur in the 
same village. Butchers play a key role in buying cattle and sheep from 
farmers. Nomads are the largest sellers of sheep and camels, while 
middlemen and farmers are the largest sellers of cattle. Most goat 
transactions also occur in the dry season within the same village. Farmers 
are the major sellers of goats, while middlemen and butchers as well as 
farmers are the major buyers. In addition to 
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the dry season, goat sales also appear to peak in October and November. 
Farmers are induced to sell goats at this period in order to purchase food 
just before the harvest season. 
 
 Two reasons may account for why most of the farmers' direct sales 
and purchases of livestock occur in the dry season. First, farmers are 
selling animals in order to purchase consumption goods such as sorghum and 
water. Second, animals may be sold during the hot dry season because their 
owners cannot afford to water them. In fact, the availability of water and 
pasture during the dry season are the central-most constraints on 
livestock raising. The long-term costs of maintaining livestock under 
these marginal conditions will now be considered. 
 
 
DETRIMENTAL ENVIRONMENTAL EFFECTS OF LIVESTOCK INVESTMENT 
 
 Given the marginal and difficult conditions which farmers are 
operating in to sustain a living, animal investment is a logical short—
term adaptive response. In the past 30 years, millet yields have dropped 
dramatically in this area of Kordofan Province (Olsson, 1983). Extensive 
analysis by Olsson (1983) has shown that these declining millet yields can 
be explained to a high degree by rainfall distribution although the yearly 
amounts of rainfall received have not decreased significantly. The number 
of days with at least 1 mm of rainfall shows a significant trend of 
decline in the El Obeid area (35%). Since millet yields are influenced by 
the number of days of rainfall as well as total amount, this accounts for 
the lower yields. Because of these lower millet yields, farmers have had 
to rely increasingly on sesame production, animal husbandry, and off-farm 
labor activities to meet their daily consumption needs. According to 
Olsson, sesame yields are less susceptible to changing rainfall 
distribution than are millet yields, and therefore sesame is considered a 
more dependable crop. Sesame is also a cash crop. Part of the earnings 
from sesame sales is used to purchase sorghum as a substitute for millet. 
Another portion of the earnings is regularly invested in livestock as a 
form of savings. 
 
 Despite the short-term economic benefits derived from such invest-
ments, the desirability of owning animals coupled with the limitations 
imposed by the environment such as access to water and pasture has led to 
the development of two detrimental husbandry patterns. First, in villages 
where permanent water sources are available, there is a tendency for some 
farmers to own large herds of cattle, sheep and goats. (See Tables 3 and 
4.) Although wealth is probably the key variable accounting for these 
livestock investments, water availability makes these livestock 
investments viable strategies. As a result of such investments, the land 
area adjacent to such villages is practically denuded of vegetation 
because of over-grazing. Such denuded landscapes are highly susceptible to 
wind erosion. 
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Second, in villages where permanent water sources and adequate 
pasture are not available, one viable animal investment alternative is to 
invest in goats (See Table 4). Goats do well in conditions that are 
marginal for cattle and sheep due to their limited water requirements and 
ability to exploit a wider range of wild forages. Unfortunately, this 
broad adaptability also makes goats a serious threat to the fragile 
Salelian environment. As a result, the limited vegetation is disappearing 
and the area is becoming highly susceptible to desert encroachment. 
 

The detrimental effects these husbandry patterns are having on the 
environment are exacerbated by a number of other strategies farmers are 
pursuing in an effort to make a living (Frankenberger, 1983). These 
include: 1) The recent expansion of sesame crop production and 
corresponding shorter fallow periods, 2) land clearing several months 
prior to planting to economize on labor costs, thereby avoiding seasonal 
labor bottlenecks, and 3) the cutting of trees for firewood and charcoal 
manufacture to sell to urban populations. In addition, nomadic groups are 
competing for the same limited water and forage for their animals as the 
villagers. Nomads are also cutting down trees for sale to urban areas in 
an effort to meet their dry season food requirements. 
 

Taken together, all of these factors are leading to desert 
encroachment at an alarming rate. Scientists have indicated that the 
desert in the Sudan has advanced 90 to 100 kilometers over the last 17 
years (Hellden, 1978). It is estimated that the desert is currently moving 
south at a rate of 6 to 7 kilometers a year, with 680,000 square 
kilometers threatened at present (Debretsion, 1980). In addition, it is 
estimated that 60 million tons of fertile top soil are blown away from the 
Sahel into the atmosphere each year, and that this amount will increase 
annually if current trends continue. 
 
 
ARE FSR APPROACHES SUFFICIENT FOR DEALING WITH PROBLEMS POSED BY ANIMAL, 
HUSBANDRY PATTERNS FOUND IN THE SUDAN? 
 
 Although all of the aforementioned short term strategies pursued by 
farmers are contributing to desert encroachment, the existing animal 
husbandry patterns found in the area present a unique dilemma for FSR 
research. Access to resources is the key to this dilemma. Farmers in this 
area are exploiting pasture and water resources which are not privately 
controlled. Unlike the private farms where the farmer is often the sole 
decision maker regarding the allocation and use of scarce resources at his 
disposal, pasture resources are part of the commons. Since private grazing 
rights do exist, the allocation decisions are not controlled by each 
individual farmer. Instead, grazing allocations operate at the communal 
level on a first come first serve basis. Thus, livestock ownership places 
farmers in an unbounded economic system where resource allocations are not 
directly under their control. Because these resources are susceptible to 
public access, no individual farmer has the incentive to conserve or 
otherwise improve the open range. 
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Essentially the "tragedy of the commons" operates. As long as the present 
system of communal range ownership exists, livestock pressure will 
continue to be detrimental to the environment. 
 
 The insufficiency of FSR approaches for dealing with the dilemma 
posed by livestock rearing has to do with the primary focus of this type 
of research. FSR focuses mainly on households. Painstaking efforts are 
made to carefully unravel the internal economies of each farm household. 
Attempts are made to discover what resources are available to the farmer 
and to determine how these resources are channeled into the various 
economic enterprises that farmers pursue. Essentially, these households 
are treated as bounded internal economics systems. Although mention is 
made in Norman's model (1979) of the importance of exogenous factors, the 
impacts of these external economies on households and their feedback 
relationships are not carefully investigated in most farming systems 
research. This is not only true of the external economies of livestock 
rearing, but also of crop marketing and off—farm migration as well, More 
data are needed on these wider external economic systems and the way 
resources available within them are made available to farmers. 
 
 As a consequence of this household focus of research, intervention 
strategies proposed by FSR approaches tend to be household-oriented as 
well. The economic goal orientations of farmers figure significantly in 
these bottom-up approaches. Since the marginal and difficult conditions in 
which farmers are operating often promote short-term goal orientations, 
such orientation could over-influence the intervention strategies which 
are devised. The long-term effects of animal rearing may not be adequately 
recognized in interventions due to this household focus. Thus, FSR 
projects may run the danger of promoting a strategy which could lead to 
further degradation of the environment. A long-term perspective is 
essential if environ-mental/societal considerations are to be taken into 
account. For this reason, intervention strategies must consider the 
broader economic and environmental context with which these households are 
operating. This calls for more data on resource use at the village and 
area-level which may transcend the individual communities which FSR 
projects are concentrating. 
 
 We are not advocating that the FSR approach be abandoned. On the 
contrary, we believe that its effectiveness in devising appropriate 
intervention strategies would be enhanced in systems where livestock 
management is an issue if FSR is combined with a regional inventory of 
available resources critical to livestock rearing. Such inventories might 
also be conducted on marketing services and potential opportunities for 
migratory labor as well. A thorough understanding of all unbounded 
external economic systems which impact the household should be 
incorporated in the data collection. Only in this way can the long term 
effects of household interventions be adequately understood. More 
importantly, only in this way can "appropriate" interventions be devised.  
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POSSIBLE SOLUTIONS TO THE LIVESTOCK DILEMMA 
 
 Under present circumstances, solutions to the problem posed by 
livestock rearing for this area of Kordofan may not be devisable solely on 
the household level. Several micro-level farm household interventions have 
been proposed, but each seems to have its limitations. One such strategy 
advocates making cropping more viable, so that farmers would be less 
dependent upon livestock. But increases in crop production would likely 
increase the cash available to farmers and animals are the most likely 
source of investment. Cottage industries are of limited investment 
potential because the villages in which most of these farmers live already 
tend to be saturated with such industries. Unless other viable 
alternatives for investment are created, such a solution would only 
exacerbate the situation. 
 
 Another strategy which has been proposed is to introduce animal 
traction into the area. The belief is that this would put an emphasis on 
animal quality, rather than quantity and farmers would systematically 
reduce the size of their herds in favor of higher quality animals. 
However, the introduction of animal traction might also lead to increases 
in crop production and farmers would still be faced with the same 
investment problems. 
 
 One other household level solution which might change current 
patterns of resource exploitation is to promote cooperative agreements 
among village livestock owners to regulate grazing rights on lands 
adjacent to their village. This would have the effect of bounding the 
system and put resource use directly under their control. Rotational and 
deferred grazing systems could be set up to improve the long-term range 
carrying capacity (Hunting Technical Services Limited, 1980). 
 
 Unfortunately, one danger that could occur with this solution is 
that competition and probably open hostility would arise between farmers 
and nomads should such measures be put into effect. Nomads would find it 
unacceptable to be denied grazing lands which they have traditionally 
exploited over the years. To avoid conflict, rental agreements would have 
to be set up between farmers and nomads to insure nomad access to pasture. 
 
 This solution, perhaps, is the most viable one to be proposed given 
the present circumstances found in the Sudan. However, such cooperative 
agreements over grazing rights will not come about unless the 
participating farmers can be assured that their herds and not their 
neighbors' will benefit from such agreements. 
 
 As long as range lands are communally owned and cooperative 
agreements among farmers cannot be established, outside government 
intervention is probably the only feasible alternative to regulating these 
resources. Government regulatory policies would have to be set up to 
insure that livestock numbers do not exceed the carrying capacity of the 
range. This would involve resource inventories of the area and possibly 
restricting the numbers of grazing animals. 
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Problems would arise however, in devising a system of grazing 
control which would achieve an equitable distribution of rights to 
sedentary and migratory livestock owners and yet contain the essential 
degree of flexibility (Hunting Technical Services Limited, 1980). In 
addition, it is difficult to imagine that the present government 
administration has the capability of enforcing the regulatory policies 
that are necessary to carry a range management system such as this to 
success. Unless such a capability is developed, the existing problems 
posed by animal husbandry will continue. 
 

One other macro-level government solution which could have an impact 
on livestock numbers is to institute marketing procedures which base 
prices on quality rather than quantity. This would provide an incentive 
for farmers to focus on the type of animal being reared rather than the 
number of animals. Price differences would have to be significantly high 
enough for better quality animals to bring about any perceivable change in 
ownership patterns. At present, such quality control measures have not 
been instituted. 
 
 
CONCLUSION 
 

Farming systems research is an effective approach to understanding 
the internal economy of the farm. However, as it presently is being 
implemented, it is insufficient to fully grasp the long-term effects of 
livestock rearing. Because the household is the central focus of research, 
external economies which impact the household are poorly understood. The 
livestock system is one such external economy because of the communal 
nature of grazing rights. Farmers are plugged into such an external system 
through livestock ownership. For this reason, FSR approaches should be 
combined with more macro-level resource use surveys to fully understand 
the impact that these external systems have on households. Only in this 
way can the long-term effects of household interventions be taken into 
account. Likewise, not all solutions to problems posed by livestock 
rearing are devisable from a FSR household level approach. Along with 
cooperative agreements established among farmers over grazing rights, 
macro-level solutions on the part of the government may be necessary to 
deal with these problems. Until a capability to regulate open ranges 
develops, the environmental problems posed by animal rearing in the  
western Sudan will continue. 
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Table 1. Average Number of Animals Owned by Type Beast (n=206) 
 

Type of Animal* Average Number Standard Deviation Range 
 
Animal Total 

 
17.56 

 
29.30 

 
0-193 

Cattle  4.81 14.83 0-150 
Goats  4.94 16.35 0-130 
Donkeys  1.14  1.11 0-  6 
Camels  .51  4.25 0- 60 
Horses 
 

 .10 
 

 .36 
 

0-  3 
 

 
* Although poultry such as chickens and pigeons are commonly owned by most 
farmers in this area, accurate figures of these are difficult to obtain. 
For this reason they will be excluded from our analysis. 
 
 
 
 

Table 2.  Distribution of Farmers by Type of Animal Owned (n=206) 
 
 None 1-5 6-10 More than 10 
Type of Animal Freq. % Freq. % Freq. % Freq. % 
 
Cattle 

 
125 

 
61 

 
44 

 
21 

 
18 

 
 9 

 
20 

 
10 

Sheep 162 79 14  7  8  4 22 11 
Goats  41 20 80 39 50 24 35 17 
Donkeys  57 28 147 71  2  1  0  0 
Camels 179 87 26 13  0  0  1 .5 
Horses 
 

188 
 

91 
 

18 
 

 9 
 

 0 
 

 0 
 

 0 
 

 0 
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Table 3. Correlations Between Main Wealth Indicator (Total Area 
Cultivated) and Type of Animal Owned (n=206) 

 
Type of Animal Pearson’s r Coefficient Probability N 
 
Animal Total 

 
.36 

 
.0001 

 
n=206 

Cattle .25 .0004 n=206 
Sheep .22 .0019 n=206 
Goats .41 .0001 n=206 
Donkeys .34 .0001 n=206 
Camels .02 .7779 n=206 
Horses 
 

.25 
 

.0003 
 

n=206 
 

 
 

Table 4. Ownership of Animals Per Farmer by Accessibility of Water 
 
Type of Animal N Mean T-Value Probability 
 
Cattle 

 
 

 
 

 
  

 Permanent Water Source 140 6.2357 2.0304 .04  No Permanent Water Source  66 1.7727 
 
Sheep     

 Permanent Water Source 140 6.4571 1.9507 .05  No Permanent Water Source   66 1.7273 
 
Goats     

 Permanent Water Source 140 5.9786 -0.2723 .79  No Permanent Water Source  66 0.8939 
 
Donkeys     

 Permanent Water Source 140 1.2500 2.1693 .03  No Permanent Water Source  66 0.8939 
 
Camels     

 Permanent Water Source 140 0.6357 0.6434 .52  No Permanent Water Source  66 0.2272 
 
Horses     

 Permanent Water Source 140 0.1285 
1.5430 

 
.12 
  No Permanent Water Source 

 
 66 
 

0.0454 
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Table 5. Correlations Between Area Planted in Sorghum 
And Types of Animals Owned 

 
Types of Animal Pearson’s r Coefficient Probability N 
 
Animal Total 

 
.28 

 
.0001 

 
N=206 

Cattle .36 .0001 N=206 
Goats .22 .0001 N=206 
Donkeys .28 .0001 N=206 
Horses .18 .0081 N=206 
Sheep .06 .3973 N=206 
Camels 
 

-.007 
 

.9195 
 

N=206 
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APPLICATION OF FARMING SYSTEMS RESEARCH AND DEVELOPMENT TO AN EXTENSIVE, 
SEDENTARY LIVESTOCK PRODUCTION SYSTEM IN SOUTHERN KORDOFAN, SUDAN 

 
R.H. Cook,1 W.T. Bunderson,1 B. Fadlalla,2 D.D. Dwyer,3 

J.B. Henson4 and J.C. Noel4 
 
 

Introduction 
 
 

In recent years, agricultural development activities have begun to 
emphasize an approach which departs from traditional commodity and/or 
discipline oriented ones. These Farming Systems Research and Development 
(FSR&D) efforts are attempting to improve agricultural production by 
focusing on the producer, gaining an understanding of the production 
system and identifying and testing interventions directed to removing or 
modifying production constraints within the producers own context (Shaner, 
W. W., et al, 1982). Most of these efforts have emphasized cropping 
systems with little attention to livestock components or systems. 
 

In the developing countries, livestock contribute significantly to 
the nutrition and well-being of millions in the form of meat, milk and 
other lactic products, labor, manure, fiber and hides (Winrock Inter-
national, 1981). Livestock, especially ruminant livestock, can convert 
plant 
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materials not usable directly by man for food into forms able to be used 
as important sources of nutrition. In addition, livestock can utilize 
large land areas with associated plant resources that are not suitable for 
cropping. Thus, livestock in most developing countries are a part of the 
agricultural production systems and as such, should be included in the 
FSR&D activities directed to improving agricultural production. 
 

The Western Sudan Agricultural Research Project (WSARP) is a part of 
the Agricultural Research Corporation that is carrying out research in the 
Kordofan and Darfur Regions of Sudan directed to improving agricultural 
production in the traditional, rain-fed sector. The project is addressing 
both crop and livestock components of the production systems. As a result, 
the project, jointly funded by USAID, the World Bank and the Government of 
Sudan, is attempting to integrate crops and livestock into the FSR 
approach. Sedentary, transhumant and nomadic production systems all exist 
in the research area. Due to time and space limitations, however, only one 
of these under study by project scientists will be presented here. 
Addressed will be the application of FSR&D to an extensive, sedentary, 
livestock production system in Southern Kordofan, Sudan. 
 

Farming Systems Research and Development in Livestock Systems 
 

Livestock offer high potential for contributing to the world food 
supply and the economic stability and self-sufficiency of developing 
countries. Moreover, as human populations continue to grow, the dependency 
on extensive systems of livestock production will increase. At present, 
the world ratio of livestock to people is two animals for every three 
humans. Although an estimated 60 percent of the livestock population 
occurs in developing countries, this 60 percent produces only as much food 
and fiber as the 8 percent of the world's livestock population found in 
the United States, illustrating the large opportunity for improved 
productivity in developing 
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countries (Hodgson, 1975). Given this potential and the vast size of the 
world's range and livestock resources, a relatively small improvement in 
production can lead to a dramatic increase in the food supply. 
 

This paper will address the application of a form of FSR&D to an 
extensive, sedentary, livestock production system, as contrasted to 
extensive, pastoral systems and to intensive systems in which livestock 
are fed intensively, as exemplified by feed lots, etc. 
 

Significant increases in extensive animal production generally 
necessitates improvements in the range and forage resources which supply 
the majority of the nutrients. In the present situation described herein, 
forage from range sources provides most of the nutrition, although crop 
residues also play a role. Improvements in range and forage availability 
must be accompanied by more efficient resource utilization, improved 
livestock husbandry and management, disease control, improved marketing 
facilities for increased off-take and others. Also, because of pressures 
from expanding human and livestock populations, traditional systems of 
management must adapt to the dynamics of rapidly changing human and 
biological environments in order to remain viable and productive forms of 
land use. 
 

Strategies designed to increase livestock production in extensive 
pastoral systems have generally had limited success, primarily because of 
the approach(s) used were firmly imbedded in western ideals, with 
attention focused on commodity and applied research lines (Henson and 
Noel, 1982). Many of these livestock-related development efforts have 
addressed the symptomatic features of specific constraints rather than 
causalities which operate in a dynamic and interactive nature with 
ecological, biological and socio-economic components of the systems. 
Failure of these attempts at livestock production improvements, especially 
in the rangeland areas of Africa, is attributable in part to the 
introduction of developments which emphasize or cater to increase in 
animal numbers in the absence of adequate regulating mechanisms for 
increased off-take and controlled grazing. The 
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outcome has frequently been a severe imbalance between livestock numbers 
and the forage supply, which is manifested in the deteriorated condition 
of the resource base and lowered animal productivity. 
 

In some production systems, especially in arid and semi-arid Africa, 
the economics of the household may be dominated by livestock, as in the 
traditional pastoral systems, although cropping components are usually 
included. In other circumstances, crop production is the mainstay of the 
household economy, with livestock playing an important, but less dominant 
role. In many instances, these two circumstances, one dominated by 
livestock and the other by crops, interface and frequently are in conflict 
with each other. 
 

As indicated previously, the initial focus for FSR&D activities has 
been on traditional agronomic systems (Byberlee, D., et al, 1980). This 
focus resulted from the bias of those who pioneered FSR&D and the 
environmental setting which in many cases provided a favorable opportunity 
for improving crop production. Extremely important for the success of 
these activities has been the ability of the producer to exercise relative 
control over the resource base and the ability to modify it in response to 
appropriate technological innovations. In most of arid and semi-arid 
Africa, where extensive livestock systems predominate, livestock producers 
are faced with some fundamentally different problems than are their 
agronomic counterparts. An appreciation and understanding of these 
differences and an assessment of their impact on the operation of 
extensive livestock systems is critical when designing FSR&D strategies. 
While FSR&D offers an opportunity to successfully address production 
constraints faced by extensive livestock producers, the focus of these 
activities may diverge somewhat from traditional FSR&D strategies applied 
to tillage-intensive small hold producers. 
 

Because of the nature of the land-tenure system in most of arid and 
semi-arid Africa, livestock producers do not have the authority or 
generally the ability to control land use practices. Factors such as a 
high incidence of burning, shifting and fallow systems of cultivation, 
excessive livestock 
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densities and untimely grazing have collectively contributed to an 
accelerated deterioration of the primary resource base, the most important 
component of the system for sustaining animal production. This "tragedy of 
the commons" has been exacerbated by the conflicting interests of various 
interacting groups who have tended to view the use of the natural 
resources in the context of exploitation, where rational concepts of 
resource management and conservation have been virtually nonexistent. 
While it may be argued that sedentary cultivators also function in systems 
without land tenure, the fact remains that farmers exercise a considerable 
degree of control, not only over land use for cultivation, but how it is 
manipulated to produce a given crop. A basic difference between cropping 
and extensive livestock systems is the greater manipulative power of the 
cultivator, functioning in response to prevailing socio-economic and 
environmental conditions to alter the resource base in a way which may 
best fulfill his/her household needs. Moreover, the level of control 
exerted over a resource base by an individual or group is inversely 
related to the degree of mobility associated with the production system in 
question. In this regard, agronomic systems exhibit considerably less 
mobility than extensive livestock systems, which because of their highly 
mobile nature; exert little, if any, control over the natural resource 
base other than opportunistic exploitation. In terms of addressing 
resource deterioration problems in extensive livestock systems, FSR&D 
activities must function within an operational framework constrained by 
the "tragedy of the commons." 
 

Another major distinction between cropping and extensive livestock 
production systems is related to the inherent difference between plant and 
animal systems. Within the traditional setting, agronomic systems often 
lend themselves to short-term payoff-types of interventions more readily 
than do livestock systems. Thus, the timeframe for effecting a noticeable 
improvement in cropping systems is generally shorter than for livestock 
systems. The productivity of the cropping systems is usually expressed as 
annual yield increments, which are relatively independent of each other, 
i.e. kilogram/hectare/year. In livestock systems, however, productivity is 
stated in terms of accumulated output over the lifetime of the animal, 
i.e. 
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the number of offsprings/lifetime/breeding female. This extended time-
frame for achieving production objectives has an important impact on risk 
for livestock producers. While most traditional producers generally adopt 
a management philosophy designed to minimize risk and catastrophic 
production failure, the biological nature of the agronomic system often 
assures a shorter-time-frame for recovery from a production failure than 
is the case for livestock systems. These and other functional differences 
between agronomic and extensive livestock systems, especially pastoral 
systems, have important implications for prioritizing the objectives and 
strategies for FSR&D activities. In the case of a livestock system, the 
inability of producers to control and manipulate the resource base, their 
mobile nature and inaccessibility, the opportunity to readily accumulate 
animals, and the attractiveness of livestock for investment due to absence 
of alternative investment opportunities collectively define an unstable 
system. This instability results from conditions where the incentives for 
increasing the animal component are coupled with an inability to manage 
the natural resource component. The result is a system which is more 
susceptible to extreme fluctuations and potential collapse than agronomic 
ones. 
 

An operational framework for implementing FSR&D activities designed 
to achieve long-term stability and improvement in extensive livestock 
productivity is illustrated in Figure I (Shaner, W.W., et. al., 1982; 
Collinson, M.P., 1979; Byberbee, D., 1980; Byerlee, et. al., 1982). The 
stages in this framework are consistent -with those of the "classical" FSR 
approach. The goal of this approach is to improve the welfare of tradi-
tional livestock producers and their households. The fundamental short-
term objective is to add stability to the system. Accordingly, evaluation 
of the forage resources, of the potential for improving productivity 
within the animal component and of the market forces at the producer level 
is stressed at the diagnostic activity level. Constraints to production 
which are identified during reconnaissance surveys are evaluated at this 
stage. During reconnaissance, considerable effort is made to clearly 
identify constraints which are research-able, apply across established 
recommendation domains and are perceived by producers as important. A 
research domain(s) is then 
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developed that will address the causes of these constraints with the 
purpose of providing appropriate technological interventions, if such are 
not already available. This is the most critical stage in this FSR&D 
framework, for it is at this stage that the FSR&D program resources are 
prioritized and research programs are implemented. For livestock systems, 
program resources could well be allocated for several years or more. 
Therefore, careful consideration must be given to the establishment of an 
appropriate research domain. 
 

The operational framework given in Figure I has been used in the 
research reported here. It should be recognized, however, that the 
traditional sedentary system of extensive livestock production described 
herein interacts with an extensive pastoral system with both competing for 
the same forage resources. Thus, the natural resource base is impacted by 
more than the sedentary producers in the Nuba mountains, in this case, 
with competition and the resultant further lack of attention to managing 
the resource base. 
 

The Target Area and Group 
 

Sudan is the largest country in Africa, with a total land area of 
approximately 2.5 million km2 and over 20 million people. Topographically, 
the country is a vast plain with only occasional hills and mountain ranges 
such as the Red Sea Hills in the Northeast, Jebel Marra in the West, the 
Nuba Mountains in the central portion, and the Imatong Mountains in the 
South. Sudan encompasses a diverse array of ecological zones which roughly 
follow a north-south precipitation gradient ranging from desert conditions 
and sparse scrubland in the north, grading through arid and semi-arid 
brushlands and wooded savannas, to lush grasslands, tall woodlands, and 
closed-canopy forests in the south (Figure II). It is estimated that the 
potential livestock utilization of these zones represents 57 percent of 
the country (1.4 million km2) with 79 percent of this figure (45 percent 
of the country) 
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occupying arid and semi-arid ecological zones. Sudan's national herd 
currently numbers approximately 53 million head, with 18 million cattle, 
19 million sheep, 13 million goats and 3 million camels (Winrock, 1981). 
 

In 1974-75, studies were carried out by the Government of Sudan, 
which resulted in a decision to emphasize agricultural production by the 
traditional, rain-fed sector in the western part of the country. This 
decision resulted in the initiation of several external, as well as 
domestically funded projects, designed to address agricultural production 
in the West. Thus, a policy decision was made by the Government which 
established the national/regional policy domain (See Figure I). Further 
study established the recommendation domain in the Nuba Mountains region 
of Kordofan (See Figure III). 
 

The rural population of the Nuba Mountain Region is about 1.1 
million people and contains an estimated livestock population of 1.9 
million cattle, 0.9 million sheep and 0.8 million goats (Regional Animal 
Disease Control Project, 1981). The Nuba Mountain region was selected as a 
target area by this research project for several important reasons. In 
addition to being a major crop-producing area, particularly for sorghum 
and cotton, the region supports a rural population of over 500,000 at a 
density substantially higher than any area of comparable size in Western 
Sudan (Hunting Technical Services, 1981). The Nuba Mountains are also 
utilized by large numbers of sedentary and migratory livestock with over 
500,000 cattle, 250,000 sheep, and 400,000 goats and contain some of the 
most productive rangeland in the west. Moreover, because of its extensive 
crop and livestock components as well as its productive land resource 
base, the area offers high potential for improving the integration of 
crops and livestock, and hence the productivity and stability of 
agriculture in traditional households. 
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Characteristics of the Recommendation Domain 
 

The collation and analysis of secondary sources of information were 
augmented by extensive reconnaissance surveys designed to establish 
recommendation domains on the basis of homogeneous characteristics and to 
identify important constraints to production in the Nuba Mountain Region. 
 

The region is roughly 50,000 km2 in size and lies in the semi-arid 
savanna belt of Sudan near the central part of South Kordofan Province 
(Figure III). Rainfall occurs in a single season between May and October 
with an annual mean ranging from 600 mm in the north to over 800 mm in the 
south. Topographically, the Nuba Mountain region is characterized by flat 
or gently undulating plains of cracking and noncracking clays, 
interspersed with small ranges of hills and their associated footslopes of 
coarse-textured sandy loams and clays. The footslopes and hills, which 
rarely rise more than 300-500 m above the plains account for about 40 
percent of the land surface with the plains occupying the remaining 60 
percent. 
 

Vegetation is closely related to soil type and topography, and 
although typically homogeneous in nature, is broadly distinguished by four 
major divisions: (1) deciduous broadleaf wooded savanna on hills and 
footslopes; (2) semi-deciduous thorn and broadleaf wooded-bush savanna on 
clay plains; (3) riparian woodlands associated with alluvial drainage 
lines; and (4) seasonally inundated grasslands in depressions of dark 
cracking clays. 
 

The rural population of the region is dominated by various tribes 
collectively known as the Nuba, which include several groups originating 
from southern Sudan. An increasing tendency for sedentarization and 
cultivation among Arab groups is also readily apparent. However, strong 
differences in the location and ethnic backgrounds between Nuba and Arab 
groups reflect major distinctions in household organization and resource 
allocation for 
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crop and livestock production activities. For the purposes of this paper, 
the discussion will be confined to the recommendation domain represented 
by the Nuba sedentary system of production. 
 

Agricultural activities within the traditional sector of the Nuba 
are centered on cultivation, although livestock form an important 
component, particularly for investment opportunities and risk 
diversification in years of low crop yields. The household is the 
residence of a nuclear family composed of a married couple and their off-
spring. Households typically consist of a ring of huts which are attached 
by a common wall with a roofed or open-air compound in the center. The 
huts and compound are generally separated into sleeping quarters for 
different age and sex classes of the family. Individual huts are also used 
as kitchens, granaries, and us housing for young livestock, particularly 
kid goats and pigs. 
 
Crop Production: 
 

Crop production is based on a bush-fallow system of cultivation 
which focuses on sorghum as the principal field and food crop. Households 
generally cultivate land at several localities. The most common are (1) 
house gardens where early maturing varieties of sorghum are grown with 
maize, millet, and small quantities of okra, red pepper, tomatoes, melons, 
and gourds; (2) hillside and footslope plots, called near farms, where 
pure stands of groundnuts are cultivated as well as longer maturing 
varieties of sorghum, frequently intercropped with sesame or cowpeas; and 
(3) far farms, perhaps two or three km from the living compound, almost 
invariably located on cracking-clay plains where most of the late-maturing 
sorghum is cultivated, often along with crops of sesame and cotton. Many 
of the crops grown are used for both home consumption and for cash, with 
sesame, groundnut, and cotton representing the major cash corps. Cropping 
activities are principally the responsibility of adults, while children 
and adolescents handle household chores and livestock herding. Details of 
cultivation practices and the location of crops grown in relation to the 
household and the distribution of soils are summarized in Table 1. 



 295 

The most important constraints affecting the agronomic component 
are: (1) depletion of soil fertility due to excessive, continuous cropping 
and lack of adequate crop rotation systems, (2) debilitating effects of 
weeds, especially Striga spp., (3) late planting and weeding, which 
sometimes reflect shortages of labor, (4) bird and various insect pests 
which consume grain during planting and harvesting, and affect rates of 
germination and plant vigor and (5) smut and other plant diseases. 
 
Livestock Production 
 

Livestock production among the Nuba is dominated by cattle and goats 
and based largely on a sedentary system of management. Sheep and pigs are 
also raised in varying numbers according to location and the influence of 
Islam. Patterns of resource utilization are characterized by relatively 
unrestricted grazing and high mobility, frequently involving a seasonal 
sequence of movement between hilltops in the rainy season and the 
cracking-clay plains during the dry season. 
 

Because crop cultivation is primarily the responsibility of adults, 
while herding is entrusted to young boys and teenagers, conflicts over the 
allocation of labor is minimal. Generally, cattle owned by several 
households are herded together and maintained separate from small 
ruminants, because of differences in their feeding habits and water 
requirements. In the rainy season, cattle commonly spend two to three 
months in the hills where special bush-enclosed cattle camps are 
constructed which house both the herders and animals. This seasonal 
pattern of cattle movement has evolved as a rational response to the 
biting insects and muddy cracking clays during the rains. Sheep and goats 
at this time are grazed relatively close to the household on footslopes 
and hillsides. Extra care is devoted to keep all livestock away from 
cultivated plots during the cropping season. 
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Since small ruminants invariably return to the household in the 
afternoon or evening, it is often necessary to erect thorn-bush fences 
around near farms and house gardens to avoid crop damage by them. 
 

At the start of the dry season, cattle are brought down from the 
hills to graze on the footslope and lower hillsides, and to take advantage 
of crop residues following the harvest of early-maturing crops. Crop 
residues are not collected and stored for use as livestock feed during the 
dry season. As the dry season progresses, large and small ruminants graze 
more frequently on the clay plains continually being forced to travel 
longer distances for water and forage. Crop residues from the main sorghum 
harvest in the far fields during December and January provide a valuable 
source of fodder for the mid-part of the dry season, but these are rather 
quickly used. By the end of the dry season, grazing is confined almost 
exclusively to the cracking clays and cattle frequently travel 20-25 km 
daily to and from water. Sources of water for livestock vary according to 
season, but are generally widespread in and around the hills during the 
rainy season. However, most of these supplies are ephemeral so that water 
availability is extremely limited during the dry season, being confined 
largely to scattered sites of shallow, hand-dug wells with occasional 
government wateryards (boreholes) and hafirs (machine-excavated reservoirs 
in the clay). 
 

Herd sizes and compositions of cattle and goats in typical 
households are presented in Tables 2 and 3, along with important 
production variables. Cattle have low productivity with slow rates of 
growth and maturation, extended calving intervals and relatively high 
morality. Goats by contrast show far superior performance with fairly high 
outputs for production and herd compositions containing a high proportion 
of breeding females. 
 

Preliminary identification of production constraints was based on 
frequent interviews with producers coupled with empirical field 
observations for added credibility to answers given. The importance of 
developing close relationships with cooperating individuals was 
emphasized, since information obtained from new acquaintances often proved 
to be misleading. 
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Livestock constraints are (1) low planes of nutrition during the dry 
season; (2) poor water availability; (3) insect and parasitic pests; and 
(4) outbreak of contagious diseases such as pleuro-pneumonia and 
rinderpest. Causal factors associated with these conditions were addressed 
through appropriate diagnostic procedures in the formulation of research 
domains. 
 

Research Domain 
 

Fundamental to establishing a domain for research is a sound 
understanding of the functional characteristics of the crops and livestock 
production system whereby the causalities of particular constraints can be 
diagnosed and investigated. Although the Nuba sedentary system is 
dominated by crops, livestock play a crucial role in overall production 
and marketing. The interacting and dynamic nature of these various 
agricultural activities is graphically depicted in Figure IV. 
 

The development of research priorities for specific recommendation 
domains must be consistent with the ecological and land-use potential of 
the environment to avoid implementing strategies which lead to undesirable 
long-term consequences. Because the Nuba Mountain Region enjoys the 
benefits of a productive land resource base, cultivation must form a 
dominant component to any research effort that is developed. However, crop 
production utilizes only 40 percent of the land area, leaving 60 percent 
to be used by livestock. Given the physical and biological nature of the 
region, improvements in the integration of livestock with current cultiva-
tion practices offer high potential for increasing the productivity and 
stability of the traditional household. Much of the impact from 
integrating crops and livestock production will be felt through increased 
production, greater opportunities for investment, the purchase of crop and 
animal inputs and reduced risk by diversifying production activities. For 
these and other reasons, livestock are also considered important in the 
development of a research program for traditional sedentary producers in 
the Nuba Mountain 
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area. Due to the livestock focus of this paper, the remaining discussion 
will be confined largely to the livestock-related aspects of the Nuba 
sedentary system. 
 
Production Constraints in the Livestock System 
 

The ultimate factor determining the potential for any significant 
improvement in livestock production under extensive systems of management 
is the forage resource base and its role in animal nutrition. Research 
must therefore address the important elements associated with the 
relationship between existing patterns of resource utilization and the 
current and potential productivity of the forage base. In terms of 
livestock production, the nutritional status of animals has major 
implications regarding key animal production variables such as growth 
rates, parturition intervals, milk yields and mortality, as well as the 
susceptibility of animals to disease and their ability to withstand harsh 
environmental conditions. The dynamic nature of these interactions 
necessitates a research approach that is comprehensive and holistic. 
Factors of particular importance involve the assessment of various land-
use practices in terms of their efficiency and their impact on the natural 
resource base. 
 

Initial diagnostic activities with livestock in the Nuba Mountain 
region focused on constraints relating to poor animal nutrition during the 
dry season. The purpose of these investigations was to isolate the 
principal causalities of specific constraints, and then to address 
appropriate solutions to overcome or reduce their detrimental effects. 
Problems posed by inadequate nutrition during the dry season are generally 
a function of low forage quality and availability, which in turn is 
influenced by a number of interrelated factors. These are summarized as 
follows: 
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1. Rangeland Deterioration: The deteriorated condition of rangelands in 
the Nuba Mountain area is characterized by reduced forage availability, 
replacement of desirable plants by species of low palatability and 
nutritive value and varying degrees of soil erosion. These factors 
collectively have lowered the livestock carrying capacity of the 
region. Range degradation is primarily the result of the frequent and 
widespread incidence of burning, which not only consumes vast 
quantities of forage, but also leads to undesirable changes in the 
structure and composition of the vegetation, and promotes soil erosion 
through increased run-off and desiccation of the soil.1 Fires occur for 
a variety of reasons, the most important being due to conflicts and 
competing interests between sedentary farmers and migratory livestock 
producers, and also to carelessness on the part of honey gatherers and 
charcoal makers. 

 
2. Inefficient Resource Utilization: Existing patterns of grazing are 

inefficient in terms of available resources. Forage utilization in the 
dry season is such that as forage declines in abundance and quality 
with animals being forced to travel long distances to and from water. 
The net result is that animals develop a negative energy balance, This 
causes severe losses in weight and a decline in growth rate and 
reproduction. 

 
A fundamental characteristic of current grazing practices is their 
exploitative nature and absence of rational concepts of forage 
conservation, either as established reserves for dry season grazing, or 
as harvested native hay for use during periods of critical forage 
storage. In addition, the prevailing system of bush-fallow cultivation 
on the cracking clays is poorly integrated 

 
 
1 In South Kordofan, as much as 50 percent of the province is burned 
yearly, amounting to an annual loss of 15-24 million tons of forage 
(Bunderson, 1984) 
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with livestock production. After harvesting late maturing varieties of 
sorghum in the far fields, the fields and associated crop residues are 
available for use by the general public and their livestock so that the 
crop producer has little opportunity to make use of the residues from 
his/her own field. Another part of the problem is the shortage of labor 
necessary to transport and store the crop residue for use later in the 
dry season before it is  consumed on-site by livestock of others. 
 
The extensive system of fallowing in the cultivation cycle also has 
important implications regarding available land for grazing and the 
quality of forage from fallow areas. Under current practices, cracking 
clays are cultivated continuously for 6-10 years followed by a fallow 
period averaging 10-15 years. This means that the amount of land in 
fallow is considerably larger than that under cultivation, thus 
reducing the forage producing area. 

 
3. Water Availability: Water in the dry season is extremely limited in 

distribution. It is estimated that more than 30 percent of the 
rangeland areas in South Kordofan are unutilized by livestock due to 
the lack of dry season water. The scarcity of this essential resource 
leads to localized high concentrations of livestock and intense 
competition for grazing around the few available water supplies. 

 
Technological Activities/Applications--Extension Domain 

 
Several technological interventions have been identified in our work which 
address specific constraints causing the low plane of animal nutrition 
during the dry season. Trials conducted with small groups of selected 
producers in the researcher-managed model for initial evaluation and 
testing 
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are underway and should lead to more widespread application of interven-
tions. The fundamental characteristics of proposed technologies are 
outlined below: 
 

1. Introduction of Forage Legumes: The primary objective for 
introducing adapted forage legumes into the existing system of bush-
fallow cultivation is to provide a readily available source of high 
quality forage to livestock during the critical part of the dry 
season, while simultaneously improving the stability of cropping 
activities on the cracking clay soils. The maintenance or 
improvement in soil fertility should lead to an effective shortening 
of the fallow period and a significant reduction in the amount of 
land under fallow. The result will allow the development of more 
productive and palatable forage, as well as reductions in the labor 
demand needed in clearing new- or long-abandoned land. In addition, 
the scope for conflict between sedentary and migratory groups should 
be narrowed by the increased stability of the cropping system, the 
effect of which should help minimize the adverse consequences of 
range burning and its harmful impacts on forage conditions. 

 
Proposed procedures for introducing the use of forage legumes will 
involve planting well-adapted species on land to be left fallow, 
using a minimum of labor. Planting on fallow land is important 
because woody growth on areas previously  cropped for long 
periods is less severe, thereby allowing better and more rapid 
establishment of the legume crop. Harvesting will be carried out by 
hand, with locally-made sickles at the end of the rainy season. 
After sun drying in the field for one or two days, the legume hay 
will be transported to a secure storage site, using ox-drawn carts. 
Supplemental feeding of the legume hay will be provided for a 60-90-
day period, during the most forage-limited time of the dry season, 
to animals selected by the producers. Animal production parameters 
such as weight changes, milk yields 
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and overall body conditions will be compared with a control group of 
animals on a cost-benefit basis, and evaluated in terms of technology 
acceptance by the producer. Project efforts to establish forage legumes 
on fallow land are currently underway. 

 
2. Conservation of Native Forage: Much of the range vegetation produced on 

the cracking clays is not used until the dry season, at which time the 
forage has declined sharply in both quantity and nutritional value. The 
result is the loss of productive, valuable forage to the range-
livestock system. In the absence of adequate wet-season grazing, 
coupled with poor quality pasture during the dry season, the harvesting 
and storing of native forage at or prior to the flowering stage would 
greatly enhance animal nutrition during critical periods in the dry 
season. It would also make more efficient use of the range resource at 
its peak productivity and forage value. 

 
The results of the initial year of research on conservation of natural 
forage indicates acceptance by the producer and an understanding of the 
potential benefits from such during the dry season. Labor for cutting 
the forage is an important constraint to its widespread application. 

 
3. Use of Crop Residues in the Cracking Clays: Crop residues following the 

major sorghum harvest on the cracking clays offer a potentially source 
of fodder for dry season use by livestock. However, under current 
practices, the producer is unable to make efficient use of crop 
residues in his fields, due mainly to lack of labor in securing control 
over the resource before it is consumed by the livestock of others. The 
introduction of animal power with ox-drawn carts provides a potentially 
attractive and cost-efficient method of overcoming labor constraints 
associated with transporting large quantities of supplemental feed. The 
oxen and carts can also be used in transporting hand-cut hay from 
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natural pastures and legume crops as well as a variety of other 
uses, such as transporting harvested grain and oil-seed crops from 
the far fields, charcoal, water, manure and construction material 
for the household. Ox-drawn carts also  provide the rural producer 
with better access to markets and greater opportunities for 
increasing his/her household income. 

 
4. Animal Traction: Animal traction has not been utilized by producers 

in the Nuba Mountain region. Its potential adoption and use by the 
small producers in the area is being investigated by others in 
cooperation with this project. Early activities indicate a favorable 
response on the part of the producers to the use of animals for 
traction and for pulling carts. The potential for using draft animal 
power for forage conservation and transport have been addressed in 2 
and 3 above. 

 
DISCUSSION 

 
The research reported here is part of a larger undertaking 

emphasizing integrated crop-livestock production which involves systems in 
which crops dominate in some and livestock in others, but both crops and 
livestock are important components of all. Although this work is in its 
early stages, several factors impacting on the integration of livestock 
into FSR&D activities are evident. Some of these factors are given below. 
 

Livestock play varying, but important roles in all the systems 
encountered in the research area. In some instances there is a transition 
from sedentary livestock production to transhumance and vice versa. In 
both cases, however, the forage resource base is utilized for communal 
grazing. 
 

For extensive livestock systems, as pointed out elsewhere in this 
paper, questions of land tenure, especially relating to communal land use, 
and of maintenance and/or improvement of the resource base are fundamental 
to the 
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long-term support of these extensive livestock systems. There is a general 
paucity of information concerning both the livestock systems and the land 
and forage resources, especially in Africa. One approach to addressing 
this problem which has a number of proponents is to sedentarize the 
pastoralist. However, the need for these and alternative policy decisions 
to be based on valid information and criteria is evident. In this regard, 
what role can FSR&D play in addressing these problems? Since policy 
decisions relating to land use and associated matters will have to be 
addressed, information impacting on such decisions by policy makers should 
be based upon the systems and the producers i.e. an FSR&D approach. Thus, 
Figure I indicates a flow of information from the recommendation domain(s) 
to the National/Regional Policy Domain. 
 

Livestock production, especially extensive systems, is more 
difficult to address in the FSR&D mode than are strictly cropping systems. 
This was addressed elsewhere in this paper. The validity of the approach 
indicates the need for its use to address livestock production and the 
integration of livestock and crops. In this regard, the traditional FSR&D 
approaches seem valid with some modifications to take into account factors 
or conditions unique to livestock. The Western Sudan Agricultural Research 
Project is attempting to address a number of these questions regarding the 
integration of crops and livestock, to address problems of the resource 
base, and to provide valid information for policy makers. Overriding 
requirements for success will depend upon a sufficiently long time-frame 
for project implementation, effective monitoring, evaluation and resultant 
changes in the project and the effective institutionalization of FSR&D 
into the existing national institutions. An important part of 
institutionalization is the training of developing country scientists to 
understand and participate in FSR&D activities and for them to be rewarded 
for such participation by their home institutions. 
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Figure I. 
 

Farming Research and Development for Extensive 
Livestock Production Systems 
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Figure II. 
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Figure III. 
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Table 1. Agronomic Characteristics of the Nuba Sedentary System 
 

 
CHARACTERISTICS HOME GARDENS NEAR FARMS FAR FARMS 
TOPOGRAPHY 
AND SOILS 

Footslopes/hillsides 
of sandy clays and 
loams located adja-
cent to the house-
hold or its 
periphery. 

Footslopes/hillsides 
of sandy clays and 
loams located 
generally less than 1-
2 km away. 

Plains of primarily 
cracking clays with 
use of some non-
cracking clays. 
Located 1-10 km away, 
commonly 5 km. 

CROPS RAISED Early-season 
sorghum Maise Red 
peppers 
Millet Tobacco Okra 
Tomatoes Squash 
Melons 

Medium-maturing 
sorghum 
Sesame*(mixed/sole 
crop) Cowpeas* 
(intercrop) Groundnuts 
* Grown with sorghum 

Late-maturing sorghum 
Sesame*(mixed/sole 
crop) Cowpeas* 
(intercrop) 
Cotton 
* Grown with sorghum 

AREA PLANTED Less than 1/4 ha 1/4 to 1 ha 2 to 8 ha 
PATTERN OF 
CULTIVATION 

More or less 
continuous cropping 
with manuring every 
year. Plot usually 
fenced. 

Long periods of 
continuous cropping 
made possible by 
manuring. Exhausted 
sites left fallow 5-15 
years. Plots are 
usually fenced. 

Bush-fallow system. 
Sesame or cotton 1st 
year with 5-10 yrs of 
sorghun, followed by 
6-20 years fallow. 

LAND 
PREPARATION 

Weed-clearing with 
short- and long-
handled hoes. Some 
brush/grass burning 
and rock clearing/ 
removal. 

Similar to house 
garden. Crude 
terracing serves to 
clear the site of 
rocks, retain water, 
and prevent 
soil/manure washing 
away. 

New land cleared with 
axes and hoes. Old 
grass sometimes burned 
to kill newly 
germinating weeds. Hoe 
cultivation also used. 

TIME OF PLANTING Mid to late June Early to late June Early to late July 
TIME OF WEEDING Late June, mid-July 

and mid-August 
Mid-July and mid-
August 

Mid-July and late 
August 

TIME OF 
HARVESTING 

Early-mid September Early to mid-September December-January 

YIELDS 
(KG/HA) 

600-800 kg/ha 
(sorghum) 

300-500 kg/ha (sesame) 
700-900 kg/ha 
(groundnut) 

700-1400 kg/ha 
(groundnut) 

DISPOSITION  
OF CROPS 

Mainly for 
household 
consumption prior 
to main sorghum 
harvest. 

Cash and for current 
season consumption. 

Sorghum mainly for 
fond; others largely 
for cash. 

SOURCE OF 
LABOR 

Both sexes, but 
mainly women. 

Both adult men and 
women. 

Both sexes, mainly 
adults dominated by 
men. Reciprocal work 
parties common. 

 
D1.16 (a) 
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Table 2 
 

NUBA SEDENTARY AGRO-PASTORAL SYSTEM - COMPOSITION 
AND PRODUCTION CHARACTERISTICS OF CATTLE 

 
SAMPLE 

 
Number of Animals Sampled 

 
569 

Number of Households  33 
Mean Animals/Household  17 

 
HERD COMPOSITION1 

 
Calves < 12 Months 

 
18.8% 

Females 12 - 24 Months  2.8% 
Males 12 - 24 Months  3.3% 
Females 2 - 4 Years  9.2% 
Males 2 - 4 Years  9.7% 
Females > 4 Years 46.1% 
Males > 4 Years 10.2% 

 
PRODUCTION CHARACTERISTICS 

 
Age at 1st Parturition 

 
4 - 5 Years 

Parturition Interval 22 Months 
# Offspring/Life-time of Breeding Female 3 - 5 
Milk Production2 2 teats/8-12 Months 
% Breeding Females 46.1% 
% Breeding Males 10.2% 
Neo-natal (pre-weaning) Mortality 15 - 25% 
Adult Mortality 10 - 20% 
Herd/Flock Production Index3 

 
 0.20 
 

 

1 Herd compositions calculated by examining all animals in 
household herds. 

2 Generally one-half the udder is taken for consumption from 
lactating females. 

3 Production indices = 12/parturition interval X ratio breeding 
Females in Herd X (1 - Neo-natal Mortality). 
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Table 3 
 

NUBA SEDENTARY AGRO-PASTORAL SYSTEM - COMPOSITION 
AND PRODUCTION CHARACTERISTICS OF GOATS 

 
SAMPLE 

 
Number of Animals Sampled 

 
121 

Number of Households   6 
Mean Animals/Household  20 

 
HERD COMPOSITION1 

 
Kids < 6 Months 

 
38.0% 

Females   6 - 12 Months 11.6% 
Males   6 - 12 Months  4.1% 
Females  13 - 24 Years 30.6% 
Males  13 - 24 Years  2.5% 
Females > 2 Years 13.2% 
Males > 2 Years   - 

 
PRODUCTION CHARACTERISTICS 

 
Age at 1st Parturition 

 
11-14 Months 

Parturition Interval 9 Months 
# Offspring/Life-time of Breeding Female 4-7 
Milk Production2 1-2 teats/4-6 Months 
% Breeding Females 55.4% 
% Breeding Males  6.6% 
Neo-natal (pre-weaning) Mortality 10-20% 
Adult Mortality 10-15% 
Herd/Flock Production Index3 

 
 0.63 
 

 

1 Herd compositions calculated by examining all animals in 
household herds. 

2 Generally one-half the udder is taken for consumption from 
lactating females. Amount taken is reduced for twin kids. 

3 Production indices = 12/parturition interval X ratio breeding 
Females in Herd X (1 - Neo-natal Mortality). 
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Figure IV. 

 
SPERES OF INFLUENCE FOR THE NUBA SEDENTARY AGRO-PASTORAL SYSTEM 

 
Circle sizes represent the relative sphere of influence of component parts of the 
system. The natural resource base ultimately determines how large a sphere becomes. 
Increases in specific components result in increases in the sphere of influence which 
may or may not be accompanied by increases in other components. Once the limits of 
the natural resource base are reached, further increases are possible through more 
efficient management and/r increased integration with other components. 
 
LEGEND 
 
Areas 1, 2 & 3 represent household decisions regarding (1) manuring of house gardens 
and near farms, and the use of crop-residues by livestock, (2) livestock husbandry 
and grazing management practices, (3) the market exchange of livestock and animal 
products, and the purchase of livestock inputs-such as drugs and supplemental feeds. 
Area 4 represents the sale of crops for various household needs, excluding livestock. 
Area 5 represents livestock market forces external to the household. 
Area 6 represents the market interchange between crops and livestock or their related 
products. 
Area 7 represents natural resources (land, forage, water, wood, etc) not currently 
utilized for reasons of unavailability. 
Area 8 represents household-market interactions not involving crops or animals raised 
by the household, e.g. clothes, tools, sugar, tea, etc. 
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A FARM SYSTEMS APPROACH TO SILVOPASTORAL AGROFORESTRY 
SYSTEMS IN THE SOUTHERN UNITED STATES 

 
 

Evert K. Byington 
 
 
 Because of favorable climate and soils, some of the world's major 
timber-producing regions have significant potential to support crop and 
pasture agriculture. Substantial acreages of these forested regions have 
already been cleared of trees, and as the population increases, there will 
be strong pressure to convert more of the remaining forested land. A major 
challenge is finding production methods to simultaneously increase food 
production while maintaining highly productive forests to supply essential 
timber products. The concept of agroforestry, which emphasizes production 
of food crops and wood products on the same land, promises to be an 
effective response to this challenge. 
 
 
DEFORESTATION AND AGROFORESTRY 
 
 The dramatic increase in interest in agroforestry in recent years 
reflects a growing awareness of worldwide deforestation. Estimates of 
tropical deforestation vary greatly due to limited data and variations in 
analytical methodologies. Nevertheless, even the low estimates (55,000 km2 
per year or 11 ha per minute) cause concern because many of the remaining 
forests are on land that is ecologically fragile due to topographic, 
climatic, and soil limitations (Myers, 1980). 
 
 The concept of agroforestry is a flexible one that offers many 
opportunities to develop and implement production systems to increase food 
production along with the output of wood products. Agroforestry should be 
considered a generic tern that encompasses such specific components as 
agrosilviculture (deliberate use of land for concurrent production of 
agricultural crops and forest crops), silvopastoral systems (forest 
management for wood production and the raising of livestock), and 
agrosilvopastoral systems (a combination of agrosilviculture and the 
silvopastoral systems) (King, 1979). 
 
 Although many opportunities exist for applying the concepts of 
agroforestry, the development of these oppor- 
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tunities has been limited in many locations. As with all agricultural 
production systems, many social, economic, political, ecological, and 
technological factors impact on the success of a particular agroforestry 
system in a specific location. Evaluating these many factors is always 
difficult, but the challenge is even greater in agroforestry because the 
objective is to combine the production, processing, and marketing of two 
or more products that tend to be very different, particularly in length of 
production cycles. 
 
 The relatively recent global interest in the concept of agroforestry 
and the long time frame required for many trees to grow has resulted in a 
situation where researchers are long on philosophy and short on practical 
field experience. We are particularly short of information on how 
agroforestry subsystems will respond when attempts are made to integrate 
them into existing patterns of land use. We need information now to 
evaluate alternative agroforestry systems prior to recommending 
implementation, but we cannot afford to wait for decades to find out how 
recently implemented research projects will work under local conditions. 
Thus, we must actively seek out existing examples of agroforestry 
production systems and gain what information we can to help in screening 
agroforestry alternatives. 
 
 
SILVOPASTORALISM IN THE SOUTHEAST U.S. 
 
 Unfortunately, massive deforestation is not a new phenomenon. In the 
late 1800s timber harvesting became big business in the southern United 
States, and by 1921 over 400,000 ha of land had been clear-cut of its 
timber. Since the land was owned by the timber companies, whose only 
interest was timber, it remained as wood crews left it--covered with 
stumps and strewn with crowns, unusable logs, and small trees. This blight 
would ultimately cover 1,400,000 ha across the South (Byington, 1982). 
 
 In April 1917 the "Cut-Over Land Conference of the South" was held 
in New Orleans, Louisiana, with more than 400 large landowners and state 
and federal experts present. The consensus of opinion was that the 
utilization of the cut-over lands in the near future depended on livestock 
grazing. Beef cattle experiments were established and the number of 
animals steadily increased from 19 million in 1920 to 41 million in 1974 
(U.S. Census of Agriculture). 
 
 By the 1930s, the nation fully realized that the forests were being 
exhausted and that massive reforestation 
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was needed. Fire prevention programs, expansion of the National Forest 
System, and government and tree-planting programs by government and 
industry led to a re-establishment of forestry in the South. But the 
expansion of intensive forestry into areas that were “open range” for 
livestock soon resulted in conflict. 
 
 Livestock grazing on the open range was so unregulated that 
overgrazing and poor animal performance were the norm. Only the small 
scrub cow could survive and produce a calf every 2 or 3 years with many 
calves failing to survive. Livestock management was little more than 
"survival of the fittest." The only forage management practice was fire 
that was used to control brush, kill insects, and to "freshen" the grass. 
Uncontrolled burning and overgrazing depleted the native grasses as well 
as preventing reforestation (Lewis, 1974). 
 
 Many factors combined to create an atmosphere favorable to the 
passage of fence laws that closed most of the southern range in the 1950s. 
One of the most important of these was a shift in the philosophy of 
livestock management in the South from extensive range to intensive 
pasture as the primary source of forage. Livestock producers found it was 
to their advantage to fence the land to protect their investment in 
improved pasture and animal breeding stock. This reduced the conflicts 
between many foresters and livestock producers but it did not eliminate 
interactions between livestock and trees. 
 
 Interest in truly integrating livestock grazing and forestry 
declined in the postwar years as land managers and researchers tended to 
concentrate on maximizing production per unit of land through 
establishment and maintenance of plant monocultures. However, the 
monoculture approach was not a suitable alternative in many land-use 
situations, particularly on the public lands. Therefore, a small number of 
researchers continued to develop integrative forest-management 
technologies. By the 1970s, a number of land managers on both public and 
private lands had applied portions of these integrated-use technologies 
successfully (Child and Byington, 1980). 
 
MANAGEMENT OF SOUTHERN FARM FORESTS 
 
 Farmers are the largest single group land owners in the South and 
are also the largest group of owners of forested land. Data in the 1978 
Census of Agriculture indicate that farmers owned 42% of the southern land 
area and about 



 316 

one-third (or 17.6 million ha) of their land was forested. Sixty percent 
of southern farms owned at least some forested land (Byington et al., 
1983). Thus, farmers could be among the primary users of the various 
technologies developed to improve forest management, particularly where 
livestock/forestry interactions occur. 
 
 In general, southern farmers are not managing their forested land 
intensively for either wood products or livestock grazing. In 1974, only 
6% of the southern farmers with forested land reported that they sold wood 
products that year, and reported grass earnings from wood product sales 
from the 17.6 million ha of farm forest was only $132.5 million. In 
contrast the majority of farmers (56%) with forested land grazed livestock 
in the forest. Southwide, 42% of the forested farmland was grazed by 
livestock (Byington et al., 1983). But the U.S. Forest Service estimates 
that less than 3% of the forage potential in the South's forests has been 
developed and utilized (USFS, 1980). Further evidence of the lack of 
integration of forested land in southern farm management is provided by 
land ownership trends. In 1952, there were 77 million ha of forested land 
in the South and farmers owned 48% of them. In 1977, there were 75 million 
ha but farmers owned less than one-fourth of it (USFS, 1982). 
 
 In general, southern farmers are not managing their forested land 
anywhere near its potential to supply wood products and livestock forage, 
either singly or jointly. This failure to develop forest resources is 
surprising considering that all of the ingredients needed for intensive 
management of farm forests appear to be in place. Fifty years of research 
have provided a substantial technological base for development, and there 
are a number of private and public activities providing technology-
transfer services. The region has a large, modern forest industry in need 
of forest biomass to process, and infrastructure exists to move forest 
products from the farm to the mill. So why aren't these inputs being used 
to develop the potential of some of the most productive forest sites in 
the world? 
 
WINROCK-USDA RESEARCH PROGRAM 
 
 A cooperative research program involving the U.S. Department of 
Agriculture (more specifically, the Soil Conservation Service, 
Agricultural Research Service, and the Forest Service) and Winrock 
International was started in 1979 to assess the current status of 
management of forested land for the coproduction of forest products and 
livestock, 
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particularly on the farm unit. The goal of the program is to remove 
constraints to improving farm forest management for multiple products, 
particularly where the constraints are due to gaps in basic and applied 
research and information transfer. The Winrock-USDA research program is 
being implemented in four steps: 1) identification and characterization of 
structural and functional relationships that have a major impact on the 
interrelationships between southern farms and forest management; 2) 
analysis of the southern agricultural system characterized in objective 1 
to identity opportunities and constraints to improving farm forest 
management for multiple goods and services; 3) identification and 
development of options to capture opportunities and eliminate constraints; 
and 4) on-farm evaluations of options selected. 
 
 This research program is being conducted using a farm systems 
approach because so many farm characteristics result from systems 
interactions. That is, the farm is an organized whole (i.e., a system) 
that has some properties that result from the system's structure and 
functional interactions, and these properties are not recognizable as 
properties of the individual parts. Systems research is used to facilitate 
the study of those properties that are not apparent from the study of the 
individual parts but result from the coupling of the parts (Overton, 
1975). Any farm is a complex system that involves the management of many 
social, economic, political, technical, and ecological interactions. Any 
activities that significantly expand the development of the natural 
resource potential of the farm forest will result in new interactions with 
other farm components. These new interactions can substantially alter the 
overall functioning of the farm system so the development of the farm 
forest requires a holistic view of the farm and not just an examination 
of: technology directly related to forest management. 
 
 Analyzing farm forestry from a holistic analysis of the farm is 
desirable but not possible because of the complexity and diversity of 
southern farm systems and the limited research resources available. 
According to the 1978 Census of Agriculture, there were 491,000 farms in 
the South with forested land. These farms were scattered across 15 states 
and more than 1,200 counties containing 44 major ecological subregions. 
With such sociopolitical and ecological diversity and so many farms, one 
would not expect to be able to easily select a small number of farms for 
in-depth analysis under the assumption they are representative of the 
South. 
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 Fortunately, systems science offers methods for analyzing large 
systems. Overton (1975) suggests that there are two steps in the systems 
approach and that each system must be conceptualized, characterized, and 
modeled in these two ways: 1) holistically, in terms of the behavior of 
the system and 2) mechanically, in terms of the coupled relations of 
explicit subsystems. Churchman (1979) uses the term "component" rather 
than "explicit subsystem" and suggests that the systems approach think 
about the relationship of the overall objective to the components at the 
beginning. He further suggests that the ultimate aim of component thinking 
is to discover those components whose measures of performance are truly 
related to the measure of performance of the overall system. 
 
 A major challenge in applying the farm systems approach is to find a 
relatively low-cost and timely method to select criteria that measure 
systems performance and use the criteria to aggregate farms within a 
geographical area into a small number of more or less homogenous farm 
system categories. These categories should reflect socioeconomic criteria 
as well as ecological and land-management criteria so all of the key 
interactions determining a farm system are considered. These categories 
can then be used to rank the various farm systems to identify which types 
of farms will receive priority for more in-depth analysis, including on-
farm interviews. 
 
 Fortunately, the United States has a large published information 
base that can provide an overview of agricultural capabilities and 
activities in the various regions of the country. The Winrock-USDA 
agroforestry program has used four sources of information to characterize 
current and potential patterns and trends in farm forestry in selected 
ecological land types. The four sources are the U.S. Census of 
Agriculture: Soil Conservation Service (SCS) reports on soils and land-use 
capability: Forest Service statistics on the county's major forest types: 
and scientific and technical literature related to forest management for 
multiple products. 
 
 The ecological data from the Forest Service and SCS are being 
analyzed to divide the southern region into ecological subregions. Each 
subregion should be sufficiently homogenous in soils, terrain, climate, 
and potential vegetation cover so that the opportunities and constraints 
for agriculture and forestry are more or less similar. The primary trade-
off in this analysis is defining regions small enough to be ecologically 
homogenous but sufficiently large enough so that a workable number of 
categories are identified. 
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 The Census of Agriculture is published at 5-year intervals and 
contains quantitative data on farm social, economic, and production 
characteristics. The data are collected from each farm and then aggregated 
and reported at the county level. Analyzing county census data aggregated 
into multicounty regions within ecological boundaries has provided 
information on farm forest management, and other characteristics of the 
farm socioeconomic subsystem including input-output data for production of 
various goods and services, and land-tenure-and-use data. 
 
 The scientific and technical literature was reviewed to assess 
current and potential technical capabilities to manage forests for 
multiple products. The review was done within an ecological framework 
provided by conceptual and quantitative systems models that emphasized 
production-systems interactions between management inputs, ecological 
factors, and multiple production outputs. The models also provide a 
framework for linking production subsystems with other levels in the 
agricultural hierarchy. That is, the linkage of forestry, livestock, and 
crop production subsystems with the micro-socioeconomic subsystem that 
constitutes the farm family, to create the farm system. In turn, the farm 
systems are linked to other local agricultural subsystems such as 
transportation, markets, and education to define the local agricultural 
systems. The hierarchical approach to systems is an important methodical 
tool for analyzing various structural and functional relationships in 
complex systems without losing sight of how the set of relationships under 
study link with the rest of the system. This is extremely useful in farm 
forestry where an in-depth analysis of forest management is required but 
the management of the forest must ultimately be linked to the rest of the 
farm and then to the larger forestry and agricultural system. 
 
 
EARLY RESEARCH FINDINGS 
 
 It will take many years of coordinated research by interdisciplinary 
teams to fully investigate the interrelationships involved in managing 
farm forests within the agricultural system of the southern U.S. The work 
thus far completed by the Winrock-USDA research program has been concen-
trated in two areas: 1) analyzing technological and ecological 
interactions taking place in various silvopastoral production subsystems: 
and 2) analyzing socioeconomic and production characteristics to identify 
and describe the South's major farm systems categories. The findings from 
this work reveal that there are many gaps in technical knowledge needed to 
implement silvopastoral production 
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systems in many of the region's ecological zones. There are also many 
socioeconomic issues affecting the implementation of existing technical 
knowledge that need to be addressed. Despite these gaps, however, there is 
much that can be learned about the opportunities and constraints in 
developing and implementing silvopastoralism, both in the U.S. and 
elsewhere, Detailed discussions of the Winrock-USDA findings are available 
in other documents (Byington, 1982; Byington and Abruzzese, 1983a; 
Byington and Abruzzese, 1983b; Byington and Child, 1981; Byington et al., 
1983; Child and Byington, 1980; Pearson et al., 1980), so only highlights 
will be presented in the remainder of this gaper. The following sections 
have been adapted from Principles of Livestock Grazing on Forested Land: 
What We Know and Don't Know (Byington, 1983). 
 
 
LAND MANAGEMENT PHILOSOPHIES 
 
 There are two philosophical approaches to land management--the 
agronomic approach and the natural resource approach. Both find 
application in forest-forage management. 
 
 The agronomic approach is based on the use of many management inputs 
per unit of land to maximize the production of the desired product. This 
approach uses fertilizers, irrigation, pesticides, improved genetic 
material, and machinery to elicit the full potential of the land to 
produce a desired product. The agronomic approach is normally used on the 
more productive soils found in favorable climates so that per acre yields 
cover the cost of the inputs. A well-managed, irrigated, and fertilized 
stand of Coastal Bermuda grass producing 1.6 to 2 tons of hay per hectare 
is an example of the agronomic approach. 
 
 The natural resource approach focuses on the management of natural 
plant communities to produce a mix of desired products. Physical inputs, 
such as fertilizer or improved genetic material, are limited by lack of 
profitability, or adverse impacts on some land uses. However, management 
can be very intensive by using natural forces to regulate production. An 
example of the natural-resource approach is using grazing-management 
systems to produce livestock and wildlife on a sustained basis. 
 
 Forest grazing in the South has traditionally been based on the 
natural-resource approach with low livestock output per hectare, 
particularly on the public lands where land use must be balanced between 
commercial and noncommer- 
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cial uses. However, in recent years more of the private forested land is 
being managed for multiple use but with the emphasis on economic returns. 
The privately owned land often has a high biological potential and this 
potential plus economic objectives have resulted in an agronomic approach 
being taken. For example, even-aged pine plantations consisting of slash 
pine growing in nearly pure stands of Bahia grass (that are fertilized 
yearly) are highly productive and managed more like an Iowa cornfield than 
rangeland. 
 
 For many farmers the optimum approach to developing their forest 
resources would be a mixture of the agronomic and natural-resource 
approaches. Unfortunately, our research, education, and extension 
activities tend to be organized along these two separate approaches. The 
first step many landowners must take is to break down the compartmental 
barriers in their own minds and start thinking as land managers and not 
just as foresters or livestock producers. The next step is to contact the 
various specialists to get as much information as possible on both 
approaches and then combine the best of both to meet their own needs. A 
farming systems approach would be an excellent framework for this process. 
 
 The integration of these two approaches to land management is 
illustrated on a farm in central Georgia. This farmer has 2,800 ha of 
pine-forested land: the forest is managed for multiple wood products, 
i.e., pulp, saw logs, poles and naval stores. Four hundred hectares of the 
forest are also intensively managed for summer forage production through 
the establishment of improved grass varieties and fertilizer application. 
The understory vegetation on the remainder of the forested land is managed 
for deer and upland game birds with fire being the primary management 
tool. Adjacent to the forested land on more fertile soils are 400 ha used 
for peanut production during the summer months. Following the harvest of 
the peanuts, the land is planted in winter ryegrass. The cropland and 
forestland are linked by a herd of 300 beef cows that graze on forested 
land during the spring and summer and the ryegrass during the fall and 
winter. Only a small amount of land is maintained for permanent pasture 
and hay production and is used as a forage reserve for use during periods 
of low rainfall when forage production is down in the forest or the 
ryegrass pasture. 
 
 Such a complex mix of agricultural and natural resource activities 
on one farm results in ecological and economic diversity that improves 
stability. It also enhances overall 
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productivity from the land by capturing synergistic opportunities between 
two apparently unrelated activities (row cropping and forestry). Each land 
type can supply forages but only for part of the year but, in combination, 
forage is available year-round. 
 
 The farming-systems approach is useful for understanding what is 
taking place on an individual farm, but it is essential to the regional 
development of farming systems that will efficiently utilize the South's 
forest forage potential. Land ownership patterns and objectives and 
ecological variations make it impossible to design one or two types of 
farming systems that will meet the region's needs. Systems must be adapted 
to variations in local conditions. 
 
 Land ownership patterns and objectives make it difficult to 
formulate a general management system for an area. For example, a large 
timber company with a million hectares of forested land will require a 
very different system from the farmer with 40 ha of woods on his 100 ha 
farm. Even two farmers with 40 ha of forestland will need different 
systems if one farm has its land in one block while the other farmer's 
forestland is in small, scattered stands. A farmer's age will also affect 
the system needed. For example, a farmer in his 60s would likely be less 
interested in planting trees that are going to take 30 years to grow than 
would a man in his 20s. 
 
 Wildlife is also a key factor influencing many landowners in their 
management of forest forages. The more important wildlife values are, the 
more important the natural-resources approach becomes, and in most cases 
the lower the carrying capacity for livestock. 
 
 Variations in such ecological factors as soils, terrain, climate, 
tree and forage species, and animal species make it even more difficult to 
formulate standard management systems for forest-forage use. Even in the 
same county, one landowner can have a very difficult resource base to work 
with. This variation is particularly important when considering forest-
forage management in hardwood stands as contrasted to pine stands. Most 
research and intensive management experience has been in pine forests. 
Much of this work is not applicable to hardwood forests. 
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GENERAL PRINCIPLES IN DEVELOPING SILVOPASTORAL FARMING SYSTEMS 
 
 Despite the great variations in farm-forest management opportunities 
across the South and in other locations, our analysis has revealed there 
are a few principles that are useful in applying the systems approach to 
farm forestry and livestock grazing. 
 
Development of the Forest's Forage-Producing Potential Can Enhance Other 
Land Uses and Create New Production Opportunities on the Farm and Ranch 
 
 There is evidence that many farmers do not actively manage their 
forested lands: thus the forest is untapped land that could be used to 
increase farm income. As already discussed, forest management, 
particularly for livestock forages, can be an integral part of the overall 
farm operation by 1) providing forages to increase livestock numbers; 2) 
freeing land for more valuable uses; 3) utilizing surplus labor and 
equipment; 4) and enhancing other land uses. Livestock grazing in forests 
with heavy undergrowth opens up the understory to improve hunting and 
reduce fire hazards. By shifting summer grazing to forested areas, 
additional livestock numbers can be put on the freed pasture, or 
pastureland can be used for hay production or even converted to cropland. 
 
 Unfortunately, some farmers have used the hardwood forests of the 
Midwest to an excess in attempts to increase crop production. The grain 
farmers who have large quantities of crop residues available for winter 
grazing use their small woodlots to hold their cattle herds during the 
summer months and overstocking is common. This results in serious damage 
to trees, forages, and the soil. 
 
Forest Forage Resources Can Seldom Be Fully used in Isolation From Other 
Forage Sources 
 
 Forest forages are usually not adequate to support the livestock 
enterprise on a year-round basis. Generally, forest grazing depends on 
native forages and has many of the characteristics of rangeland grazing. 
Production per unit area is often low, and forage quality and quantity 
decline during the winter months. 
 
 Forage quality and quantity problems in winter are solved similarly 
on both range and forested lands. Supplemental feed and(or) grazing are 
provided. This is done by moving the livestock to other grazing locations 
such as 
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annual-grass pastures in the South or lower-elevation ranges in 
mountainous areas, or by bringing supplemental hay or feed concentrates to 
the animals. 
 
 The low forage production per hectare can be solved by having access 
to vast areas of forested land. However, the situation is different on 
most farms. The typical farm in the South has 40 to 80 ha of forested land 
on which it can only support 5 to 20 head because of its low carrying 
capacity. For example, 4 to 8 ha of longleaf pine forest on the Gulf Coast 
are required for each cow-calf unit/year. Therefore, pasture or crop 
grazing land must be used to increase livestock numbers to an economic 
unit. As a result forest grazing is usually just one component in the 
livestock enterprise's forage picture. 
 
Utilization of Forest Forages Should Be Managed in Conjunction With the 
Development of Other Forest Products and Services 
 
 The philosophy of land management that stresses maximizing the 
production of a single product on a piece of land has blinded many 
landowners to the advantages of managing land €or multiple products. The 
logic behind product maximization per unit area is that this approach will 
maximize income. The fact is that profit maximization is seldom the goal 
of farmers in forest management. 
 
 Timber products are generally the most valuable products that can be 
grown on forested land, yet many farmers do not manage to take advantage 
of this. There are several explanations for this seemingly irrational 
behavior. A major problem is cash flow. Forestry can result in sizable 
earnings, but many farmers would rather eat a little everyday than wait 
for 30 years for a tree crop to mature so that they can get one big 
paycheck. Another problem is that forestry does not appear to be related 
to other farm activities. Why learn a new set of management practices just 
to manage a few acres that produce one crop of trees in a life time? 
 
 The solution according to the product maximization approach would be 
to clear the forest and establish pasture for immediate income. But this 
ignores the noncommercial values the landowner may be getting from the 
forest if he hunts or enjoys a quiet walk in the woods. Also, economic and 
ecological diversity is lost. 
 
 Fortunately, landowners need not be trapped by the dilemma of 
single-product maximization from forested land. Forested land can be 
managed to produce several good ser- 
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vices simultaneously. Trade-offs are involved. Each of the goods and 
services cannot be maximized. Some timber production must be sacrificed to 
ensure a steady supply of forage for livestock. And some livestock forage 
and timber must be forfeited to maintain wildlife habitat, but all three 
can coexist together. However, all of this comes at a cost. A high level 
of management is continuously required. 
 
Multiple Product Management on Forested Land Should Focus on Interactions 
Between the Major Plant, Animal, and Abiotic Components 
 
 A frequent criticism of the livestock grazing industry is that many 
farmers have concentrated their efforts on the animal's well-being and 
have not given adequate attention to the forage resource and management of 
the interactions between animal and plant. Past abuse of rangelands is the 
most striking example of failure to adequately balance the grazing animal 
and the grazing resource. Modern rangeland management illustrates the 
benefits of understanding how animal, plant, and the physical environment 
of soil, terrain, and climate interact to determine the long-term 
productivity of the land. Managing such complex interactions does take 
more knowledge and greater effort, but our better ranchers realize there 
is no other way on our range-lands. 
 
 The interactions that must be managed in forest grazing include many 
of those in range management plus the tree component. The tree component 
makes time and space even more important management factors in an 
agricultural system. If the forest manager is to fully develop and protect 
the land, it is necessary for him to manage the following. 
 
 Forages and trees. Trees and forages compete for the essential 
factors for plant growth--sunlight, water, nutrients, and space. During 
the early stages of forest regeneration, the forage plants, particularly 
perennial grasses, have the advantage over the young tree seedlings. 
However, once the trees are fully established and the forest canopy forms, 
the forages are at such a disadvantage that production can drop to such 
low levels that grazing is not economical. Maintaining equilibrium between 
the overstory and understory requires careful management of forage-tree 
interactions--interactions that change over the long life cycle of the 
forest. 
 
 Grazing animals and trees. The interaction between trees and grazing 
animals can be very positive or a total 
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disaster, depending on management. The tree canopy can provide shade for 
animals in the summer and protection during the winter. Also, trees can 
extend the grazing season for a few weeks in the fall by protecting forage 
from early frost. In turn, the grazing animal helps control the build-up 
of forage and other plants on the forest floor. This reduces the 
competition between understory plants and trees for water, nutrients, and 
sunlight during tree establishment and reduces the danger of fire because 
less fuel is available. 
 
 On the negative side, grazing animals can seriously damage and kill 
trees, particularly during the establishment phase. Most of the conflict 
between the forester and livestock producer stems from the destruction of 
tree seedlings by livestock. Control of stocking rates, season of grazing, 
and use of livestock feed supplements can substantially reduce livestock 
damage to young trees to acceptable levels, particularly in pine 
regeneration. 
 
 Livestock-wildlife. The forest is the natural habitat for a variety 
of wildlife, and many of these animals depend on the grasses, forbs, and 
browse growing on the forest floor. Managing the forest for livestock 
forages can either have a positive or negative impact on wildlife. Year-
round forest grazing by livestock at high stocking rates can deplete 
wildlife food supplies. Grazing systems should be selected that balance 
livestock and wildlife objectives. 
 
 On a more positive note, livestock management can improve habitat 
and feed sources for many wildlife species. Maintaining a more open forest 
favors the increased production of forages for both livestock and wildlife 
so that a well-managed forest grazing program may permit substantial 
increases in both. Also, certain game birds such as quail and turkey 
prefer more open forests and can move into previously unoccupied areas 
following forest modification for grazing. Grazing improvements, such as 
water developments and salt and supplement feeders, benefit wildlife as 
well as livestock. 
 
A Broad Range of Tools Are Available to the Landowner to Manage Forest 
Grazing 
 
 Forest grazing involves a combination of forestry and forage 
production and use. Forest grazing managers have all of the tools of 
forestry, range, pasture, and animal science and wildlife management at 
their disposal. An individual would have to spend a lifetime mastering the 
use of these tools for even a single location; but the greater the 
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manager's knowledge of these tools, the greater the chances for 
efficiently solving problems and capturing opportunities. 
 
 Many of the more important tools available are for vegetation 
control, and they can be placed into one of four categories: 
 
 Fire. Controlled burning is the oldest management tool for forest-
forage management and was used by the American Indians to keep the forest 
open to improve forage production for wildlife and to facilitate movement 
for hunting and travel. Fire continues to be an important management tool, 
particularly in the fire-adapted, yellow pine forests of the southern U.S. 
Fire removes brush, pine needles, and unused forages to improve access to 
new growth and facilitate animal handling. Burning warms the soil in the 
early spring and releases nutrients to help promote early spring grazing. 
Controlled burning also reduces wildfires by reducing fuel build-up and 
aids in controlling insect pests. 
 
 Fire is a relatively inexpensive tool, but does have several 
disadvantages. Many tree species, particularly hardwoods, are killed 
easily by fire, so fire cannot be used if these species are desired. Smoke 
from fires can be a problem and limits the use of controlled burning near 
urban areas. Finally, the use of controlled burning requires considerable 
skill. Without adequate preparation, a controlled burn can turn into a 
wildfire that can damage surrounding ownerships. 
 
 Mechanical. There is an almost endless variety of mechanical tools 
and vehicles, ranging from the ax to the bulldozer, used in forest and 
livestock management. Many of the more important tools are small and hand 
operated. These tools have the advantages of being easy to use and 
maintain, inexpensive to purchase, and usable on steep or wet terrain. 
However, most of these tools require high labor inputs and can be overly 
expensive on large land areas. 
 
 Machine-powered tools and vehicles have become the backbone, of the 
U.S. forest industry for planting, harvesting, and transporting forest 
products. Machine-powered vehicles are also important in transporting 
equipment, feed, and animals in the livestock industry. These tools and 
vehicles save time and labor, and as long as energy was inexpensive, they 
found broad application. However, with higher energy prices, many 
operations can no longer be economically performed with machine-powered 
tools and 
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vehicles. Brush control over large land areas is seldom affordable any 
longer by mechanical means. 
 
 Chemical. Chemical herbicides for controlling unwanted vegetation 
became the main replacement for mechanical methods during the 1970s. 
However, environmental concerns and higher energy costs have made 
chemicals a less useful tool. Considerable skill is required to use 
chemicals both safely and effectively. 
 
 Biological. For a time it appeared that cheap energy for mechanical 
and chemical tools would eliminate the need for biological tools for 
controlling vegetation and transporting products. Now one of the "new" 
developments is the promotion of cattle and goats as brush-control tools 
in forestry. Perhaps, in a few years, mules will be rediscovered as a 
vehicle for moving logs in rough terrain just as cattle drives are being 
reintroduced in some locations to lower costs in moving cattle. 
 
 Factors that should be considered in selecting vegetation-control 
tools include cost, user experience, terrain and other local features, 
environ-mental constraints, and availability. But perhaps the key factor 
is the management system in which the tool is to be applied. In turn, the 
management system should reflect the landowner's goals and objectives as 
defined by the overall farm system. 
 
Landowners Require a Long-Term, Comprehensive Management System for Forest 
Grazing and Other Forest Products to Ensure All Objectives Are Adequately 
Met 
 
 Simultaneous production of timber products, livestock forage, 
wildlife, and other goods is possible--with management. Multiple-use 
management is complex and involves many trade-offs among alternative uses. 
The management system, with its associated tools, formulated to manage the 
forest and livestock will determine the nature of these tradeoffs. Thus, 
landowners should select systems that most nearly achieve their overall 
objectives for their land. 
 
 The management systems must be long-term and sufficiently flexible 
to adapt to changing conditions. In nearly all cases, timber-product 
cycles run at least 20 years, so the overall management plan must be for 
at least this length. Once the timber cycle begins, the landowner has lost 
a number of options for shifting to an alternative system. However, there 
are still some opportunities to build in flexibility for shifting the 
product mix, and these should be identified in the plan for the management 
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system. For example, planting space between trees can be selected to allow 
the landowners several opportunities to control the mix between pulp wood 
and sawlogs and the amount of forage available. The more the stand is 
thinned to promote sawlog growth, the more forage there will be under the 
trees. 
 
 The management system must contain at least two components--one for 
forest products and one for livestock. The forestry component must 
indicate species of trees to be managed, timber products to be produced, 
management approach (even-age vs. uneven-age stand), etc. The livestock 
component must contain the same information required in any livestock 
operation plus information to manage interaction with other forest 
products, particularly timber products. Attention must be given to 
adjusting stocking rates of livestock per acre as the forest matures and 
forage production drops. Plans must also be made for handling livestock in 
wooded areas. 
 
 The management system should also contain plans for other components 
indicated by the landowner's objectives. Wildlife and outdoor recreation 
are commonly included.  
 
 Finally, the forest-management system should reflect the management 
of the rest of the farm system. For example, row-crop production can 
provide a source of winter feed for livestock, but on the other hand the 
landowner may have little time during spring planting or fall harvest to 
manage the livestock grazing in the forest. 
 
SUMMARY 
 
 Livestock forages produced on forested land are one of the world's 
potential sources of food and fiber. Forest grazing has Seen practiced for 
thousands of years but often with little management or regard for other 
forest values. In recent years there has been increased interest 
throughout the world to improve management of forest grazing. The numerous 
approaches being taken to improve forest forage production systems can be 
grouped into five management-oriented categories: 1) planting "fodder 
trees" to slow deforestation in the humid tropics and desertification in 
the arid tropics; 2) producing forages on conifer timber plantations; 3) 
integrating forage production with tree crops (common in the tropics but 
also found in orchards in temperate zones); 4) managing forests for 
production of wildlife used for food; and 5) reducing livestock grazing  
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damage on broadleaf forests in both tropical and temperate zones (Byington 
and Child, 1981). 
 
 The development of new technologies for improving farm forestry for 
food and fiber production is important but the experience gained in the 
southern U.S. indicates that the greatest challenge is to integrate 
technology and establish silvopastoral production systems that are 
compatible with the overall farm system and the greater agricultural 
system. The farm is clearly the key unit in this type of agroforestry and 
a farm systems approach is going to be essential in promoting the 
efficient development of farm forestry for multiple products. 
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FARMING SYSTEMS CONTRIBUTIONS 
TO IMPROVING SMALL FARM IRRIGATION 

 
R.L. Tinsley 
M. Meleha 

 

 
INTRODUCTION 

The Egypt Water Use and Management Project (EWUP) is a joint 
technical assistance project between the Ministries of Irrigation (MOI) 
and Agriculture (MOA). EWUP is an interdisciplinary program that combines 
the talents of engineers, agronomists, economists and sociologists. The 
projects activities are managed through 11 task groups that have proven an 
effective mechanism for stimulating the essential interdisciplinary 
collaboration. 

 
EWUP's primary objective is to evaluate the contribution of better 

water management toward improving the well-being of Egypt's small farmers 
of the "old lands" in the Nile Valley and Delta. The Project's efforts 
have mainly focused on improving on-farm water management by using 
precision leveled fields and long basin irrigation. Additional work 
included the improvements to the lower portions of the delivery system by 
renovating distributary canals and mesqas1 to provide the farmers with a 
better supply of water. Finally, the project has worked with irrigation 
planning to make the delivery of water more consistent with the farmer's 
actual needs, and to prevent large amounts of water from flowing directly 
into the drains. 

 
EWUP has worked in 3 field sites (Figure 1). The first site is 

Mansouria in Giza Governorate. This is just west of Cairo in the shadow of 
the ancient pyramids of Giza. The second is Abu Raya Village of Kafr el 
Shiekh Governorate in the middle of the Delta 150 km north of Cairo. The 
third is Abyuha Village El Minya Governorate in the Nile Valley 300 km 
south of Cairo. 

 

 
IRRIGATION IN EGYPT 

With very limited exceptions, all irrigation water in Egypt comes 
from the Nile River. This water is now fully controlled by the Aswan 

 
 
 
 
 
 
 
 
 
 

1 A mesqa is the smallest delivery canal. They are usually 
privately owned and maintained. They will serve from 60 to 250 feddans. 
Feddans are the Egyptian units of area. 1 feddan = 4200m2 2 = 0.42 
hectares = 1.05 acres. 
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High Dam in sufficient quantity to provide all the "old lands" with 
adequate water for continuous cropping. The water is distributed to 
farmers through a series of canals ending with the distributary canals and 
mesqas. The MOI maintains control of the water until the distributary 
canal, where it is released on a rotational basis. The water then flows 
freely through the distributary canals and mesqas until the surplus is 
discharged through the tail escapes into the drains. The irrigation system 
operates continuously all year with the rotations being adjusted to 
accommodate changing needs with the different seasons. The exception is a 
one month closure period during January and February, to allow maintenance 
on the canals and related structures. 
 

In most cases the water is provided below ground level so the 
farmers have to lift the water approximately 50 cm at their inlet. This is 
a deliberate effort by the MOI to require the farmers to expend some 
effort in obtaining water, and therefore, discourage overuse of a resource 
provided free to the farmers. Lifting is usually done by animal powered 
waterwheels called saqias, hand operated tambours, and--with increasing 
frequency--single piston diesel pumps. 
 
 

 
FARMING SYSTEMS NEEDS 

Although EWUP's entire interdisciplinary approach to improving water 
management used many farming systems techniques, the system-wide "bottom-
up" outlook was used primarily in irrigation planning and evaluating the 
feasibility for on-farm intervention. The latter involved evaluating 
constraints on the mechanization needed for land leveling. The 
mechanization constraints examined were field size, field access, and 
opportunity between sequential crops. 

 
Since EWUP is an irrigation project and irrigation water is designed 

to accommodate crop needs, most of the farming systems work was related to 
the cropping system. Also, since the irrigation water is released at the 
distributary canal and is planned to serve the entire community without 
individual farm scheduling, the farming system analysis was usually 
aggregated for the community as well as individual farms or households. 
The total farming system activities were thus holistic in outlook, but 
very focused in approached, and concentrated on relatively simple tools 
that could easily be adopted within the administrative framework of the 
MOI. 
 
 

 
IRRIGATION PLANNING 

The need for improved irrigation planning was identified from some 
basic studies of the water budget for each area (Helal). The water budget 
studies were carefully regulated evaluations of all the water that entered 
controlled areas and what happened to that water. These studies 
illustrated large volumes of water were leaving the area through direct 
surface drainage flow (Figure 2). Much of this was observed to 
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be "flow-through" i.e. discharge directly from the end of mesqas or tail 
escapes of the distributary canals without being applied to fields. The 
ratio of drain outflow to canal inflow was as high as 80% in some months, 
and averaged 40% for the entire year (Helal). The water in the drains 
would then have to be discharged into the Mediterranean Sea. Most of this 
drain water was pumped at considerable expense. The large drainage flow 
indicated that deliveries were not consistent with the farmers irrigation 
needs, and that substantial operational improvement could be made by 
seeking ways to make the water deliveries more consistent with the actual 
irrigation demands. 
 

 
Cropping System 

The first step in evaluating the irrigation deliveries was to 
determine what the actual cropping system was. This was done graphically 
through the development of crop calendars (Figure 3) (Fawzy). Crop 
calendars were constructed by extracting from the farm records, (being 
maintained by the project economists) the planting, harvest, irrigation 
dates for each crop grown on each parcel of land, and each field 
subdivision of the parcel managed by case study farmers. This rather 
simple tool very rapidly illustrated the complexity of the cropping system 
in terms of the fragmentation of the farmers activities, the number and 
extent of crops being grown, and the time between sequential crops. Since 
the farm fragmentation provided a greater degree of agronomic replication 
than the limited number of case studies did of individual households, the 
sum of crops grown by all study farms provided a good estimate of the 
entire community cropping system. 

 
The cropping system illustrated by the crop calendars was basically 

a two crop system divided between winter crops and summer crops. The 
winter crops of wheat, broadbeans, sugarbeets, and berseem,2 etc. were 
grown from November or December until April and May. The summer crops of 
cotton, maize and rice were grown starting in April, May and June and 
concluding in September and October. These seasonal distinctions turned 
out to be almost absolute, as few crops could thrive under both the summer 
and winter temperature regimes prevalent in Egypt. Planting dates, 
however, tended to average about 3 weeks later than anticipated. The 
exception being broadbeans and berseem (Table 1) (Abdel Al). 

 
The crop calendar evaluation showed a dynamic system. The crop 

combinations and the extent to which various crops were grown could change 
rapidly from year to year (Fawzy). Much of this was in response to 
changing marketing conditions. Examples were the introduction of and 
subsequent major increases in sugarbeets acreage in response to a new 
refinery in Kafr el Shiekh. There was a similar activity with soybeans in 
el Minya. Accurate irrigation planning must keep abreast of these changes 
as they occur, and not assume a basically static system. 
 
 
 
 

2 Berseem is Alexander clover a winter forage crop grown extensively 
throughout Egypt. 
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Irrigation Practices 

Of primary importance to this analysis is the frequency and timing 
of irrigations. The irrigations recorded in the farm records and plotted 
on the crop calendars indicated that the farmers generally were applying 
the expected number of irrigations per crop, and sometimes actually 
applying less (Table 1) (Abdel Al). However, the timing of the irrigations 
tended to differ from the expected because of the delayed planting dates. 

 

 
Irrigation Gaps 

On closer evaluation there did appear to be some extended 
"irrigation gaps" between the irrigations applied to sequential crops 
(Figure 3). These irrigation gaps could extend for 88 days in the case of 
wheat fields being replanted to rice or 120 days for cotton fields being 
replanted to wheat (Table 2) (Abdel Al). Even ratooning sugarcane in el 
Minya had extensive irrigation gaps during the winter and early spring. 
This corresponded to the harvest and early stages of regrowth. However, 
irrigation gaps could also be zero or negligible when rice or maize fields 
were relay planted to berseem prior to the harvest of the first crop. 

 
The irrigation gap period was really the period from the last 

irrigation until harvest, plus the normal turnaround period between crops. 
The period from last irrigation to harvest was frequently four to six 
weeks in duration. It represented the time when the crop was maturing and 
drying down to storable moisture content prior to harvest. As extensive as 
these irrigation gaps were—the last irrigation of crops such as wheat and 
cotton, and the first irrigation of the following rice or wheat crop--were 
very much in accordance with the MOA recommended time for each crop viewed 
independent of the crop preceding or following.3 The irrigation gaps 
represented a period of continued, but declining, consumptive use, with no 
irrigation demand. However, because of the mixture of crops there was 
always some demand during these slack periods. When irrigation water was 
released during these periods according to consumptive use estimates much 
of the water would flow through the canals and be discharged directly to 
the drains. 

 

 
Consumptive Use vs Irrigation Demand 

The identification of the extended irrigation gaps illustrated the 
need for a closer evaluation of the relationship between consumptive use 
and irrigation demand. Furthermore, it was apparent that the analysis 
could not be on a single crop alone but had to examine the crops in 
 
 
 
 
 
 
 

3 Various extension pamphlets published in Arabic. 
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sequence. The analysis also had to include a brief understanding of the 
soil water characteristics of Vertisols, the predominant soil type found 
in the Nile Valley and Delta. These are heavy cracking clay soils that, 
virtually independent of crop, restrict root development and measurable 
soil moisture changes to the upper 30 - 40 cm and have an operationally 
available soil water content of only 5 - 7 cm. (Moustafa). 
 

An evaluation of consumptive use, irrigation demand, and soil water 
depletion was conducted for various crop combinations in Kafr el Shiekh, 
based on the accumulated water management trial of EWUP over a 6 year 
period. The evaluation (Figure 4) showed that the initial irrigation for 
each crop following an extended irrigation gap had to replenish a soil 
water deficit of approximately 12 cm, and required an application of 15 - 
18 cm. even though this was a period of very low consumptive use. The 
large soil deficit represented the consumptive use during the latter 
stages of the previous crop plus some direct evaporation during the fallow 
turnaround period. The subsequent irrigations were usually made when the 
soil water deficit was only 5 - 7 cm., and required an irrigation 
application of 8 - 10 cm. These irrigations then terminated 4 - 6 weeks 
prior to harvest--at a time of high consumptive use. This began the next 
irrigation gap (Abdel Al). The consumptive use for this period was then 
replaced with the heavy initial irrigation of the following crop. 

 
The exception to the above was that just prior to closure the 

farmers tended to apply an irrigation even if there was no immediate need, 
but because stress conditions were anticipated during the closure period. 
Also, the initial irrigation of rice had to be exceptionally heavy to 
provide enough water to replace the deficit of a 60 to 80 day irrigation 
gap, plus puddle the soil and establish the initial ponded conditions for 
transplanting. This irrigation required nearly 25 cm of water in a single 
application. It occurred simultaneously across the community during the 
last half of June and placed the highest annual demand on the delivery 
system (Abdel Al). 
 
 

 
Aggregate Demand 

With this knowledge, the farm records were used to determine the 
aggregate demand for water throughout the community. The summary was made 
on half month intervals, since this interval usually contained the proper 
proportion of 'on' and 'off' days (Figure 5) (Abdel Al). These figures 
clearly showed the reduced demand during the irrigation gaps, the high 
demands before and after closure, and the extra demands placed on the 
system by rice. In Kafr el Shiekh it also showed how the first irrigation 
of cotton occurred concurrent with the last irrigation of wheat causing 
another brief high demand period during the last half of March and first 
half of April. 
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Rotation Revision 

The next step was to review the different 'on/off' sequences for 
possible periods when the on periods could be reduced. The result was a 
proposed revised rotation schedule for Kafr el Shiekh which would reduce 
the number of 'on' days by either 16 or 23, depending on whether 
sugarbeets were planned for the area (Table 3) (Tinsley). This represented 
a 13 to 18 percent reduction in 'on' days and corresponding water savings. 
Most of these savings were associated with the 4'on/4 off' rice rotation. 
This rotation was beginning at least three weeks prior to when the farmers 
actually needed the water, and ended 2 weeks after the farmers finished 
irrigating rice. Other savings were achieved by eliminating special 
irrigations for sugarbeets. This was because the farmers were unable to 
plant sugarbeefs at the anticipated time. Rice and cotton still occupied 
the land. 

 
The possibility for the revised rotation was reaffirmed by examining 

water level recorders maintained by the Project for some of its water 
budget analysis (Tinsley). These recorders show the existence of excess 
water in the system during many of the periods when the revised rotation 
would have reduced the number of 'on' days. This work is being continued 
by seeking methods for reducing the flow into the distributary during 
short periods of low demand that cannot be managed by shifting rotation 
dates. Other means being looked at are controls that sense downstream 
demand and automatically adjust the flow. 
 
 

 
FEASABILITY OF INTERVENTIONS 

The major on-farm interventions evaluated and promoted by EWUP were 
precision land leveling, long basin irrigation, and removal of surface 
field drains. The latter two of these were heavily dependent on the 
precision leveling. In the el Minya study area the Project sponsored 
interventions on the distributary canal required precision leveling of the 
entire area so irrigation could be done on entire parcels. This would 
permit eliminating alternate mesqas, and replacing them with much needed 
access roads. 

 
Precision leveling requires mechanization in the form of scrapers 

and large cumbersome land planes, or very expensive laser controlled 
scrapers. In either case the work can only be done on fields large enough 
to accommodate the equipment, to the extent which equipment can actually 
reach the fields, and during a period when the land is fallow between 
crops. These all fit within the farming system approach, but have to be 
examined as much on a community basis as on an individual farm basis. 

 

 
Field Size 

Although EWUP was unable to conduct any formal studies on effect of 
field size on mechanization, its efforts were constrained at times by 



 338 

the field size. As field size decreased not only was it difficult to get 
land planes or other equipment onto the field, but once on the field the 
ratio of running time to turning time greatly reduced the operating 
efficiency of the equipment, thus requiring more time and higher cost. 
Estimates of efficiency loss ranged around 25 percent when equipment was 
confined in a 1 feddan field. The selection of cooperators and fields was 
always conditioned by the size being sufficient to work in. This generally 
meant trying to select fields of at least 1 feddan, and certainly never 
less than 1/2 feddan. In el Minya efforts were made to consolidate holding 
and then level several farmer's fields as one unit. This means the farmers 
had to coordinate their cropping activity so their fields would be 
simultaneously fallow. Such coordination was made somewhat easier by the 
government's policy of specifying large basins for certain crops such as 
cotton. In Mansouria very little leveling was possible because the 
intensive vegetable production there resulted in final field sizes 
frequently being only 1/4 feddans. 
 
Field Access 
 

The field access was surveyed in each EWUP study area by a simple 
survey of existing roads, evaluating the condition of the roads, and 
unstructured interviews with farmers inquiring how they reached various 
fields. These studies evaluated the general case of 4-wheel tractor access 
for land preparation with a chisel plow--the only implement generally 
used. The results were then supplemented with EWUP's experience with the 
land plane. The study showed that access was a very real problem but one 
that could not be easily characterized into clearly defined conditions 
(Figure 6) (Beyoumi). While there was a large number of animal paths for 
donkeys, buffaloes and cattle, few of these had the 3 m width needed to 
accommodate tractors. Such roads that did exist, or were supposed to 
exist, were frequently in poor condition or obstructed at some point to 
prevent movement along the entire length. Many of the roads were 
associated with the irrigation/drainage canal system as part of the 
maintenance right-of-ways. Also many of the obstructions related to the 
condition of these watercourses. Major problems included spoil piles left 
from previous maintenance work, and washed out inlets to the mesqas and 
saqias, and general canal bank slumping. 
 

Despite the problems, farmers were generally able to get equipment 
to their fields at sometime during the year for normal land preparation. 
They did this by driving along the foot/animal path beside the mesqa while 
1 wheel was extended 1 or 2 m. into the adjacent crop land. This would 
damage those 2 m of crop land. Alternately, they would drive across fallow 
fields and ford mesqas on temporary fords made of crop residues, thus 
damaging the mesqa banks. Even so there were times when interior areas 
could not be reached and farmers would have to plant 
 
 
 

4 Personal communication from Norman Illsley, Agricultural 
Mechanization Engineer. 



 339 

crops without any land preparation. In EWUP's land levelling work in 
Kafr el Shiekh, it was not possible to get the land plane to several study 
sites for the final smoothing of the fields even after getting the tractor 
and scraper in for the main transfer of soil material. 

 
The amount of time and effort required to reach a field naturally 

decreased the tractor's operating efficiency. Frequently tractors would 
spend as much time reaching a field as was needed to work the field. This 
50 percent reduction in tractor efficiency added to the decreased 
operating efficiency for the small fields meant that tractors only 
operated at 30 to 40 percent efficiency. The final result was that 
tractors doing land preparation were only able to work 3 to 4 feddans per 
day. 

 

 
Opportunity Time 

Since very few farmers actually owned the tractors, most tractor 
work was done by contract. For this reason the opportunity time for 
tractor work had to be examined both in terms of individual fields and 
then in terms of the community as a whole. The community value accounts 
for the staggering of planting and harvesting dates between different 
farmers. The opportunity time can easily be seen and evaluated from farm 
records and crop calendar figures (Figure 3) (Fawzy). For the EWUP studies 
the opportunity times varied from 0 as when sugarcane was ratooned, or 
crops were relay planted prior to the harvest of the first crop to as much 
as 30 or 40 days for more normal harvest and replanting activities (Table 
4). The community values were generally about twice that of individual 
fields for the same crop conversion. Since there was considerable overlap 
between the winter-to-summer and summer-to-winter conversions, the 
seasonal opportunity was less than the sum of the individuals. The 
seasonal values were 166 and 93 in Kafr el Shiekh and 90 and 114 days in 
El Minya for the winter-to-summer and summer-to-winter conversions, 
respectively. 

 

 
SUMMARY 

This paper has tried to illustrate how a farming system approach of 
looking at a farming community as a whole was used for irrigation 
improvements. The farming system approach was used largely to provide the 
"bottom-up" information needed for irrigation planning, and evaluating the 
feasibility for and constraints in implementing on-farm irrigation 
innovations. 

 
The tools used were simple farm records, or perhaps more accurately, 

the irrigation records extracted from the farm records. The information 
included only planting, harvest, and irrigation dates. This was 
graphically presented to provide a visualization of the entire cropping 
system and the irrigation demands for it. The resulting 
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analysis showed how the delivery releases could be improved at 
considerable saving in water. The same mechanism was used to determine the 
opportunity times between crops for accomplishing the interventions the 
Project was promoting. 
 

Additional survey work was done to evaluate the potential for using 
the mechanization needed for the interventions. The total effort was one 
of a broad holistic outlook, followed by simply focused techniques aimed 
at the specific objectives of the Project. 
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Table 1. Summary of Anticipated vs Actual Irrigation Application 
 

 Anticipated Actual 

Crop 
Planting 
Date 

No. of 
Irrig. 

 Planting Dates No. of 
Irrig. Range Ave. 

 

 
Kafr el Shiekh 

Winter Crops 
 

Wheat  Nov 25   5 -  6  Nov  7 – Dec 8 Nov 28   4 -  5 
Berseem  Nov 1   9 - 11  Sep 19 – Nov 7 Oct 26   5 - 11 
Broadbeans  Nov 20       5  Nov  9 – Dec 5 Nov 19   1 -  5 
Sugarbeets    Oct 26 – Dec 5 Nov 12   4 -  6 
Flax    Nov 12 – Jan 3 Dec  8   4 -  6 

 
Summer Crops 

 
Cotton  Mar 16   6 – 9  Mar 27 – May  7 Apr  7   6 –  9 
Maize  May 15   7 – 9  May 17 – Jun 11 May 30   6 -  9 
Rice (N)  May 1   May  5 – Jun  4 May 21  
 (T)  Jun 1   Jun  5 – Jul 10 Jun 23  
 

 
El Minya 

Winter Crops 
 

Wheat  Nov 23   5 –  6  Nov 13 – Dec  4 Nov 27   6 -  8 
Berseem  Nov 1   9 – 11  Sep  5 – Nov 15 Oct  8   9 - 15 
Broadbeans  Nov 10       5  Oct 25 – Now 19 Nov  6   4 -  5 

 
Summer Crops 

 
Cotton  Mar 15   9 – 11  Apr 10 – May  2 Apr 24   9 - 12 
Maize  May 15   7 –  9  May 16 – Jul 19 Jun 17   6 -  8 
Sugarcane 
   24 – 28 

    16 – 18 
 

Adapted from EWUP Technical Report No. 45. The anticipated information 
originally came from Water Master Plan Technical Report No. 17. 
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Table 2. Summary of Irrigation Gaps in Kafr el Shiekh & el Minya 
 

1st Crop 2nd Crop No. Fields Ave. Last 
Irrigation 

Ave. Last 
Irrigation 

Days 
Between 

 

 
Kafr el Shiekh 

Winter to Summer 
 

Berseem Rice 12  May  1  June 27 57 
Berseem Cotton 12  Jan 10  Mar 24 73 
Berseem Maize 6  Apr 18  June  7 50 
Wheat Rice 10  Apr  3  June 25 83 
Flax Rice 2  Mar 20  June 21 93 
Broadbeans Rice 2  Mar  4  June 25 113 
Broadbeans Maize 3  Jan  8  May 26 138 
Sugarbeets Rice 4  May 10  June 23 53 

 
Summer to Winter 

 
Maize Berseem 7  Sept  6  Oct 17 41 
Maize Wheat 2  Sept  7  Dec  1 85 
Maize Sugarbeet 1  Sept 11  Nov 27 77 
Cotton Wheat 8  Aug 10  Nov 23 105 
Cotton Sugarbeet 8  Aug 13  Nov 10 89 
Cotton Berseem 5  Aug 10  Nov  7 89 
 

 
El Minya 

Winter to Summer 
 

Broadbeans Cotton 16  Mar 26  Apr 28 33 
Broadbeans Maize 7  Mar 28  June 10 74 
Broadbeans Soybeans 3  Mar 23  May  8 47 
Wheat Maize 16  Apr 12  June 14 63 
Berseem Maize 11  May 14  June 22 39 

 
Summer to Winter 

 
Maize Broadbeans 20  Sept 13  Nov  8 56 
Maize Berseem 7  Sept  7  Oct  6 27 
Cotton Wheat 12  Sept  2  Nov 27 83 
Cotton Berseem 7  Aug 31  Oct  7 37 
Sugarcane 
 

Ratoon 
 

2 
 

 Dec 10 
 

 Apr  6 
 

117 
 

Adapted from EWUP Technical Report No. 45 
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Table 3. Current vs Proposed Rotations for Kafr el Shiekh 
 

Current  Proposed 

Time Ratio On 
days  Time Ratio On 

days 
 

(Sugarbeet areas) 
 

    

Oct 16 to Closure 4/8 31  Oct 1 to Nov 20  4/12 13 
Closure  0  Nov 20 to Closure  5/10 19 
Closure to Mar 15  5/10 10  Closure  0 
Mar 16 to May 25 7/7 35  Closure to May 15  5/10 30 
May 26 to Oct 15 4/4 71  May 16 to June 14 1/3 8 

  June 15 to Sep 30 4/4 54 
  Total 147    Total 124 

 
(non-Sugarbeet areas) 

 

  

Oct 16 to Closure  5/10 31  
Closure  0  
Closure to Mar 15  5/10 10  
Mar 16 to Apr 15 7/7 15  
Apr 16 to May 25  5/10 13  
May 25 to Oct 15 4/4 71  

  Total 140  

Source: EWUP Technical Report No. 48. 
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Table 4. Opportunity Time in Kafr el Shiekh & El Minya 
 

  Community 

Crop Conversion Fields 1st Harvest Last Plant Duration 

 Ave days   Days 
 

 
Kafr el Shiekh 

Winter to Summer 
 

Berseem to Rice 34  Apr 12  Jul  3 82 
Berseem to Cotton 50  Jan 18  Apr 15 87 
Wheat to Rice 38  Apr 21  Jul  3 73 
Sugarbeets to Rice 39  Apr 15  Jul  3 79 

 
Summer to Winter 

 
Rice to Berseem -3  Oct  5  Nov  8 34 
Cotton to Wheat 34  Oct 12  Dec 12 61 
Cotton to Sugarbeets 26  Oct   6  Dec  7 62 
Maize to Berseem 27  Sep 15  Nov 16 62 
Maize to Wheat 55  Sep 10  Nov 30 81 
 

 
El Minya 

Winter to Summer 
 

Broadbeans to Soybeans 33  Apr 12  June 13 72 
Broadbeans to Cotton 14  Apr  8  May  6 28 
Wheat to Maize 34  May 11  June 23 53 
Berseem to Maize 31  Apr 15  July  6 82 

 
Summer to Winter 

 
Maize to Broadbeans 24  Sep  9  Nov 17 69 
Soybeans to Broadbeans 47  Aug 18  Nov 18 92 
Soybeans to Berseem 20  Aug 20  Oct  5 46 
Maize to Berseem  8  Sep 10  Oct 14 39 
Cotton to Wheat 
 

47 
 

 Oct  8 
 

 Dec 10 
 

63 
 

Adapted from EWUP Technical Report No. 49. 
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Figure 1. Study locations used by EWUP 
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Figure 2. Schematic diagram of water budget analysis for the El Minya 
Study area during summer 1981 
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Figure 3. Crop calendar of 2 farms in the Kafr el Shiekh study area. The numbers along the bottom of 
each bar are the dates of irrigations, those along the top are dates for other activities. The heavy 
lines indicate the irrigation gaps, the numbers in parenthesis the duration of the irrigation gap, and 
the numbers in the fallow periods between crops the duration of the turnaround time.  
(Graph recreated for digital publication, refer to print version for more accurate representation.) 
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Figure 4. Schematic diagram of the relation between consumptive use, irrigation applications, and soil 
water depletion for a two crop sequence. Unpublished analysis by Magdy Awad, Agronomist, EWUP, Kafr el 
Shiekh. 
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Figure 5. Aggregate demand for irrigation in Kafr el Shiekh. 
(Graph recreated for digital publication, refer to print version for more accurate representation.) 
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Figure 6. The degree of accessibility of farmland in the EWUP., Kafr el Shiekh study area. 
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FARMING SYSTEMS RESEARCH IN A WATERSHED FRAMEWORK: 
EXPERIENCE RELATIVE TO VERTISOL MANAGEMENT IN 

SEMI-ARID TROPICAL INDIA 
 
 

K. L. Srivastava 
S. M. Virmani 
T. S. Walker 

 
 
The need for farming systems research (FSR) is universally 

recognized in modern agriculture. It is particularly important for the 
drylands in semi-arid tropics (SAT) where farming systems are diversified, 
crop yields are low and unstable, and ecological balance is fragile. To be 
useful, such research must draw upon expertise from an array of sciences. 
Therefore, there is considerable discussion on the kinds of activities 
that FSR should encompass, the strategy it should adopt for the 
development and transfer of improved technologies, and the way it should 
be conducted (Gilbert, et al. 1980, ICRISAT, 1983). 

 
In the semi-arid tropical regions improved rain water management is 

critical to increase and stabilize crop production because the rainfall 
distribution is erratic and its amount is less than the potential 
evapotranspiration demand. ICRISAT's work in improved management of 
Vertisols has shown that an integrated plan for land-, water-, and crop-
management through the watershed approach offers scope for a substantial 
improvement in productivity. A watershed is the land area from which water 
drains to a single outlet. Different parts of a watershed are treated as 
interlinked components of a single hydrologic unit; interfarm and 
intrafarm development activities are coordinated. 

 
The Farming Systems Research and Extension (FSR/E) methodology 

generally assumes that the physical resources of the farm are fixed 
(Zandstra, 1978. Appendix Table 1) and that increases in productivity are 
realized through the manipulation of crops/ cropping systems, fertilizer, 
labor and other related management inputs. The approach we have found 
useful for increasing the productivity of the SAT focuses on a hydrologic 
unit (watershed) where both farming and landless labor households reside. 
According to Gilbert et al (1980) the conventional model of FSR/E has been 
based on the individual farming family; the link to societal needs has not 
been well established either conceptually or operationally. Should FSR/E 
be conducted within a framework that views the natural resource 
environment as fixed or variable? More specifically, should FSR/E be 
carried out within a watershed management approach? Should watershed 
management projects use some aspects of FSR/E? Is it desirable and 
feasible to wed a watershed management 
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approach (WMA) to FSR/E concepts and methodologies? These are crucial 
questions for agro-technology development and transfer in the tropics. In 
this paper, we discuss several of their dimensions. To supplement this 
discussion we review our experience in the generation and diffusion of 
ICRISAT's Vertisol Technology which in many ways represents a blend of WMA 
and FSR/E concepts. 
 

 
COMPARING WMA AND FSR/E CONCEPTS 

A watershed management approach broadly aims at protection, 
development and management of land and water resources in an area bounded 
by a drainage divide. Watershed-based resource utilization involves the 
optimum use of an area's precipitation for the improvement and 
stabilization of agriculture on the watershed through better water, soil, 
and crop management (Kampen, 1979). Thus the primary thrust of WMA is 
improvement of the watershed area and its productivity; secondarily 
individual farmers owning land in the watershed are mostly benefited. This 
point is also reflected in the criteria for evaluating watershed 
management plans. According to Gil (1979) economic evaluation of watershed 
plans should be carried out in steps for each work component separately 
and then be combined for all components. These steps are: 

 
* determining project benefits for each component and alternative. 

 
* determining project costs for each component and alternative. 

 
* determining national profitability criteria for each component and 
alternative. 

 
* eliminating alternatives that are uneconomic. 

 
* ranking of alternatives according to internal rate of return and 
choice of the optimal economic alternative. 

 
* attaching intangible and "external" benefits and costs to 
all components. 

 
* summing areas, all components, social benefits and costs 
to obtain a measured total social profitability. 

 
Thus it is possible to imagine a successful watershed management project 
wherein some individual farmers may not benefit as much as others or a few 
may even lose. 
 

FSR/E represents a farmer-directed philosophy of technology 
development and transfer. A strong and meaningful interaction among a 
multidisciplinary team of researchers, farmers and extension workers at 
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the local level is essential. Thus FSR/E focuses more directly on problems 
facing farmers as individuals. The goals/objectives of the (individual) 
farming household tend to take precedence in the progress of designing 
improvement measures (Gilbert et al. 1980). Adoption of FSR/E based 
technology by farmers is completely voluntary. The main premise of FSR/E 
lies in generating technologies that could be "self-sustaining" and "self-
replicating" depending primarily on farmers' 

 
In summary, both WMA and FSR are approaches for problem solving and 

involve communication and cooperation among several disciplines. But WMA 
stresses more on the management of physical resources for their optimized 
utilization whereas conventional FSR/E features biological, agronomic and 
human aspects of the problem. WMA recognizes a watershed (hydrological 
unit) as a system; FSR/E views the farming household (farming unit) as a 
system. WMA is traditionally more concerned with hydrological processes 
with long—term effects and both tangible and intangible benefits; the 
goals, aspirations and perceptions of individual farmers seldom receive 
adequate consideration in this methodology. In contrast, a narrower FSR/E 
methodology is conditioned primarily by farmers' goals and these may not 
take full cognizance of long—term, intangible, interfarm and group 
dimensions of development problems. 

 
A blend of WMA and FSR/E is desirable, and perhaps even essential in 

ecological situations where natural resource constraints can be cost 
effectively broken by improved land and water management practices and 
where interactions among such practices and other farming systems 
components are likely to be significant. We can cite three examples of 
such situations in Indian agriculture. First, in mountainous regions where 
soil losses are potentially high with resulting downstream silting and 
sedimentation of reservoirs, a watershed management approach has yielded 
handsome dividends (Bhumbla et al., 1980). Secondly, in wet rainy season 
cultivated fallow, Vertisol regions of India, improved watershed 
management can add 90 days to the cropping season, reduce soil loss, and 
improve rain utilization (JNKVV, 1980; ICRISAT, 1983). Without a watershed 
management approach an FSR/E program would primarily limit itself to 
postrainy season cropping alternatives. Thirdly, in the hard rock areas of 
peninsular India, by judicious watershed management it may be feasible to 
significantly enhance ground water recharge which increases the options 
for intensified cropping (von Oppen et al. 1983). 

 
FEATURES OF IMPROVED WATERSHED MANAGEMENT 
 

 
Interfarm Improvements in Watershed Management 

An important feature of watershed management projects is interfarm 
improvement components which relate to and affect more than one farm.  
Some common examples of interfarm improvements are: 
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a.  Diverting runoff and seepage from upper regions to protect lower 
regions. 
 
b.  Ground water recharge and exploitation. 
 
c.  Runoff control and drainage improvements in an area. 
 
d.  Runoff collection, storage, and use. 
 
e. Erosion control through integrated use of mechanical measures and 
land use planning. 

 
The benefits and cost of these measures are generally not 

distributed uniformly to all parts of the watershed. Often cost has to be 
incurred in the upper reaches that result in benefits to the lower 
reaches. This leads to a divergence of benefits and costs among individual 
farmers when different parts of a Watershed are under different ownership. 
 

For promoting motivation and participation of farmers in interfarm 
practices, mechanisms should be developed to facilitate equitable 
distribution of benefits among all farmers either through voluntary 
sharing by them or through Governmental action. In many watershed 
management projects in developing countries the cost of interfarm 
improvements is borne by the Government. While it simplifies the financing 
of the project, this practice increases the dependency of farmers on 
external initiative. 
 

 
Size of Watershed 

The size of the watershed may be decided by the following factors: 
 
a. Topographic and physiographic features. 
 
b. Nature of the hydrologic problem and size adequacy for problem 
solving. 
 
c. Number of cooperators and scope for cooperation. 
 
d. Composition and attributes of development agency/agencies 
involved in watershed management program. 

 
As far as possible planning and development should move from smaller 

to bigger and from simpler to more complex watershed units. In general, 
watersheds of smaller size have advantages of involving a small number of 
farmers and less diverse land uses. It is, therefore, relatively easier to 
improve their management. But at the same time the size must be adequate 
for solving the problem at hand. 
 

This point may be better explained by a few examples. If it is 
desired to improve ground water availability in a given area by 
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constructing percolation tanks or similar land use modifications, a 
watershed of 5—30 ha size is too small. Similarly, if flooding of crop 
lands due to runoff from neighboring hills and upland areas is a problem, 
a small watershed will in general not be effective. 
 

But where a major drainage network is already available for an area, 
and where the main aim of development is to improve the local surface 
drainage and guide the runoff to available outlets, a 5 — 30 ha watershed 
is quite adequate. Fortunately, the topography of peninsular India permits 
demarcation of such watersheds. ICRISAT's Vertisol technology described 
briefly in the next section has been verified at several locations in very 
small watersheds units, as such small sizes are considered adequate to 
improve in situ

 

 drainage. In contrast, the Indo-UK Dry Farming Project in 
Indore (India) selected a watershed of about 2700 ha for practices such as 
diversion of upland runoff, gully control, and integrated land use 
planning (JNKVV, 1980). 

 
Steps in Watershed Planning 

The following steps are usually involved in planning for WMA 
(Jaiswal and Kolte, 1981): 

 
*  Preparation of base maps for carrying out surveys. 
 
* Reconnaissance survey of the watershed for overall development. 
 
*  Assessing rainfall characteristics. 
 
*  Preparation of soil maps and classification of lands for different 
uses according to capability for agriculture, forestry, pasture, 
horticulture, etc. 

 
*  Preparation of inventory of existing land uses, and farm sizes. 
 
* Appraisal of agricultural production patterns and potentials; 
present and potential markets and possible group action 
arrangements. 

 
* Carrying out topographic and hydrologic surveys for engineering. 
 
*  Geo—hydrological survey to delineate areas suitable for ground 
water development. 
 
*  Formulation of an integrated time—bound plan for land and moisture 
conservation, ground water recharge, development of productive and 
protective afforestation, agriculture production, grass lands and 
horticulture. 
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*  Assigning of priorities for the implementation of the project. 
 
*  Assessing social costs and benefits. 

 

 
CASE STUDIES OF WATERSHED BASED MANAGEMENT 

 
ICRISAT Vertisol Technology: FSR/E in a WMA Framework 

Background:

 

 Vertisols are cracking clay soils characterized by low 
saturated hydraulic conductivity and imperfect drainage. They are very 
hard in a dry state and sticky in a net condition. On the Vertisols of 
Peninsular India crop yields are quite low under traditional farming 
systems. In a large part of Vertisol area in India the land is left fallow 
during the rainy season in order to raise a postrainy season crop based on 
residual soil moisture; the land is cultivated repeatedly during the rainy 
season to control weeds. ICRISAT identified the replacement of this 
practice by more productive technology as an early goal (Binswanger et al. 
1980). 

Stages in technology development

 

: The stages listed below give an 
idea of range of activities involved. However, these are not necessarily 
sequential as there were overlapping and repetition of several activities: 

*  Analysis of soil, climatic and crop yield data; 
 

*  Researchers' identification and evaluation of reasons for low 
productivity and resource degradation in an ecological zone and 
potential for improvement; 

 
*  Review and analysis of existing research results; component 
research on research station; 

 
*  Conceptualization of prospective technology options; operational—
scale evaluation of promising options in watersheds at research 
station by a multidisciplinary team; understanding of agronomic, 
economic and hydrologic features of selected options; cooperative 
research at selected national research stations. 

 
*  Seminar and training sessions to have a dialogue with research and 
extension workers, and policy—makers of national system, and to 
identify co-operators for on—farm verification studies. 

 
*  On—farm verification studies to: 

 
a) involve farmers in technology testing and adaptation. 
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b)  identify the potential for productivity gains in real farm 
setting. 
c)  identify the institutional and policy constraints. 
d)  provide a feedback to research station for further studies. 

 
Technological description

 

: Through the experimental studies at 
ICRISAT a small watershed integrated approach for Vertisol management was 
evolved. The key components of this approach are: 

*  Cultivating the land immediately after the previous postrainy-
season crop when the soil is not too dry for working. 

 
*  Improved drainage through provision of community drains, field 
drains, and use of graded broadbeds and furrows (Fig. 1). 

 
*  Dry—seeding of rainy—season crops before the monsoon rains arrive; 

 
*  Planting of postrainy-season crops in the stubbles of rainy season 
crops after a shallow cultivation; 

 
*  The use of improved seeds and moderate amounts of fertilizers; 

 
*  Improved placement of seed and fertilizers; 

 
*  Timely interculture and weed control; and 

 
*  Timely plant protection 

 
On—station operational research extending over 5 years (1976—77 to 

1980—81) has shown that this improved watershed management approach 
including such cropping systems as maize intercropped with pigeonpea can 
increase profits by about 600% compared with a traditional system based on 
a rainy season fallow followed by postrainy season sorghum or chickpea. 
This represents a rate of return on the added operating expenditures of 
250% (Ryan and Sarin 1981). In addition to improving the productivity, 
this approach has substantial resource conservation benefits as shown in 
Table 1. It is evident that runoff is reduced by about 50% and soil loss 
by over 80%. 

 
On—farm verification

 

: Site selection criteria for on—farm verifi-
cation trials include: 

a) Anticipated applicability of technology options and untapped 
productivity potential. Rainfed deep Vertisols in 750—1250 mm 
rainfall zone, land slope 0.4 — 3%, pH of soil<8.5, availability of 
small watershed with safe and 
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efficient outlet, primarily upland annual cropping and existing low 
productivity. 

 
b)  Representative land ownership pattern. 

 
c)  Interest shown by farmers. 

 
d) Interest of national research extension, and credit 

 
The on—farm verification studies with a relatively better 

understanding of the potential ecological zone of this technology started 
in 1981—82 on a 14. 5 ha watershed in a village called Taddanpally (Andhra 
Pradesh). In 1982—83 similar studies were taken up in Sultanpur (Andhra 
Pradesh), Begumganj (Madhya Pradesh), and Farhatabad (Karnataka). These 
trials are carried out collaboratively by ICRISAT, State Department of 
Agriculture, and other institutions. The State Departments of Agriculture 
in Andhra Pradesh, Karnataka and Maharashtra on their own initiative 
started tests in 1982—83 in four sites. In 1983, the states expanded their 
testing program to several sites in 28 districts of Andhra Pradesh, 
Karnataka, Maharashtra and Madhya Pradesh. ICRISAT has facilitated this 
process by organizing seminars and training programs and by providing 
technical backstopping. 
 

Interest shown by farmers was one of the criteria for choosing 
watershed sites for on—farm verification. In the first year, community 
drains, field drains, land shaping, and broadbed and furrows were planned 
and laid out on the entire watershed area. 
 

Fertilizers, seeds, pesticides, petrol, hired labor and bullocks had 
to be paid for by the cooperating farmers. The elements that were provided 
free of cost to them but those which normally they would be expected to 
pay for in full or in part were: 

 
*  Surveying and planning the watershed layout. 

 
*  Construction of community drainage channel. 

 
*  Use of wheeled tool carriers and improved implements which 
accompany them. 

 
*  Use of power sprayers. 

 
*  Rodent control. 

 
A useful device to enlist farmers' cooperation was a guarantee from 

ICRISAT that participant farmers would not earn less than they would 
expect from crops grown under traditional management. In addition to 
monitoring inputs/outputs on improved watershed plots, we also monitored 
plots selected to be representative of traditional cropping patterns and 
management. 
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Farmers were encouraged to choose cropping systems of their 
preference; however, agroeconomic and hydrologic advantages of rainy 
season cropping and early vegetative cover (based on results at ICRISAT-
Center) were explained to them. Most of the participating farmers used the 
recommended technology in the first year. 

 
The improved technology options have demonstrated their high 

profitability in the on-farm verification trials (Ryan et al. 1982; Walker 
et al. 1983). The marginal rate of return ranged from 26 to 381% Table 2). 
In the three larger verification trials in the succeeding year 16 of the 
original 31 decision making farmers continued their participation (Table 
3). Since the subsidies provided are small and the farmers must carry out 
the operations themselves, a 50% level of participation suggests that 
there is scope for wider diffusion of the technology (Walker et al. 1983). 
 

 
A MORE CONVENTIONAL WMA EXPERIENCE WITHOUT FSR/E 

Jaiswal and Kolte (1981) conducted a case study of implementation 
and effectiveness of G.R. Halli Watershed Project located in Chitradurga 
district, Karnataka (India). This 314 ha watershed was developed as a 
model to serve as an example of watershed development efforts in drought-
prone areas. The watershed plan was drawn up by subject-matter specialists 
and handed over to the Project Director, Drought Prone Area Program for 
implementation. Jaiswal and Kolte state that: 

 
a)  Almost all the officials of the project blamed the farmers for 
their negative attitude towards the recommended practices of 
watershed plan. In their view it was the main problem that led to 
the failure of the program. 
 
b)  The farmers did not appreciate several aspects of the project as 
they were not involved in the planning. They were not convinced 
about the utility of recommended practices either. 
 
c)  There was lack of proper coordination amongst the different 
development agencies. 
 
d)  Farmers did not receive adequate credit support primarily due to 
procedural difficulties. 
 
These findings are typical of planning at the top without the 

involvement of the lower functionaries and the farmers (Jodha, 1983). Many 
of these weaknesses could have been eliminated or at least deduced through 
a judicious FSR/E orientation of the project. 
 
WATERSHED MANAGEMENT PROGRAM FOR RAINFED AREAS IN INDIA 
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In recognition of the need for natural resource development and 
management, an extensive program has been launched in India to improve the 
productivity of rainfed areas through integrated planning on the basis of 
microwatersheds. More than 4000 such watersheds have been identified 
throughout India and an integrated program covering crop and plant 
technology, land and water conservation and re-use measures, and 
extension, cooperation and credit support, is being pursued. 

 
Forty-two model watersheds are being developed with collaboration 

from the Indian Council of Agricultural Research and Indian agricultural 
universities which will serve as demonstration cum-training centers. These 
watersheds will be monitored intensively in a number of technical and 
socioeconomic dimensions which will provide indications for taking up 
further steps to develop such areas (Das, 1983). 

 
In the light of our experience in watershed based Vertisol 

management technology we feel that effectiveness of this program could be 
increased by using a blend of FSR/E and WMA concepts. 
 

 
STRENGTH AND WEAKNESSES OF WATERSHED BASED FSR/E 

 
Attributes of Watershed Based FSR/E 

The distinguishing and positive attributes of watershed based FSR/E 
are: 
 

*  It seeks to strike a balance between natural resource management 
and human aspects of problem solving. Thus it recognizes the role of 
physical, biological and social scientists in all phases of research 
and development. 

 
*  It explicitly recognizes two levels (tier) of system integration - 
one at the farmer level and the other at the watershed level; 
planning and evaluation are made at both levels. 

 
*  It also sees complementarity and conflict between the two levels 
of integration and seeks to harmonize them wherever possible. 
Policies for agricultural development should seek a convergence of 
individual and societal needs and goals. 

 
*  It recognizes that although it may be possible to develop 
technically optimal technology for a natural resource situation, it 
is to be used by individual farmers and their groups. They may have 
a primary role in properly maintaining the assets created. 
Therefore, technology should ha flexible enough to be adapted and 
modified at the local level. Thus on-farm verification and 
adaptation is a key element of watershed based FSR. Farmers in 
cooperation 
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with extension workers and investigators determine what is the best 
technology for their situation by exploring a range of technology 
options through a process of inquiry and self-discovery rather than 
through force-feeding of ready-made solutions. This is particularly 
true for intrafarm components. 
 
*  It relies primarily on farmers' voluntary participation and 
initiative. Thus it relies largely on the extension approach of 
technology diffusion. 
 
*  It seeks to institutionalize equitable distribution of benefits 
and costs in all parts of a watershed. Ideally speaking it should 
seek to institutionalize measures favorable to resource-poor 
farmers, landless laborers, and other groups in a rural society. 
 

 
Limitations of Watershed based FSR/E 

When deciding whether or not to carry out FSR/E in a watershed 
management framework, strengths should be evaluated against weaknesses. In 
theory a watershed management approach is robust, but it can be difficult 
to carry out in practice. 
 

Research on land and water management practices is more intensive in 
its demand for land than in the more conventional FSR which features 
small-plot cropping systems trials. Land and water management practices 
seldom truly express themselves unless plot size is reasonably large; this 
means that fewer treatments and replications are possible for a given 
level of research expenditure. For example, in on-farm testing, 
verification watersheds may range from 5 to 30 hectares. Although 
component testing within the watershed is desirable it still requires 
sufficient area for full expression of effects. Therefore it may take more 
time and be more costly to divide a watershed technology package into its 
economic components to measure separate contributions from components or 
clusters of components. 
 

A watershed approach is not self-replicating because it requires 
government investment on a project basis much like the construction of 
irrigation command areas. If the government is constrained in implementing 
projects, farming systems research contingent on natural resource 
improvement may not find its way to farmers' fields. In particular, soil 
and water conservation staff are the key extension personnel in a 
watershed management based FSR/E approach. If they are not trained, 
diffusion will be slow and ineffective. 
 

A watershed-based approach places greater reliance on beneficiaries 
being able to socially organize themselves to construct and maintain 
community works. The requirements for group action can be lessened through 
a more flexible and pragmatic approach to technology generation 
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and diffusion. In the Vertisol technology options, field boundaries of 
farmers are respected and farmers are free to choose cropping systems. 
Moreover, we have not found supplemental irrigation profitable in wet 
Vertisol regions. Therefore, we do not recommend construction of on-farm 
ponds whose management can be intensive in its demand for social 
organization (Doherty et al. 1982). Nevertheless, effective watershed 
development still requires a minimum level of social organization. For 
example, in the Vertisol technology options, it is highly desirable, if 
not essential, that all farmers participate in the first year when main 
and field drains are completed and when the watershed is developed. But we 
find that many farmers in the watershed will have previously defaulted on 
loans and therefore are poor credit risks which institutionally limits the 
scope for group action (Walker et al. 1983). By concentrating on what is 
optimal a watershed-based FSR/E may bypass more rapid but less significant 
longer-term gains forthcoming from a more narrow FSR/E approach. By 
including land and water management engineers and soil conservation staffs 
within FSR/E there may be a tendency to concentrate on those environments 
where payoffs to land and water management are high but where investment 
costs are also high. Potential technological opportunities may be 
overlooked in regions where natural resource constraints do not limit 
agricultural productivity and where less comprehensive measures are 
needed. 
 

Lastly, watershed management investments such as on-farm ponds and 
percolation tanks are themselves susceptible to "social leakages" if they 
are heavily subsidized by the government. To comply with targets, project 
staff often select projects that can easily be administered and carried 
out. Administrative ease may not be in the social interest, particularly 
if subsidies make it profitable for political factions to lobby for a 
scheme for their constituents. 
 
 

 
CONCLUDING COMMENTS 

In many areas of the SAT, improved management of land and water 
resources is crucial for future agricultural development. The farm family 
based model of FSR/E is inadequate for development and transfer of 
integrated technologies that include land and water management components 
having interfarm implications. Watershed units provide a logical framework 
for diagnosis and for alleviation of land and water related problems. 
 

FSR/E can more substantially contribute to agricultural development 
in the SAT if it is conducted within overall WMA framework. This suggests 
a need for blending the WMA and FSR/E concepts and methodologies. We 
emphasize that the optimal blend of the WMA and FSR/E depends upon 
analysis of the problem and availability of trained manpower. 
 

At this point in time there may be a relatively small number of 
developing countries that have the requisite institutional capacity to 
carry out FSR/E within a watershed management framework. But such a 
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capacity should gradually develop over the next decade or so. For this 
reason, it is important to carefully monitor and analyze specific 
experiences like those in India where FSR/E is being carried out within a 
watershed management framework. 
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Table 1. Runoff and soil loss under two differently treated Vertisol 
watersheds at ICRISAT Center. 

 

Year 
Rainfall 
(mm) 

(seasonal) 

Broadbed and furrow 
layout with improved 
crop management system 

 
Traditional flat with 
bunds, rainy season 
fallow system 

Runoff 
(mm) 

Soil loss 
tonnes/ha  Runoff 

(mm) 
Soil loss 
tones/ha 

 
1976-77 

 
688 

 
73 

 
0.80   

238 
 

9.20 
 
1977-78 

 
586 

 
1.4 

 
0.04   

52.7 
 

1.68 
 
1978-79 

 
1125 

 
273 

 
3.40   

410 
 

9.70 
 
1979-80 

 
690 

 
73 

 
0.70   

202 
 

9.47 
 
1980-81 
 

 
730 
 

 
116 
 

 
0.90 
 

 
 

166 
 

 
4.58 
 

 
Mean 
 

 
763.8 
 

 
107.3 
 

 
1.17 
 

 
 

213.8 
 

 
6.93 
 

(Source: Miranda, et al. 1982). 
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Appendix Table 1. Difference in the way various research activities  
 treat factors influencing crop production. 
 

Research 
activity 

Physical resources  Economic resources 
(power, cash, labor) 

Crop Manage-
ment  

To 
farm 

 
Within 
farm 

Within 
crop 

production 
 

 
To 
farm 

 
Within 
farm 

Within 
crop 

production 
 
Resource 
management 
 

^ ^ ^=  = = = = = 

Farming 
systems 
 

= 
 

^ 
 

^ 
  = 

 
^ 

 
^ 

 
^ 

 
^= 

 

Cropping 
systems 
 

= 
 

= 
 

^ 
  = 

 
= 

 
^ 

 
^ 
 

^ 
 

Institutional 
constraints  
 

= 
 

= 
 

= 
  ^ 

 
^ 
 

^ 
 

= 
 

= 
 

Agronomy 
 

= 
 

= 
 

= 
  = 

 
= 
 

= 
 

= 
 

^ 
 

Source: Zandstra, H.G. 1978 
 
^ - treated as variable 
= - treated invariant 
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Table 2. Comparing the profitability of improved deep Vertisol technology options with farmers’  
  traditional practices in several watershed tests from 1981-82 and 1982-83. 

 
Watershed test site description  Comparative profitability 

Village 
(District) 
(State) 

Year Area 
ha 

No. of 
far-
mers 

 Weighted average profits (Rs/ha)*  Operational cost (RS/ha)* Marginal 
rate of 
return%  Improved Tradi- 

tional 
Differ- 
ence  Improved Tradi- 

tional 
Differ- 
ence 

 
Taddanpally 
(Medak) 
(Andhra Pradesh) 

1981-82 
1982-83 

14.5 
 

12 
4  3055 

3957 
1625 
1722 

1430 
2235  1181 

1035 
595 
448 

586 
587 

244 
381 

 
Sultanpur 
(Medak) 
(Andhra Pradesh) 

1982-83 
 

26.7 
 

12 
  3576 

 
1722 
 

1854 
  1062 

 
448 
 

614 
 

302 
 

 
Farhatabad 
(Gulbarga) 
(Karnataka) 

1982-83 
 

17.5 
 

3 
  3323 

 
2186 
 

1137 
  1194 

 
1142 

 
52 
 

a 
 

 
Begumganj 
(Raisen) 
(Madhya Pradesh) 
 

1982-83 
 
 

24.0 
 
 

10 
 
 

 
1172 
 
 

786 
 
 

386 
 
 

 
2348 
 
 

866 
 
 

1482 
 
 

26 
 
 

* Rs.10 = 1 US $ (Approx) (Adapted from Walker et al. 1983 
a The differences in operational cost are too meager to make a meaningful comparison. 
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Table 3. Farmer participation in the watershed tests. 
 

Watershed 
test site Year 

Participation 
Farmers Land 

Number % of 
totala 

Area owned by 
participants 

(ha) 

% of totala 
land in the 
watershed 

 
Taddanpally 

 
1982-83 

 
4 

 
36 

 
5.50 

 
38 

 
Taddanpally 

 
1983-84 

 
4 

 
36 

 
5.50 

 
38 

 
Sultanpur 

 
1983-84 

 
4 

 
33 

 
7.08 

 
27 

 
Begumgunj 
 

 
1983-84 

 

 
8 
 

 
80 
 

 
16.20 

 

 
68 
 

(Source: Walker et al. 1983) 
 
a Based on the number of farmers and area covered in the first year of the 

development of the watershed. 
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Figure 1. A vertisol watershed with three alternative soil and water 
conservation and management practices. 
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AQUACULTURE AS A FARMING SYSTEM: 
POTENTIALS AND LIMITATIONS OF THE FSR APPROACH 

 
 

Joseph J. Molnar 
L. Upton Hatch 
Bryan L. Duncan 

Gregory M. Sullivan 
 
 

Aquaculture is the husbandry of fish or other water-based species in 
a controlled environment (Shell, 1983; Lovell, 1979). Aquaculture or fish 
farming can be contrasted with marine or capture fisheries which exploit 
naturally occurring populations in an unmanaged environment. Aquaculture 
may be practiced in ponds, cages, or enclosed sections of rivers or lakes, 
in fresh, brackish, or salty water (Brown, 1977). 
 

Farming systems research (FSR) is a prescriptive model of combining 
research and extension activities toward agricultural development (Shaner 
et al., 1982; Andrews and Hildebrand, 1982; Norman et al., 1983). The 
approach is characterized by an emphasis on interdisciplinary activity 
among biological and social scientists, giving particular attention to 
indigenous managerial know-how. The primary aim of FSR is to increase the 
overall productivity of the farming system and to increase the welfare of 
the individual farm family in the context of both private and societal 
goals and within the constraints of the existing farming system. 
 

The purpose of this paper is to explore the relevance of the farming 
systems concept for aquacultural development. We review the origins and 
fundamental precepts of the farming systems approach. One objective, 
therefore, will be to attempt to apply the FSR model to the practice of 
aquacultural development. Aquacultural technology is examined in terms of 
indigenous knowledge systems and the unique institutional and 
infrastructural requirements of fish farming, although many times 
aquaculture is introduced de novo

 

 and indigenous knowledge systems do not 
exist. Aquaculture, like irrigation systems (Coward, 1983) and some 
pastoral enterprises, sometimes is premised on group and community 
organizational mechanisms that have not been reconciled with the FSR 
concept. Finally, we consider the major stages in the FSR process, 
identifying the special needs and characteristics of fish farming to be 
considered in undertaking a FSR approach to aquacultural development. 

 

 
AQUACULTURE AS A SOURCE OF FOOD 

Aquaculture has been a traditional source of food in some parts of 
the world, particularly China, Southeast Asia, Japan, and a number of 
places in the Pacific. Aquaculture, as a farming activity, may be 
distinguished from capture fisheries in which fish are taken from 
naturally occurring populations in streams, rivers, lakes, coastal waters, 
or the open ocean. 
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The world catch of fish was approximately 4 million metric tons in 
1900. With increased effort and improved technology, the total world 
capture harvest of aquatic plants and animals (excluding whales) from the 
oceans and freshwaters increased to 10 million tons in 1930; to 20 million 
tons in 1950, and to 70 million tons in 1970. Since 1970, the total world 
fish harvest has fluctuated around 70 million tons annually, ten percent 
of which is produced from aquaculture. 
 

Fishery scientists generally agree that further increase in the 
world fish catch is doubtful given present technology, high energy costs, 
and the replacement characteristics of the fishery resource (Jackson, 
1981). Furthermore, it does not seem practical to increase the catch from 
natural waters without seriously damaging the capacity of wild stocks to 
maintain themselves. As the world population and the demand for fish 
increases, aquaculture has the potential to be an increasingly important 
source of supply (Shell, 1975). 
 

Fish is the only major animal food whose availability continues to 
be determined by capture of wild stocks. Following the history of 
domestication and application of production technology to other species, 
fish culture seems to be an inevitable next step in the progression of 
animal agriculture. Aquaculture is rapidly evolving toward the level of 
domestication and understanding already reached with more traditional 
forms of animal husbandry. 
 

 
The Production Process 

Many kinds of fish and seafood can be produced through aquaculture 
including lobster, shrimp, trout, salmon, crawfish, flounder, and catfish. 
In developing countries, tilapia, carp, and milk fish are among the most 
appropriate and most frequently cultured species. The aquacultural 
production system has several parallels to the pastoral husbandry of 
livestock in a confined area, although there are a number of unique 
characteristics as well. 
 

Aquaculture requires suitable species, nutrients, good water 
quality, and control of predators and disease. The fish are contained in a 
tank, cage, or pond and nutrition is supplied directly as manufactured 
feed, or indirectly through fertilization of the water to induce growth of 
a planktonic "pasture," which is "grazed" by fish. When they reach an 
appropriate size the fish are removed and then consumed by the household, 
directly marketed, sold to a middleman, or sent to a processing plant. 
Fish are harvested by net, by draining the pond, trapping, or even by 
hook-and-line, depending on the level of production intensity (Smith and 
Peterson, 1982:3-4). 
 

In some instances, fish are continuously harvested from a single 
pond to meet family or community food needs. In others, a series of ponds 
is employed to simultaneously produce seedstock (or fry) and grow other 
crops of fish to marketable size for regular harvest (Lovshin and Pretto, 
1983). The production system then involves brood, nursery, and 
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grow-out ponds that assure a stock of fingerlings to regularly replace the 
harvest of market-size fish. 
 

There are nearly as many variations in methods for fish farming as 
there are for growing other crops. Fish farms may be operated by an 
individual, family, cooperative, or large business. The environment may be 
artificial (a constructed pond, irrigation impoundment, or a concrete 
tank) or natural (existing ponds, bays, or protected waterways). Floating 
cages, raft systems, net enclosures, or other structures may be used to 
segregate and control fish populations (see Figure 1). 
 

The intensity of the production system may vary widely. Basic low 
intensity systems add no fertilizer of feed to the pond, simply stocking 
fish and harvesting at an appropriate time. More intensive management adds 
animal waste or chemical fertilizer to enhance the growth of plankton for 
increased fish production. A highly intensive system may supplement or 
supplant naturally occurring nutrients with grain or other exogenous 
sources of nutrition. As intensity increases, the timing and care of 
management practices become increasingly critical; disease, oxygen, and 
other water quality requirements must be more closely monitored. High 
intensity systems generally mean higher costs and higher risks for the 
producer. 
 

A significant amount of fish farming takes place in conjunction with 
other crops and animals (Pullin and Shedhadeh, 1980). Integrated 
livestock-fish, fowl-fish, and rice-fish farming systems have been 
practiced for centuries in Asia (Delmendo, 1980). Aside from crop 
production, many Asian small farmers have a few head of livestock (cattle, 
buffalo, or pigs) and small flocks of ducks or chickens. Where there is 
adequate water supply, a small fishpond is maintained. 
 

As a system where practically nothing is wasted, integrated 
aquaculture maintains an ecological balance and generates a variety of 
food products which often provides some cash income (McDowell and 
Hildebrand, 1980). The fish eat naturally occurring plants or algae 
combined with kitchen leftovers. Animal manure serves as a fertilizer for 
the crops, vegetables, and fishponds (Delmendo, 1980:59). The manure 
fosters the growth of algae which are in turn consumed by the fish (see 
Figure 2). 
 

 
Aquaculture as Development 

Although the primary motivation for aquacultural development often 
is to improve the food supply and increase income, the introduction of 
aquaculture may not have the pervasive effect in a community or region 
that may accompany the introduction of new agricultural crops. Fish 
farming supplements, but does not replace traditional food sources, and a 
smaller part of the population is involved in production. Aquaculture does 
have the potential to provide more calories and to enhance the 
availability of protein for some undernourished segments of the population 
(Smith and Peterson, 1982:2-3; Grivetti, 1982). In selected 
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Figure 1. Pond facilities illustrating the technology 
 

 
 
 

Field preparation for rice-fish culture in Japan showing the inlet, 
outlet, sump and connecting channels. 

 

 
 
 

Screening devices for inlets and outlets from one field used for rice-fish 
culture. 
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Figure 2. Process and arrangements for integrated aquaculture production 
  (Pullin and Shehadeh, 1980:63, 150) 

 

 
 

A diagrammatic representation of the breakdown of animal manure in fish 
ponds and its nutrient pathways in the polyculture of Chinese and common 
carps. 

 

 
 

Diagrammatic representation of a small-scale integrated farming system 
employing rotation between two level plots of land, as practiced in the 
central plain of Thailand. 
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locales that possess underutilized human and water resources, land 
unsuited for other uses, and an undernourished population, fish farming 
can make a distinct contribution to human well-being. 
 

In addition to the primary products of food and income, a number of 
secondary benefits accrue to the practice of aquaculture. First, small-
scale production already is practiced at low intensity in many places, and 
can be readily introduced in others. Second, aquaculture often is not 
competitive with other food systems for high quality land as it often 
makes use of an idle or underutilized lowlands or hillsides. Third, soil 
loss is not usually associated with fish production and a number of land-
saving and environmental benefits al so accrue to aquaculture. Fourth, a 
pond water resource is created for uses other than aquaculture, e. g. 
certain household needs, garden irrigation, stock watering, etc. Finally, 
there are compelling reasons for many developing nations to produce fish 
in view of their naturally endowed resources and a growing or 
undernourished population (Brady, 1983). 
 

 
FARMING SYSTEMS RESEARCH 

Farming systems research considers the farmers and their problems in 
a comprehensive manner using an interdisciplinary approach that comple-
ments existing research and development activities and is inter- active, 
dynamic, and responsive to society (Shaner et al., 1982: 18). FSR relies 
on indigenous knowledge systems as a base for evolving better 
technologies. The primary aim of the FSR process is to increase the 
system's productivity in the context of the entire range of private and 
societal goals, given the constraints and potentials of the production 
systems that farming families currently practice (Norman et al., 1983: 
23). 
 

 
Origins of FSR 

Farming systems research is in part a reaction to the inadequacies 
of earlier perspectives on the lag between agricultural knowledge and farm 
practice (Monu, 1983). The diffusion of innovations research model and the 
progressive farmer strategy emphasized the trickle-down of technology 
through interpersonal networks and emulation of visible success (Rogers, 
1983). Pollnac (1982) applies the adoption-diffusion model to aquaculture 
development but the emphasis has shifted from the social and demographic 
characteristics of potential adopters to spatial and institutional factors 
which facilitate the implementation of technology (Brown, 1981). 
 

Monu (1983) argues that the adoption-diffusion approach takes the 
point of view of the originator of an innovation who bases the improvement 
on a presumed receiver's needs. The assumption is that the developer of 
the innovation can produce technology that closely fits the intended 
situation and responds adequately to the presumed needs of the 
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implementors. Many times the technology is assumed to fit across a variety 
of cultural and agronomic circumstances and would be used if it were 
simply made available. The receiver is treated as a passive partner in the 
transaction. 
 

The FSR approach, in contrast, treats the farmer as an active 
participant in the process. The objective is to design and develop 
solutions that emerge from existing practice and respond to the family and 
socio-cultural imperatives of the situation. FSR explicitly recognizes the 
value of the farmer's knowledge, based on experience and annual 
experimentation in improving productivity (Behnke and Kerven, 1983). 
Building on the constraints of the physical system, the goals of the 
farmers themselves, and the successful parts of the method they already 
use, a broader base for continued improvement and technology transfer 
through interaction with researchers and extensionists is established. 
Farmer involvement also means that the system itself (and not simulations, 
trial plots or laboratory models) is the site of experimentation. 
Realistic results then can be obtained by perturbing the actual situation 
via farmer managed trials (Norman et al., 1983:22). 
 

Farming systems research also is in part a reaction to the growing 
recognition among developing nations that a Western social structure and a 
Western cultural outlook accompany Western technology. Galtung (1979) 
points out that while technology can liberate some from degrading work and 
increase productivity, it also can introduce a form of alienation or sense 
of separation from the community among those who shift to the outsider's 
practices. 
 

His solution emphasizes the development of technology that relies 
primarily on indigenous skills and capabilities to maximize the 
opportunities to meet both material needs and culture- consistent non-
material needs. More recently, Dahlman and Westphal (1981) use the term 
technological mastery to describe the long-term goal of development 
assistance -- an autonomous ability to identify, select, and generate 
technology. In the meantime, FSR provides a mechanism to interactively 
identify technology that fits material requirements and is sensitive to 
cultural needs. 
 

As farming systems research attempts to generate improvements in 
existing production methods, it pays particular attention to the need for 
a full understanding of why and how a crop or animal is part of the 
existing farming system. Although soil, rainfall, and temperature are 
fundamental environmental parameters circumscribing what is possible in a 
given locale, FSR considers perceptions of risk or variability in these 
parameters as it affects farm decisions. Concentric sets of constraints 
emanate from individual ability and attitude, labor availability in the 
family, the roles and responsibilities of family members (particularly 
women), the social patterns of village life, and the norms that define 
acceptable behavior and orientations to change (Baker et al., 1983). 
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FSR and the Experiment Station 

Norman and his colleagues (1983:15) argue that the perspective that 
emerges from the conduct of farming systems research is useful in 
highlighting critical issues in agricultural development and in designing 
more appropriate development strategies and support systems. Recognizing 
the pivotal role farm households play in determining actual farming 
systems, the involvement of farmers and their households in the process of 
agricultural research increases the efficiency of the effort by ensuring 
that the relevant technology is generated and adopted by the intended 
users. Thus FSR attempts to overcome the traditional experiment station 
view of the farmer as a passive recipient of research results. 
 

Experiment Station research tends to focus on fundamental chemical, 
biological, or agronomic mechanisms, knowledge of which is extended in the 
form of farm-level recommended practices. Experiment Station research 
often considers only one or two factors while controlling all the others. 
In contrast, FSR implies a more holistic orientation that recognizes the 
interdependence and interrelationships of the technical and human elements 
within the farming system (Norman et al., 1983:22). The FSR approach 
diversifies the methodologies of agricultural scientists by alerting 
researchers to the fact that knowledge on how new technologies articulate 
with the farming system as a whole must be added to experimentally-derived 
knowledge generated at the experiment station (Flinn and Buttel, 1983). 
 

Although farming systems approaches have not been without criticism 
(Garrett, 1983), they do facilitate the diversification of agricultural 
knowledge and the ability of peasants to utilize new technologies with 
minimal disruption to traditional farming practices. Farming systems 
research, however, requires large numbers of multidisciplinary research 
teams. Therefore it is labor intensive and expensive, especially for 
countries with shortages of trained scientists. Moreover, farming systems 
research results tend not to be a substitute for experiment station 
research on more fundamental aspects of plant and animal production. 
 

FSR has the potential for great complexity because of its system 
focus and holistic character. Norman and his colleagues (1983: 23) make a 
useful distinction between variables and parameters as means for 
understanding the nature of different types of farming system research 
projects. The environment of a farm enterprise consists of technical and 
human elements that exist in a manifold variety of combinations. Instead 
of assuming that all factors can be potential variables subject to 
manipulation, some are treated as parameters (or given conditions) not 
subject to manipulation. For any given FSR program, the mixture of 
variables to parameters is determined by the institutional setting, 
linkages to extension, and the level of available support (in terms of 
time, skill, manpower, and financial resources). A limited mandate with 
few resources implies a focused FSR program, where a broad mandate with a 
high degree of political support and other resources may support an open-
ended FSR program with more variables and fewer parameters. 
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AQUACULTURE AS A FARMING SYSTEM 

This section of the paper employs the Norman et al. (1983) model of 
FSR stages to identify major sets of variables that might be encountered 
in fish farming systems research. The four stages are: diagnosing the 
present system, designing improved systems, testing improved systems, and 
extending the improvements (see Figure 3). Others, particularly Shaner et 
al., (1982:28), have identified similar sets of activities, but the Norman 
et al, model seems to provide a concise summary appropriate to an initial 
survey of the approach for application to a specific enterprise, i.e., 
aquaculture. 

 

 
Diagnosing the Present System 

The objective of this stage is to understand the farming systems 
that are practiced in the target areas. This enables the FSR team to 
determine the constraints and flexibility in the current farming systems, 
including timing, skills, slack resources, etc, (Norman et al., 1983:24). 
Fish farming systems research projects often differ from other enterprise-
focused efforts in several fundamental ways. 

 

 
Aquaculture as a New Enterprise 

Although a long-standing practice in China and some parts of 
Southeast Asia, in other locales aquaculture may be introduced as an 
entirely new enterprise where indigenous knowledge systems do not exist. 
When on-farm water systems have been used primarily for stock watering, 
irrigation, and perhaps casual harvest of naturally occurring fish 
populations, intentional culturing of fish is often a novel concept. Thus 
the on-farm research program must begin with fundamental instruction in 
the concept of fish-as-a-crop, management of the aquatic environment in 
terms of food, oxygen and water quality requirements, and the nature of 
aquatic reproductive processes. 

 
Once facilities have been defined or constructed and the basic 

concept has been grasped, initial operation of the fish farming system can 
begin. Knowledge of operating parameters, responses to typical problems, 
and other practical considerations are acquired through low-intensity 
operation of the system. The technology often is directly transferred or 
injected into an existing system with an underutilized water resource. 
Thus the first stage of the prototypical FSR approach is much different in 
aquaculture, except in those areas where fish culture has been practiced 
for many years. 

 
Fish FSR may be more dependent on certain environmental or 

institutional constraints than other enterprise-oriented productivity 
improvement programs. For example, seed stock in aquaculture is a 
perishable commodity not readily distributed to remote or distant locales. 
Fish fry require an aquatic environment and have certain oxygen and 
temperature tolerances. Once established, the activity is relatively 
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self-perpetuating, but nevertheless requires a quite different set of 
skills and precautions from other types of animal agriculture. 
 

Fish reproductive processes are somewhat different from traditional 
land-based animals. Some species require sex-segregation, intermingling 
with different types of species, and other complex management strategies 
that generally are not immediately understandable by the peasant farmer. 
Problems can often be avoided by selecting appropriate species for 
introduction. Tilapia is often chosen on the basis of its ease of 
reproduction. Nevertheless, a comprehensive package of concepts and 
technologies must be introduced and established prior to the advent of 
actual on-farm trials, experimentation, and productivity improvement. 
 

Where aquaculture already exists, the prototypical FSR strategy may 
be implemented. Indigenous knowledge systems, however, may be inadequate 
for absorbing and implementing more intensive management approaches. 
Farmers may lack the conceptual framework to diagnose and manage the 
aquatic system. Thus previous arguments about an initial one-way transfer 
or burst of fundamental knowledge may still apply when intensification is 
the path of productivity improvement. 
 

It should be noted, however, that the introduction of aquaculture 
technology, while generally representing a discrete (rather than an 
incremental) change in farming practice, can draw on previous experience 
with dry-land species. In many places, managing an animal population is a 
central element of traditional agriculture. Although controlling a fish 
population requires some unique skills, feeding and maintaining a group of 
animals is an activity in which traditional farmers often take great 
pride. Individuals often can derive a similar level of satisfaction from 
producing a large fish as any other domesticated animal. Aquaculture has 
many parallels to existing animal enterprise systems, but is done in a 
water-based environment. 
 

 
Aquaculture as a Group Activity 

Although an individual or family activity in most situations, fish 
farming often is conducted on a cooperative basis. A second series of 
concerns relate to the conduct of FSR efforts emanate from the group or 
collective management requirements of many aquaculture production systems 
(Moris, 1980). Like irrigation systems, the success of community or multi-
family fishponds requires a supportive normative structure to keep effort 
and rewards in relative equilibrium. A set of informal rules and 
understandings is necessary to sustain the enterprise over time. 
Recognizing the complexities of this task, McGoodwin (1982), for one, 
argues that the household is the appropriate level for aquacultural 
production in rural societies lacking supra-household organizational 
structures. In other words, erecting a set of social arrangements to 
support the production system may be as formidable a process as 
transferring the technology. 

 
Many FSR projects focus on an enterprise or combination of 

enterprises on a single farm or in a single farm family (Flora, 1983). 
 



 382 

Figure 3. Schematic framework for farming systems research at the farm level: Downstream farming 
systems research (Norman and Gilbert, 1981:23) 
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When success of the farming system is predicated on cooperative 
management, technology transfer must be accompanied by an infusion of 
social organization to govern the operation of the enterprise if none 
existed before. Normative structures are not directly injectable into 
community or village life, but are emergent phenomena that develop in the 
context of experience and interaction over the substantive issues. 
Precedents may lie in collective pasture management, use of irrigation 
facilities, or other forms of collective activities. When no previous 
structures exist, establishing rules for cooperative management may be the 
greatest obstacle to technology transfer (Peterson, 1982). 
 

One consequence of the lack of previous experience with fish farming 
as an enterprise and the group nature of some aquaculture projects is that 
there may be little basis for carrying out an initial description or 
diagnosis of the present fish farming system. Instead, the initial survey 
of households and operators may assess the previous experiences and future 
potential for collaboration in collective agricultural activities (Pollnac 
et al., 1982:136). The fit of aquaculture in terms of time devoted to 
other enterprises and the labor impacts on the family are important 
considerations. 
 

A willingness to contribute labor, past successes in shared 
activities, confidence that distributive justice is usually achieved when 
families work together, all seem to represent positive preconditions for a 
successful fish FSR program. When a legacy of resentment, low interest, or 
failure in community collaboration exists, and the objective is to 
establish a cooperatively managed endeavor, the potential for aquaculture 
may be limited. Some communities may require an especially talented or 
charismatic fish FSR extension counterpart to overcome barriers and foster 
collaborative efforts. Where leadership is indigenous and positive 
community attitudes prevail, FSR may focus on the technical aspects of the 
farming system (Espinoza, 1982). 
 

In many developing nations, village groups have been organized to 
operate fishponds, but often these projects have failed (Grover et al., 
1980). Some community managed ponds have done well in Panama, according to 
Schwartz and Lovshin (1983). The ponds fit the needs of the residents and 
some minor conflicts with a neighboring settlement encouraged local 
cohesion which focused energy on the pond as a community activity (Hatch, 
1983). In addition, sponsorship by a local politician and a particularly 
enthusiastic cadre of extensionists facilitated matters. Finally, the 
consultant's responsiveness to local technology allowed the farming system 
to integrate a cattle corral with the pond, evolving an opportunistic fit 
with the existing farming system. 
 

 
Designing Improved Systems 

This stage focuses on the interaction between experiment station 
trials and the indigenous experiences of the farmers. Improved 
technologies that seem to overcome or avoid the constraints identified 
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in the first stage are specified. The technical literature may contain 
ideas that meet the needs, or new solutions may have to be sought. In 
aquaculture, water supply is often an important limiting resource. When 
constraints are not binding, fine tuning to local conditions may be 
addressed; otherwise more comprehensive responses are required (Norman et 
al., 1983:27). 
 

At this point, the existence of aquaculture research facilities in 
the country is an important precondition. When none exists or is only 
beginning to generate research, findings and experience from other 
countries using similar species in similar hydro-climatic conditions may 
be the only source of recommendations (Shell, 1980). In the U. S., Auburn 
University's International Center for Aquaculture has been a major focus 
for the development and diffusion of aquacultural technology. Similarly, 
the International Center for Living Aquatic Resource Management (ICLARM) 
has been a source of some adaptive research, although the overall impact 
of the various international centers (IRRI, CIMMYT, etc. ) has been a 
subject of discussion (Griffin, 1974; Hayami and Ruttan, 1974). 
 

Limited indigenous experience and competence in the enterprise may 
limit this stage of FSR. The nature of the combination of parameters and 
variable characterizing the new locale may offer constraints and 
opportunities not experienced in other situations. Thus a so-called 
"upstream" FSR program may be appropriate strategy, at least at the 
outset. 
 

"Upstream" types of FSR programs have a developmental orientation 
and usually do not provide results for immediate adoption by farm families 
(Norman and Gilbert, 1981: 22). When aquaculture is introduced into a new 
nation or region, there is an adaptive process of using proven technology 
from other regions and making the modifications most appropriate to the 
new location. 
 

"Downstream" FSR programs have an adaptive orientation and aim at 
developing and introducing strategies that will improve the productivity 
of farming systems for target groups of families in the short run. 
Available information is selectively drawn upon in the process of 
designing practices or recommendations for a particular fish farming 
system on the basis of the constraints of that system. For example, the 
initial year of a project may focus on identifying an optimal grow-out and 
harvest cycle given local weather conditions, labor constraints, and 
periodic nutritional gaps in the local diet. 
 

 
Testing Improved Systems 

Trials are conducted at the farm level and some farmers do their own 
testing at this stage. Testing may differ according to the level of 
aquaculture intensity that seems appropriate to different sets of farmers 
or collectively managed ponds. More committed and adept operators may 
undertake more complex or sophisticated endeavors to explore comparative 
advantages or limitations. 
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In some developing country situations, farm-level trials are 
necessitated by the slow development of a public research infrastructure 
to supply the necessary scientific findings. Juliano (1972) describes the 
necessity of using privately owned ponds to conduct aquacultural research 
in the Philippines. Farm-level experiments were particularly significant 
for diffusing production methods to new project areas where research 
facilities made slow progress toward completion. 
 

At this stage, Shaner et al. (1982: 28) identify three commonly 
conducted types of biological experiments: research-managed trials, farmer 
managed tests, and superimposed trials. The first of these experiments is 
intended to develop new technologies under farmer's conditions where 
control of conditions is important. 
 

By allowing farmers to introduce the new technologies themselves, 
the second approach reveals how farmers respond to suggested improvements. 
The resulting economic and sociocultural analyses directly incorporate 
farmer reactions. 
 

The third approach involves relatively simple researcher-managed 
trials applied across a range of farmer-managed conditions. In all three 
cases, the FSR team cooperates with extension in establishing contacts 
with farmers and local groups, identifying research locales, and 
coordinating activities with the experiment station. 
 

 
Extending the Improvements 

Technologies found during the design and testing stages to overcome 
the constraints identified in the descriptive and diagnostic stages are 
widely extended to other farmers (Norman et al., 1983:28). This stage is 
generally premised on the availability of trained extension personnel to 
disseminate the results (Gernea and Tepping, 1977). 
 

The FSR project can also promote the spread of better practices by 
testing in multiple locations, demonstrating in pilot production programs, 
and promoting the activity through other organizations (Shaner et al., 
1982:29). The project initiates and drives the diffusion process as fish 
farming is a novel activity in and of itself. Collaboration between 
research and extension staff throughout the process contributes to the 
accumulation of experience with the technology. Close extension-research 
links also aid in the transfer of responsibility to a continuing extension 
program. 
 

A number of factors may inhibit the spread of aquaculture 
technology. Training of extension agents may lag the construction of 
research facilities and the generation of results. Extension personnel may 
be recruited from among the more adept farmers or from those FSR staff 
members showing inclination and talent for these activities, but the 
numbers may not be sufficient to meet demand for the service. 
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Extending the research results to other locales may also require a 
heavy dose of community organization as well as intensive educational 
programs. The physical construction of ponds in other locales also may 
require additional government commitments. Thus the extension phase must 
coordinate trials, education, and staff training to support the spread of 
technology. 
 

 
CONCLUSION 

Aquaculture has a significant role to play in supplying protein and 
variety to the diet in many developing countries. In selected locales, 
aquaculture can employ available labor, underutilized water and land 
resources, and favorable climatic conditions to diversify the food supply, 
generate income, and improve well-being for many people. Aquaculture does, 
however, have definite resource constraints that preclude its diffusion 
into every farming environment. 
 

The availability of water is clearly a necessary condition for 
aquaculture, and certain cultural and organizational considerations often 
are important. Consequently, the inclusion of aquaculture in the FSR 
approach will be meaningful only under specifiable circumstances. But when 
these constraints are met, the potential for FSR and aquaculture seems 
favorable. 
 

The unique water-based nature of aquaculture is a major difference 
between fish farming and other enterprises that presently limits the 
application of the FSR approach. It is not that fish FSR has been tried 
and found wanting, but that FSR has not yet been explicitly applied in a 
comprehensive fashion in an aquaculture project. It should be noted, 
however, that the FSR approach articulates many of the values and concerns 
governing aquacultural development as practiced by the International 
Center for Aquaculture in the Philippines and other locales where a 
heuristic approach couples knowledge of basic principles with efforts to 
integrate fish farming into traditional agriculture (Juliano, 1972; Grover 
et al., 1980). 
 

Certain elements of FSR require differentiation and further 
elaboration to meet some of the singular needs of aquaculture systems. FSR 
is a useful tool or framework for conceptualizing the technology transfer 
process because it prescribes specific steps to ensure the fit of the 
enterprise in the existing sociocultural system as well as the ecological 
conditions of the locale. Thus it can and will make a significant 
contribution to aquacultural technology transfer efforts. 
 

A second difference or avenue for further elaboration is the 
relation of aquaculture technology to existing practice. FSR relies on 
previous experience and accumulated folk wisdom about the conduct of an 
enterprise as a basis for generating productivity improvements. Many times 
aquaculture is introduced as a discrete package or set of practices with 
little or no basis in previous accomplishments of the local farmers, 
although some analogies to animal agriculture support 
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introduction of fish production, farmers are required to come to terms 
with the quite different dynamics of an aquatic environment. In many 
situations, aquaculture is a prototypical "new technology" as opposed to 
an incremental change or adjustment in existing practice. 
 

FSR approaches to aquaculture may have to compensate for the lack of 
an indigenous knowledge base. More attention to vague fears, suspicions, 
or misunderstandings of the process may be required. In some ways, the 
novelty of aquaculture may generate extra enthusiasm for the enterprise 
and FSR personnel may not be forced to overcome resistance stemming from 
traditional bonds to old practices, as none heretofore existed. 
 

Once the basic concept is conveyed, FSR activities may proceed to 
generate location-specific technology in collaboration with local farmers. 
The initial charisma of a new endeavor may sustain interest, facilitate 
learning, and enhance the spread of knowledge. An excessive set of 
expectations based on unfamiliar and unrealistic assessments of the gains 
to be made also can he a liability. 
 

Finally, the group dynamics of shared or collective production 
enterprises is often more of an issue in fish farming than other 
enterprises. When ponds are individually or family owned and operated the 
issue may be less significant although prevailing community attitudes may 
have an important influence on the successful introduction of a new 
enterprise. When cooperative arrangements prevail, however, questions of 
equity and sustained participation become salient. 
 

Division of labor, ownership, decision-making, and distribution of 
product often rely on relatively complex social arrangements. Establishing 
the procedures, finding conflict resolution mechanisms, and most 
basically, ensuring intelligent management of the system are difficult 
tasks removed from the technical biology of pond operation. Yet these are 
the key factors supporting sustained implementation of the technology and 
continuing benefits to the families and communities involved. 
 

FSR is making a distinct contribution to the effectiveness of food 
production technology transfer throughout the world. To realize the full 
benefits of FSR in aquacultural development, further efforts that 
recognize the special nature of the fish farming enterprise will be 
required. 
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A MODEL FOR ANALYZING LIVESTOCK 
MANAGEMENT AND MARKETING IN TANZANIA 

 
 

Gregory M. Sullivan1 
 

 
INTRODUCTION 

Livestock production in Tanzania is characterized as being at a low 
level of productivity and commercialization (Texas A&M University, 1976). 
A major reason for these low levels of performance is the use of communal 
grazing of open accessed rangelands. The land tenure situation explains 
many of the economic rationales for how producers exploit the land 
resource to its ultimate degradation (Simpson and Sullivan, 1983). 
 

Efforts to improve levels of productivity and commercialization of 
the livestock nerds in Tanzania require a model that expands the economic 
theory of communal grazing. Researchers have pointed to the need to 
identify key socioeconomic variables that can be incorporated into the 
livestock development process (Little, 1983). Identification of these key 
variables and the associated linkages which influence management and 
marketing of livestock sets the stage for a farming systems methodology 
for application in the major livestock-cropping areas of Tanzania. 
 

The major objective of this paper is to present a model that 
illustrates linkages between the land resource base and livestock-crop 
activities. Basis for the linkages incorporates quantifiable and non-
quantifiable observations about the functioning of the communal grazing 
system. The underlying premise of the paper is that solutions for communal 
grazing require incorporation of ownership and distribution patterns of 
herds to improve the management and marketing of livestock. 
 

 
STUDY AREA 

A livestock-meat subsector study was conducted in 1975-76 (Texas A&M 
University, 1976). A field survey was carried out in the major livestock 
production zone which accounted for approximately 85 percent of the live-
stock (cattle) inventory (Figure 1). Annual rainfall ranged from 400-500 
mm per year in parts of the eastern livestock zone (Dodoma Region) to over 
1000 mm near the eastern shores of Lake Victoria. Throughout most of the 
zone, the dry season lasts for five to six months (June-November). Severe 
shortages in annual precipitation can occur in one out of seven years. 

 
The existences of nomadic or pastoral systems are not the general 

norm. Livestock grazing systems in Tanzania are predominately sedentary in 
nature. The government's program of ujaama

 

, which was initiated in the 
early 1960's, pushed for relocation of households into a village 
structure. In some of the drier areas, shifting between an established wet 
and 
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dry season, boma (kraal) does occur. The model established in the paper 
assumes a sedentary village system with movements of livestock confined to 
a grazing area constrained by livestock having to overnight in the 
village. Demographic data collected during the field survey points up the 
strong linkage between cropping and livestock activities (Table 1). A 
typical village in the livestock zone had an average of 454 households. 
Most villages in the seven regions had large percentages (63 percent) of 
households keeping livestock (cattle, sheep or goats) as well as raising 
crops. A farming systems model needs to include the complementarity and 
competition between livestock and cropping activities for Tanzania. In 
very few of the villages were households relying solely on livestock 
production for subsistence. In only Tabora Region did a large portion of 
the households rely only on livestock production. 
 

 
THE MODEL 

The concept of modeling the physical linkages in the forage/cattle 
system for a representative village has been done (Sullivan, Cartwright 
and Farris 1981). The extension of this model as a source and flow diagram 
to include livestock and household linkages is illustrated in Figure 2. 
The model conceptualizes what is hypothesized as the predominant 
management system currently existing in the livestock zone in Tanzania. 
The model could be more complex in design, but for the sake of simplicity, 
it has been reduced to illustrate only the important linkages between 
crops and livestock, production, owners and keepers of livestock, and 
intra- and inter-household decision-making processes. Crop—Livestock 
Linkages 
 

 
Crop-Livestock Linkages 

The amount of cropland and pastureland in a village is determined by 
land availability, soil fertility, climate, and site selection. Land 
preparation for crops is also a function of the availability of necessary 
labor and capital to till and plant the land. One of the important by-
products from the livestock herd is the manure from livestock to fertilize 
the fields. Allocation of household labor to either livestock or cropping 
activities is based on economic return from each activity and 
socioeconomic characteristics of households. Crop stubble is also a source 
of animal feed during appropriate periods of the year. Animal traction is 
important in parts of the livestock zone. 
 

 
The Forage/Livestock Linkage 

Availability of forage for a village herd is affected by the 
interaction of weather, stocking rate, grazing pressure and time of the 
year. The available forage biomass is a major input into the livestock 
component of the model, whereby outputs from the village herd flow into 
respective households. The livestock inventory is dependent on the 
existing composition of the herd which is generally a brood cow herd 
(approximately 60 
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percent of the average herd size of 27 head are cows or weaned replacement 
heifers). 
 

Besides herd growth through population dynamics, livestock inventory 
can increase through purchases or in-migration of animals. A household's 
purchase of animals can result from the sale of livestock or crops. 
Livestock can be transferred into the village by households which live in 
other areas. In both cases, the inventory of the village herd increases 
and this raises the stocking rate. The level of stocking rate affects the 
quality and availability of total forage biomass available which 
ultimately affects herd productivity. The Linkage Between Owners and 
Keepers of Livestock 
 

 
The Linkage Between Owners and Keepers of Livestock 

In the household section of the model, households are distinguished 
according to owners and keepers of livestock and those without animals. 
Instead of focusing on one type of household, a richer model develops when 
consideration is given to the differences between these household types, 
their objectives for keeping livestock, and their reasons for marketing 
livestock. By-products from the herd flow into households with and without 
livestock. Three categories of households keeping livestock are 
identified: (1) households owning the livestock they keep, (2) households 
keeping livestock owned by another household in the village, and (3) 
households keeping livestock but owned by another household outside the 
village. The off-take rate of by-products is going to vary by the type of 
household utilizing the herd. For household categories (2) and (3) the 
rate of off-take is directly influenced by another household's decision-
making process (Figure 2). The household which is a caretaker of the 
livestock has constrained utilization of the herd. It benefits from flows 
of material by-products into the household but not from cash sales. 
 

The important by-products from the herd are milk, meat, manure, cash 
from sales and gifts of livestock given as customary obligations. Cash 
from sales can be used for household subsistence requirements, purchases 
of agricultural inputs or acquisitions of younger animals. Off take rates 
for slaughter, trades or market sales are going to be influenced by house- 
hold requirements. 
 

 
The Political Economy of Livestock 

Schneider (1983) has described the concept of the "Big Man" syndrome 
in African livestock systems whereby a household's allocation of cattle to 
those who do not own livestock bestows political power on the giver. The 
effect of political power is illustrated by heavy dashed lines in Figure 
2. Also, there are households keeping cattle which are owned by 
individuals outside the village. A larger regional economy exists which 
encompasses this distribution of livestock. This phenomenon complicates 
the communal grazing problem because final disposal is maintained by the 
absentee owner. Households distributing livestock achieve two objectives: 
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(1) minimize risks of a complete loss of the herd because of disease, 
theft or starvation and (2) establish ties of reciprocity with family 
receiving livestock which binds households together with expected future 
obligations (Levi-Strauss, p. 74). The political economy of distributing 
livestock has important implications for instituting change in the live-
stock production sector. 
 

 
Disposal of Livestock 

The model illustrates the flow of livestock by-products to the 
respective categories of households. The factors affecting off-take rate 
of livestock by-products will be different for each type of household. 
Households owning their herd can be influenced by the market price in 
selling their animals while those households only keeping livestock 
respond to flows of milk, meat and manure from the herd. Households only 
keeping livestock rely on mortalities of animals to derive any meat from 
their herds. This is an important source of animal protein to the house-
hold constituting an average annual off-take of 13%. Slaughter rate of 
healthy cattle is very low for all households. Regular meat supply for the 
household comes primarily from the slaughter of small stock. Intra-
Household Decision-Making 
 

 
Intra-Household Decision-Making 

Management and marketing decisions are reached through consensus 
within the household. It is important to identify responsibilities for 
selling or disposing of cattle. Particularly important in understanding 
linkages are the sources of livestock for households owning animals. 
Purchases, bride wealth, or other customary channels affect the decision-
making process about management and marketing of livestock. 
 

 
RESULTS OF FIELD SURVEY 

Livestock producers were asked questions to determine livestock 
ownership patterns. Questions about livestock ownership were asked of 
producers in only four out of the seven regions.2 Slightly over one-third 
of the 792 producers interviewed said that they kept some cattle owned by 
others (Table 2). When producers were asked specifically if they were 
keeping someone's cattle, 41 percent said they were (Table 3). The 
significant number of producers who keep someone's cattle is justification 
for consideration of a broader organizational structure for designing 
improved livestock development programs. 
 

The number of individuals whose cattle are being kept by respondents 
is listed in Table 3. Approximately 47 percent of respondents keeping 
other peoples' cattle kept cattle for two or more individuals. The 
implication is that cattle keeping patterns can be complex. The length of 
time cattle were being kept would indicate the transition of cattle in and 
out of the household (Table 3). Sixty-five percent of respondents were 
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keeping someone's cattle for two years or more implying that a long term 
commitment was maintained. Linkages between households in exchanging 
cattle seem firmly established, especially because of length of time 
cattle were kept. 
 

Family relationships (64 percent) also play an important part in 
transfer of cattle to different households (Table 3). Friends and other 
people also represented a sizeable proportion of livestock transfers (30 
percent) into these households. Families are an important source of 
livestock for establishing a herd. 
 

In the flow chart, a linkage between households outside the village 
and those households keeping livestock in the village is seen as having an 
important impact on the livestock inventory. Approximately 35 percent of 
the respondents said that they kept cattle received from individuals 
living outside the respondent's village (Table 3). Any efforts to control 
stocking rates in a particular village would have to address this 
important livestock transfer activity. 
 

The major reason (48 percent) given by respondents for keeping 
someone else's cattle was to receive milk and/or manure (Table 4). The 
values of these by—products in nutrients to the household or fertilizer 
for cropland are high. Requests from a relative or friend was second in 
importance (34 percent) and probably reflects family obligations to 
support members of the extended family. Another 8 percent specifically 
indicated the requirements of customary practices as a reason for 
receiving others' cattle. 
 

 
Respondents Distributing Cattle 

Respondents were asked if they had given cattle to others for 
keeping (Table 5). Approximately 23 percent of households had given out 
cattle for others to care for with the highest percent (37%) being in 
Singida Region which is one of the driest regions in the livestock zone. 
The majority of households who had given cattle out (65%) had given cattle 
to one household to keep and the rest to two or more households (Table 5). 
The majority of the households receiving cattle were relatives of the 
owner (Table 5). Interestingly, most respondents (78%) giving out cattle 
gave to households outside their village (Table 5). The average number of 
cattle which a household gave to others for keeping was approximately 21 
head of cattle (Table 5). The fact that average herd size in the livestock 
zone was 27 head for cattle being kept means that those who gave cattle to 
others gave a large proportion of their total stock of cattle. 
 

The major reason cattle are kept in other locations was primarily 
because of the scarcity of grass and water in their home area (Table 6). 
Request for cattle as a source of milk and/or manure was the second most 
important reason given. Approximately 24% of respondents who gave out 
cattle did so upon relocation by government to their village (Table 7). 
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Disposal of Cattle 

The offtake rate is the function of many factors both physical and 
socioeconomic (Figure 2). Survey data indicated that off-take of cattle 
kept in other locations was low (Table 7). Over 80% of respondents who 
gave out cattle did not sell, trade, or give as customary gift or dowry 
cattle kept in other bomas in the preceding twelve months of the survey. 
Livestock owners have a low utilization rate of these animals, which serve 
as a store wealth, much as a bank. Keeping cattle in other locations is an 
important strategy for the household. 
 

 
Intra-Household Decision-Making 

Survey data from the whole livestock zone indicated responsibility 
for sale or disposal of cattle rests primarily with the family owning the 
livestock (Table 8). Though the husband is head of the household, 83% of 
respondents said they must consult at least the wife and most of the time 
their sons, when cattle are to be sold. The exception was the Masai tribe 
in Arusha Region who give their wives no responsibility in the decision to 
sell. A large livestock owning tribe was the Sukumas in Shinyanga Region, 
where the wife can own cattle received from a daughter's marriage. The 
wife will, out of custom, consult with the husband before selling these 
animals. 
 

Source of a household's original herd can have an influence on how 
livestock are managed. A large percentage of herders (50%) said their 
original source of supply was from the purchase of animals. This 
investment strategy adds to the livestock inventory (Figure 2). The second 
most important source was from relatives who supplied the initial herd 
(36%) and next from dowry (17%). 
 

 
CONCLUSION 

Solutions to the problem of low livestock productivity and 
commercialization hinges on understanding the use of a communally owned 
resource and the complex patterns of ownership and transfer of livestock. 
A focus on the household production unit is too narrow a view when trying 
to understand the political economy of the village and extra-village 
environment. Attempts to close one channel of physical transfer of 
livestock leads to reducing needed food supplies to households not owning 
livestock but who want to keep cattle. 
 

Efforts by livestock owners to reduce risk in the management of 
livestock requires a strategy of moving animals out of the village to 
other villages for keeping. This strategy reduces risks of mortality from 
starvation or disease. Both owners and keepers of cattle benefit from 
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these distributions. The rate of off-take is going to be affected because 
the keepers of cattle do not have authority to dispose of animals. 
 

The political economy of keeping cattle is important when 
considering the influence and prestige that a household gains by lending 
out livestock. Schneider's "Big Man" theory is applicable when considering 
the transfer of livestock. Certain privileges or obligations can flow back 
to livestock owners. These social systems mitigate programs which try to 
place importance on the herder's responsibility for range management. 
 

Farming-livestock systems research can be enhanced in developing a 
model that incorporates these political, social and economic linkages 
between households. Efforts to increase productivity require changes in 
management which have to be agreed upon by both owners and keepers of 
livestock. Owners residing outside the village present major difficulties 
for a management program because of the lack of interest in the village 
environment. For the same reason, commercialization of the village herd, 
which requires increased off-take, can be difficult to obtain. 
 

There are no easy solutions to determine the optimum grazing 
management and marketing system for a village. The complexity of the 
system as revealed from the survey data in Tanzania will retard many 
institutional developments which might try to stimulate increased 
livestock production. Appropriate research at the village level is 
required so that development programs incorporate all pertinent political, 
social and economic linkages. 
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FOOTNOTES 

1. Assistant Professor, Department of Agricultural Economics and Rural 
Sociology, Auburn University, AL 36939. Appreciation is expressed to 
John Dunkelberger for a valuable editorial review. However, all 
responsibility for any errors resides with the author. 

 
2. Seven livestock regions were in the survey; however, questions on 

ownership patterns were not asked until part way through the survey 
when patterns of ownership were noticed to be important, thereby 
limiting part of this analysis to 4 of the 7 regions. 
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Figure 1. Political regions of the Major Livestock Production Zone. 
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Table 1. Activities of Households in Villages in the Livestock Zone in Tanzania, 1975-76 
 

 
 
 
 
 

 
 
Region 

 
 

Villages 

Households 
in 

Villages 

 
Cropping 
only 

Livestock- 
rearing 
only 

Cropping 
and 

livestock 

Percent Cropping 
and livestock 

of total 

 
 

Other 

 - - - - - - - - - - - - - - -(no.)- - - - - - - - - - - - - - - - -(%)- - - -(no.)- - 
 
Mara 

 
6 

 
342 

 
82 

 
-- 

 
251 

 
73 

 
1 

 
Mwanza 

 
6 

 
415 

 
190 

 
15 

 
174 

 
42 

 
-- 

 
Shinyanga 

 
10 

 
595 

 
102 

 
4 

 
464 

 
78 

 
28 

 
Tabora 

 
9 

 
486 

 
34 

 
206 

 
235 

 
48 

 
9 

 
Singida 

 
8 

 
406 

 
58 

 
66 

 
274 

 
67 

 
9 

 
Dodoma 

 
9 

 
378 

 
203 

 
30 

 
157 

 
42 

 
8 

 
Arusha 

 
18 

 
471 

 
89 

 
46 

 
332 

 
70 

 
2 

 
Zone 
 

 
66 
 

 
454 
 

 
104 
 

 
55 
 

 
286 
 

 
63 
 

 
8 
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Figure 2. A flow diagram illustrating the linkages between households in a livestock and cropping  
  system for an ujaama

 
 village in Tanzania. 
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Table 2. Ownership of the Cattle Kept by Respondent 
 
 
 
 
 
 
 

Region 
All Most Some None 

n % n % n % n % 
 
Mara  

 
35 

 
43 

 
39 

 
48 

 
7 

 
9 

 
0 

 
0 

 
Mwanza 

 
67 

 
67 

 
24 

 
24 

 
6 

 
6 

 
3 

 
3 

 
Shinyanga 

 
105 

 
83 

 
15 

 
12 

 
6 

 
5 

 
1 

 
-- 

 
Tabora 

 
60 

 
65 

 
21 

 
23 

 
12 

 
12 

 
0 

 
0 

 
Singida 

 
34 

 
40 

 
18 

 
21 

 
24 

 
28 

 
9 

 
11 

 
Dodoma 

 
32 

 
41 

 
18 

 
23 

 
19 

 
24 

 
9 

 
12 

 
Arusha 

 
164 

 
72 

 
34 

 
15 

 
23 

 
10 

 
6 

 
3 

 
Total/average 
 

 
497 
 

 
63 
 

 
169 
 

 
21 
 

 
97 
 

 
12 
 

 
28 
 

 
4 
 

Source: Texas A&M University/USAID Tanzanian Livestock-Meat Survey, by personal interview. 
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Table 3. Selected Characteristics Associated With Cattle Ownership and 
Management in Four Regions of Tanzania 

 
 

Characteristics 
Region 4 Region 

average Tabora Singida Dodoma Arusha 
  - - - - - - - - - -(%)- - - - - - - - - - 
 
1. 
 

 
Percent of respondents 
keeping other’s cattle 

 
49 

 
61 

 
59 

 
27 

 
41 

 
2. 
 
 

 
Number of other 
individuals’ cattle being 
kept by respondent 

     

   One person 65 35 61 61 53 
   Two person 24 29 26 28 27 
   Three and more people 11 36 13 11 20 

3. 
 
Period of time cattle  
kept in respondent’s boma 

     

   Less than 6 months 12 6 2 8 6 
   6-12 months 24 13 17 15 16 
   1-2 years 0 8 0 30 13 
   Over 2 years 64 73 81 47 65 

4. 
 
Relationship of respondent 
to owner of cattle 

     

   Relative 58 65 75 61 64 
   Friend 37 27 19 39 30 
   Other 5 8 6 0 6 

5. 
 

 
Residence of individual 
whose cattle were being 
kept 

     

   Owner lives in same 
 village 53 75 63 61 65 

 
  Owner lives outside 
 village 
 

47 
 

25 
 

37 
 

39 
 

35 
 

Source: Texas A&M University/USAID Tanzanian Livestock-Meat Survey, by 
personal interview. 
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Table 4. Reasons Respondent Kept Someone’s Cattle 
 
 
 
 
 
 
 
 

 
 
Region 

To receive 
milk and/or 

manure 

Requested 
by relative 
or neighbor 

Shortage of 
grass in 

owner’s area 

 
Customary 
practice 

 
For 

farming 
 n % n % n % n % n % 
 
Tabora 

 
22 

 
69 

 
8 

 
25 

 
1 

 
3 

 
0 

 
0 

 
1 

 
3 

 
Singida 

 
18 

 
37 

 
18 

 
37 

 
3 

 
6 

 
7 

 
14 

 
3 

 
6 

 
Dodoma 

 
8 

 
31 

 
13 

 
49 

 
2 

 
8 

 
3 

 
12 

 
0 

 
0 

 
Arusha 

 
27 

 
54 

 
14 

 
28 

 
6 

 
12 

 
2 

 
6 

 
0 

 
0 

 
Total/average 
 

 
75 
 

 
48 
 

 
53 
 

 
34 
 

 
12 
 

 
8 
 

 
12 
 

 
8 
 

 
4 
 

 
2 
 

Source: Texas A&M University/USAID Tanzanian Livestock Meat Survey, by personal interview. 
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Table 5. Selected Characteristics Associated With Cattle Given to Others 
for Herding 

 
 

Characteristics 
Region 4 

Region 
average Tabora Singida Dodoma Arusha 

  - - - - - - - - - - (%) - - - - - - - - - - 

1. 
 
Respondents keep cattle 
 in other bomas 

 
29 

 
37 

 
21 

 
18 

 
23 

2. 
 
Number of households keeping 
respondents cattle 

     

   One household 90 35 81 74 65 
   Two households 0 13 6 12 10 
   Three or more 10 52 13 14 25 

3. 
 
Relationship of individual 
to respondent 

     

   Relative 73 62 82 65 67 
   Friend 18 30 18 36 29 
   Other 9 8 0 0 4 

4. 
 
Location of respondent’s 
cattle 

     

   In village 30 23 33 15 22 
   Outside village 70 77 67 85 78 

5. 

 
Average number of cattle 
distributed (no.) 
 

 

a 

 

 
21 
 

 
9 
 

 
26 
 

 
21 
 

Source: Texas A&M University/USAID Tanzanian Livestock-Meat Survey. By 
 personal interview. 
 
a Estimate was unreliable because of few number of respondents answering the 
 question. 
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Table 6. Reasons Given by Respondents for Keeping Cattle in Other Locations 
 
 
 
 

 
 
 
Region 

Scarcity of 
grass and 

water in area 

Person Needs 
milk and/or 

manure 

 
Customary 
practice 

 
For 

farming 

 
 

Other 
 n % n % n % n % n % 
 
Tabora 

 
2 

 
20 

 
3 

 
30 

 
1 

 
10 

 
0 

 
0 

 
4 

 
40 

 
Singida 

 
12 

 
40 

 
6 

 
19 

 
5 

 
16 

 
6 

 
19 

 
2 

 
6 

 
Dodoma 

 
3 

 
19 

 
6 

 
38 

 
1 

 
6 

 
1 

 
6 

 
5 

 
31 

 
Arusha 

 
24 

 
58 

 
9 

 
22 

 
2 

 
5 

 
0 

 
0 

 
6 

 
15 

 
Total/average 
 

41 43 24 24 9 9 7 7 17 17 

Source: Texas A&M University/USAID Tanzanian Livestock-Meat Survey. By personal interview. 
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Table 7. Selected Characteristics Concerning Utilization of Cattle Kept by Respondents in Other  
  Locations 

 
 
Characteristics 

Region 4 Region 
average Tabora Singida Dodoma Arusha 

  - - - - - - - - - - - - - - - - - (%) - - - - - - - - - - - - - - - - - 

1. 
 
 

 
Respondents leaving their 
 cattle in other 

locations upon 
shifting into their 

 village 

10 3 0 53 24 

2. 
 

 
Cattle in other locations 
 given as a customary 
 gift in last 12 months 

0 13 12 17 13 

3. 
 
 

 
Sold, traded or paid 
 dowry cattle kept in 
 other locations in 
 last 12 months 
 

20 10 6 27 17 

Source: Texas A&M University/USAID Tanzanian Livestock-Meat Survey. By personal interview. 
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Table 8. Responsibility to Sell or Dispose of Cattle in the Livestock Production zone, 1975-76. 
 
 
 
 

 
Region Husband Wife Family Other 
 n % n % n % n % 
 
Mara 

 
16 

 
20 

 
1 

 
1 

 
64 

 
79 

 
0 

 
0 

 
Mwanza 

 
8 

 
8 

 
0 

 
0 

 
90 

 
90 

 
2 

 
2 

 
Shinyanga 

 
12 

 
9 

 
0 

 
0 

 
114 

 
90 

 
1 

 
1 

 
Tabora 

 
4 

 
4 

 
1 

 
1 

 
89 

 
95 

 
0 

 
0 

 
Singida 

 
1 

 
1 

 
0 

 
0 

 
78 

 
92 

 
6 

 
7 

 
Dodoma 

 
1 

 
1 

 
0 

 
0 

 
61 

 
78 

 
16 

 
21 

 
Arusha 

 
55 

 
24 

 
7 

 
3 

 
163 

 
72 

 
2 

 
1 

 
Total/average 
 

97 12 9 1 659 84 27 3 

Source: Texas A&M University/USAID Tanzanian Livestock-Meat Survey. By personal interview. 
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ANIMALS AND THE CROPPING SYSTEM IN THE  
COMMUNAL AREAS OF SIMBABWE 

 
Enos M. Shumba 

 

 
INTRODUCTION 

The agricultural industry of Zimbabwe has two major sectors: the 
communal areas (the peasant farming sector) which comprise 40% of the 
total land area and the commercial sector constituting about 40% of the 
total land area. The communal areas provide a subsistence living for 80% 
of the country’s population, a social security system for over 90% of the 
community and have absorbed 64% of the country’s population growth over 
the past 15 years (Cross, 1977). Their contribution to the total marketed 
produce of the agricultural industry is 20% compared to 80% from the 
commercial sector. Most of the communal areas are on infertile sandy soils 
deficient in organic matter and derived from granite (Chavunduka 1978; 
Mashiringwani 1983).  70% of the communal areas fall within natural 
regions III – V (Vincent and Thomas, 1960) characterized by low and 
erratic rainfall.  The commercial sector is generally on heavy fertile 
soils suitable for agricultural production. 

 
Population pressure and widespread land degradation are major 

problems placing severe limitations on development of these areas (Stubbs, 
1977; Whitlow, 1980). Estimates indicate that over the period 1961 to 
1977, the number of communal area cultivars increased by 88% from 359 000 
to 675 000. The total area under cultivation increased by 91% from 1,15 to 
2.2 million hectares.  Cattle numbers increased by 70% from 2 million to 
3.4 million (Department Report, 1977). 

 
The area under cultivation has increased at the expense of grazing 

land. The increase in cultivated area has required more cattle to till the 
land resulting in overstocking of the reduced grazing area. Although 
cattle numbers have increased during the period 1961-1977, offtake in the 
form of sales has fallen from 7 to 2% (Stubbs, 1977). According to 
Danckwerts (1975) the subsistence cattle herd is an integral; part of the 
whole subsistence economy and provides essential inputs of draught power 
and manure to arable production with beef sales being secondary.  Blackie 
(1982) argues that “it is capital (number of cattle) and not the 
production value of the asset (percentage offtake) which is of primary 
interest to the farmer” (figure 1). 

 
It is the objective of this paper to show that the present and 

future development of the cropping systems adopted by the Zimbabwean 
communal area farmer largely depends on cattle ownership ad to indicate 
areas of research to improve contribution of cattle in the cropping 
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systems in communal areas. Two farming systems research projects, Chibi 
South in Natural Region 4 (low rainfall area) and Mangwende in Natural 
Region 2 (high rainfall area), have been used in this paper as case 
studies. 
 

 
THE RELATIONSHIP BETWEEN CATTLE OWNERSHIP AND CROP PRODUCTION 

Diagnostic surveys were undertaken in Chibi South in 1980/81 and 
Mangwende in 1981/82 summer seasons. Responses to pre-coded questionnaires 
from 104 farmers, 56 with cattle and 48 without in Chibi South, and 80 
farmers, 40 cattle owners and 40 non-owners in Mangwende, were analysed 
forming the basis for formulating a research programme. 
 

In both project areas, draught power ownership was used to 
distinguish farmers into two target groups, those with and without cattle. 
Those with cattle were 41% in Chibi South and 46% in Mangwende. The non 
owners borrowed or hired cattle for draught purposes. The difference in 
cattle ownership influenced the cropping systems as a whole. Those with 
cattle had larger arable holdings, better land preparation, applied manure 
and achieved better crop yields than the non-owners (Table 1). Cattle 
owners cultivated larger areas of maize and groundnuts to earn cash as 
confirmed by the total annual incomes per household (Table 1). In 
Mangwende where sunflowers were grown, 45% of owners and 10% non owners 
grew the crop. The information in Table 1 suggests that commercial crop 
production in communal areas is associated with draught power ownership. 
Draught power ownership does not appear to influence the areas planted to 
crops grown mainly for home consumption. The area planted to pearl millet 
and fingermillet which are subsistence crops in Chibi South was about the 
same for the two target groups (Table 1). 

 
In Chibi South animal owners were better able to meet their 

subsistence requirements than non owners. 53% of non owners compared to 
16% owners reported never having enough maize to last until the next 
harvest. The higher proportion of non owners growing fingermillet (more 
drought tolerant and stores better than maize) as a starch substitute 
should maize stocks run out suggests that farmers in this group are aware 
of their plight. 
 

The overall crop yields and total annual incomes per family in 
Mangwende are higher than those in Chibi South (Table 1) due to better 
rainfall and input use. The subsistence crops, pearl millet and 
fingermillet, are not grown at all or very little particularly of 
fingermillet is grown in Mangwende. In Chibi South only 4% of the farmers 
used chemical fertilizers in maize during the 1980/81 season compared to 
all the farmers in Mangwende in the 1981/82 season. Mangwende farmers have 
access to credit facilities unlike Chibi South farmers. 
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The observations which have been noted illustrating the relationship 
between cattle ownership and the cropping system suggest that to maintain 
the present level of crop production and to increase cash crop sales from 
this sector, an adequate number of cattle is necessary to provide draught 
power and manure for the acutely impoverished sandy soils, unless 
alternatives such as tractors and chemical fertilizers are accessible to 
farmers. 
 

 
TREND OF CATTLE POPULATIONS IN THE CASE STUDY AREAS 

In 1975, 72. 5% of the sample farmers owned cattle in Mangwende 
compared to 46% in 1982. Average herd size (cows and oxen only) fell from 
6, 86 to 3, 29 and the total pool of animals available dropped by 52% over 
the same period (Table 2). 
 

In Chibi average herd size declined from 4, 3 to 2, 6 and the total 
number of cows and oxen fell by 39% between 1975 to 1981. There was a 
decline of 54% in Mangwende and 46% in Chibi South in the number of oxen. 
In Chibi South 72% of cattle owners were supplementing their oxen with 
cows for draught purposes and 20% were using donkeys. In Mangwende 32, 5% 
of the cattle owners included cows in their draught team. The fall in herd 
size, the increase in number of non cattle owners and the use of COWS for 
draught purposes are exacerbated by lack of dry season feed resulting in a 
weak and reduced draught power pool to service an increasing number of 
cultivators at the beginning of each season leading to a general delay in 
crop establishment. If crop production, both subsistence and commercial is 
to be increased on a sustained basis these trends must be halted. 
 

 

AREAS OF RESEARCH TO IMPROVE THE ROLE OF CATTLE IN THE COMMUNAL AREA 
FARMING SYSTEMS 

 
Minimum tillage 

In Mangwende the use of a ripper tine is being investigated as a 
possible avenue of increasing the proportion of early planted fields. Its 
advantages are that since the soil shattering action of the tine is more 
effective when the soil is dry and that this implement only makes planting 
furrows, cattle owners can plough their fields earlier and faster thus 
making draught power available to non owners earlier. The total volume of 
soil turned by the time is far less than that turned by the conventional 
plough hence less draught power is required. This means that thin oxen and 
even cows can prepare the field before the rains with less strain. A 
herbicide has been included in this trial to combat the early weed problem 
associated with minimum tillage. In spite of the 1982/83 dry season, 
results of this trial are encouraging. Farmers have seen the advantages of 
this implement and the herbicide and have shown keenness in using these 
inputs in some of their maize fields this coming season. 
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In Chibi South the technique being tried is planting directly into 
winter ploughed land to facilitate early crop establishment. The results 
obtained in the 1981/82 experimental season were encouraging. 
 

 
Composition of the herd 

The composition of the herd as shown in Table 3 suggests another 
possible area for manipulation and improvement of status of cattle in the 
peasant economy. 
 

A high proportion of the herd was older than two years and cows and 
oxen were in a ratio of about 1: 1. Oxen are mainly used for draught 
purposes, but the use of cows to provide draught was increasing. If cows 
could provide most of the draught power using minimum tillage techniques, 
oxen could be released for sale. Low off-take figures reported in the 
project areas suggest that cattle are not used as a direct source of 
income. In Chibi South only four instances (about 1% of the cattle 
population observed) of animal sales were reported for the 1980/81 period. 
A figure of 1.1% of the cattle population was recorded in Mangwende. In 
all instances sales were done in emergency situations. If the proportion 
of cows in the herd is increased, more calves will be born. The farmer 
could be encouraged to either sell the calves or rear and fatten them for 
sale depending on his resources and infrastructure which will have to be 
provided. This area of research will soon be examined at a farming system 
development centre that is currently being developed. 
 

 
Improving the bulk and nutritive value of dry season feed 

Farmers in the project areas currently supplement veld grazing with 
crop residues in winter. However, the crop residues, in particular maize 
stover, do not have much feed value except as a filler. Herbage analysis 
of natural veld reported by Bembridge (1966) showed that the protein 
content in natural veld dropped between March and August and was high 
between September and February as shown below: 

 
Feb. Mar. Apr. May. June. July Aug. Sep. Oct. Nov. Dec. Jan. 

Crude  
  Protein %   5.4  2.8  2.4  2.5   2.2  2.1  2.4  3.0  2.4  9.9  6.9  6.6  
Phos- 
  phorus  %   0.2  0.1  0.08 0.12  0.11 0.07 0.07 0.15 0.25 0.19 0.2  0.22 
 

Bembridge observed that heifers reproduced at unsatisfactory 
intervals on natural veld in the absence of protein supplementation in 
winter. The adverse effect of low nutritive value of the winter feed was 
shown by recorded calving percentages in Mangwende. More cows calved 
between September and January than March to August. 
 

Feb. |Mar. Apr. May June July Aug.| |Sept. Oct. Nov. Dec. Jan.
Calving % 29 70 

| 
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Other research findings indicate that cattle usually lose weight in 
winter if protein supplementation is not available thus reducing their 
draught capability at the beginning of the season (Bembridge, 1964). 
 

Work in progress on the farmer's fields in Chibi involves a number 
of grain legumes intercropped with maize. The objective is to improve the 
nutritive value of stover for livestock feed while not sacrificing maize 
yields. Studies on the legumes under test include method of establishment, 
timing of legume planting in relation to the maize crop, ability to 
nodulate promiscuously, herbage yield and effect on the maize crop. 
 

The approaches described are only short term solutions. Better 
utilization of natural grazing provides a longer term solution. In order 
to achieve this the grazing area should be divided into paddocks which are 
grazed in rotation. Before 1967 there were a few two paddock grazing 
schemes in the Victoria province in which peasants grazed their cattle in 
the grazing area in summer and arable in winter. Little improvement was 
noticed until short duration grazing schemes were started in 1968. The 
results were encouraging and the number of projects multiplied reaching 
315 in 1973. The projects succeeded because the farmers were involved from 
the demarcation of the areas up to the management of the schemes. A major 
problem with the schemes was that of overstocking resulting in the 
deterioration of the veld. An important lesson here is that no system of 
pasture management can be devised to cater for an indefinitely expanding 
cattle population. Hence there is need to provide for off-take facilities 
for surplus cattle once the safe carrying capacity of the veld has been 
reached. Attention must also be paid to the improvement of the quality of 
natural veld in winter by way of introducing legumes. 
 
 

 
CONCLUSION 

This paper has illustrated that: Crop production in communal areas 
at this stage largely depends on the strength of the livestock component 
in the system. The scope for improving the livestock component in the 
systems is vast as suggested by the areas of research discussed. The 
relationship between cattle and crop production practices dictates a 
working relationship between livestock and crop scientists in their 
approach to problems affecting the mixed farming systems in communal 
areas. 
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FIGURE 1. Numbers of cattle, average payout and percentage sales of cattle 

in the Zimbabwean peasant farming sector. 
 
Source: - Zimbabwe agric. J. (1982), Vol. 79(5)
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Table 1. The characteristics of the two target groups (cattle owners  
  and non owners) in the two case studies. 
 

PARAMETER CHIBI FARMERS WITH MANGWENDE FARMERS WITH 

 OWN CATTLE 
n = 56 

NO CATTLE 
n = 48 

OWN CATTLE 
n = 40 

NO CATTLE 
n = 40 

 % of 
farmers 

sample 
avg 

% of 
farmers 

sample 
avg 

% of 
farmers 

sample 
avg 

% of 
farmers 

sample 
avg 

 

 
RESOURCES         

Family size (No.)  9.00  6.80  8.40  6.40 
Size of holding (ha)  3.90  2.80  3.90  2.90 
 
MAIN CROPS & AREA  
GROWN (HA) 

       

Maize 98.00 1.40 98.00 1.00 100.00 2.50 100.00 1.30 
Groundnuts 87.00 0.65 80.00 0.30 92.50 0.65 82.50 0.40 
Fingermillet 70.00 0.31 86.00 0.34 55.00 0.20 48.00 0.18 
Pearlmillet 37.00 0.26 38.00 0.25 NIL    
Sunflower NIL - - - 45.00 0.30 10.00 0.22 
 
AGRONOMIC PRACTICES 
FOR FIRST MAIZE  

PLANTING 

       

Winter ploughing 65.00  35.00  82.00  30.00  
Manure application 74.00  12.00  52.00  12.00  
Planting by end Oct.     45.00  28.00  
Planting by 10 Nov. 54.00  27.00      
 

  
CROP YIELD ESTIMATES  
(t/ha) 

       

Maize  1.90  0.95  3.24  2.10 
Groundnuts  0.16  0.01  0.74  0.54 
Fingermillet  0.47  0.33     
Pearlmillet  0.26  0.27     
Sunflower      0.21  0.04 
 

  
ESTIMATE OF INCOME  
(Z$) 

       

Maize sales 33.00 34.00 14.00 5.00 92.50 347.00 75.00 168.00 
Groundnut sales 41.00 23.00 18.00 7.00 42.50 40.00 42.50 26.00 
Vegetable sales     80.00 140.00 75.00 84.00 
Sunflower sales     17.50 11.00 12.50 3.00 
Other farm produce 
  sales  60.00  27.00  55.00  19.00 

Off farm income  124.00  66.00  159.00  149.00 
Total annual income  241.00  105.00  752.00  449.00 
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Table 2. The cattle population trend in trend in the two project areas 
 
 
 
 
 
 

 CHIBI SOUTH MANGWENDE 

 Around 1975 1981 Around 1975 1981 

 % owning 
cattle 

No. 
owned 

% owning 
cattle 

No. 
owned 

% owning 
cattle 

No. 
owned 

% owning 
cattle 

No. 
owned 

 
Cows   

204   
140   

277   
140 

 90  41  72  46  
Oxen 
  209 

  111 
  272 

  123 
 

 
 
 
 

Table 3. Herd composition in Chibi and Mangwende 
 

 CHIBI SOUTH MANGWENDE 

 Number Percentage Number Percentage 

 
Bulls 

 
39 

 
9.75 

 
21 

 
5.9 

Cows 140 35.00 140 39.4 
Oxen 111 27.75 123 34.6 
Cattle under 
  2 years 
 

110 
 
 

27.50 
 
 

71 
 
 

20.1 
 
 

Total 
 

400 
 

   100 
 

355 
 

    100 
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ON-FARM ANIMAL TRACTION RESEARCH: 
EXPERIENCE IN ETHIOPIA WITH THE INTRODUCTION OF  
THE USE OF SINGLE OXEN FOR CROP CULTIVATION 

 
Guido Gryseels 

 
 

 
BACKGROUND 

The International Livestock Centre for Africa (ILCA) is one of 13 
international agricultural research centres supported by the Consultative 
Group on International Agricultural Research (CGIAR). ILCA has field 
programmes in the major ecological zones of sub-Saharan Africa, namely the 
arid and semi-arid, sub-humid and humid and highland zones. This article 
reports on some of the Farming Systems Research activities of ILCA's 
Highlands Programme. 
 

To date, research in this programme has focused on the Ethiopian 
highlands. Ethiopia has the largest highland area of the continent, 
accounting for almost half of the total African highland zone. It is an 
ecologically diverse country with the agricultural sector contributing the 
major share of gross national product and almost all export earnings. 
Nearly 80% of the population is directly dependent on agriculture and per 
capita income is estimated to be less than US$140 per annum, classifying 
it as one of the least developed countries in the world. 
 

Of the total area of Ethiopia of 1.22 million km2, half is highlands 
above 1500m altitude. Some 70% of the total human population of about 32 
million live in the highlands. Ethiopia has the largest livestock 
population in sub-Saharan Africa with some 26 million equines and 1 
million camels. The majority of the cattle, sheep and equines are in 
highland areas. Agricultural conditions vary widely throughout the 
country, according to topography, climate, and soils. However, the 
highlands are generally temperate and comparatively favorable for both 
crop and livestock production. Ethiopia's rugged terrain is a major 
constraint to economic development because of related transport and 
communication problems. For example, it is often claimed that three-
quarters of the population live more than one day's round trip walk from 
an all-weather road. 
 

Since the mid-seventies, rural development has been organized in a 
socialist framework. However, collective farming accounts for less than 
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5% of the total area cultivated. The bulk of agricultural output is still 
produced by individual subsistence smallholders who have 'family rights' 
over the land they till.  
 

ILCA's field research in the Ethiopian highlands has concentrated on 
the central highlands where mixed smallholder farming is the dominant mode 
of production. Rainfall here averages between 600 and 1200mm per annum, of 
which about 70% falls in the main rainy season between July and September. 
Farm sizes range from. 5 to 5 hectares, and around 80% of all farm produce 
is used for subsistence consumption. About two thirds of cultivated land 
is sown to cereals. The majority of the remainder is sown to pulses. The 
fraction of fallow land in different parts of the highlands is quite 
variable. In some locales almost no land is fallowed while elsewhere 
fallow periods of up to 12 years after 3 years of crop are common. The 
main crops are teff, wheat, barley, maize, sorghum, horse beans, chick 
peas and field peas. Grain yields average between 500 and 1000 kg per 
hectare sown. Access to modern inputs such as chemical fertilizers or 
improved seeds is limited. Fewer than 10% of farmers regularly use either 
input. Most farmers own livestock, and a typical inventory is two oxen, a 
cow, a few sheep and a donkey. As most livestock manure is used as 
household fuel, only little is returned as fertilizer to the fields. 
 

Cattle are kept mainly as a source of draught power and manure 
production. Milk, meat, and hides are relatively less important by— 
products. Livestock are privately owned, so are an important form of 
investment and financial security. Usually only oxen are used for 
cultivation. Productivity is low for all livestock, reflecting an 
underexploited genetic resource and generally inadequate nutrition, 
particularly during the extended dry season of up to seven months each 
year. For example, milk off-take from indigenous Zebu cows kept under 
traditional management rarely exceeds 400 kg for lactations of seven 
months. Calving intervals average two years. Sheep also are comparatively 
unproductive, as, along with cattle, they are subject to heavy 
endoparasite burdens and to extended periods of nutritional stress. 
 

It is against this background of traditional subsistence agriculture 
where productivity gains must be achieved to ensure survival in the coming 
years that ILCA established a research programme in the Ethiopian 
highlands. 
 
 
 
 
 
 
 

1 In Ethiopia, land is not individual owned, but is allocated annually 
by Peasants' Association (PA) of which each farmer necessarily is a 
member. The size of individual allocations, comprising several plots, 
depends on family size, local population density and the policies of the 
local PA. Land distribution takes account of the different fertility 
levels of the soils within the land area of the PA. Each PA has on average 
250 individual members and controls around 800 ha of land. 
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OVERVIEW OF THE RESEARCH PROGRAMME 

The basic objectives of the research are to study ways and means of 
improving the overall productivity of mixed smallholder farms by 
increasing the technical and economic efficiency of livestock enterprises. 
Particular emphasis is given to enhancing the complementarity of the 
livestock and crop components. Results and experiences of the research in 
Ethiopia will in many cases have direct relevance to other highland 
smallholder situations in sub-Saharan Africa where the same immediate 
concerns to increase agricultural production apply. 
 

The Programme has adopted the farming systems approach to research. 
This stresses on-farm technology testing and appraisal, backstopped by 
relevant station research on components where greater experimental control 
is advantageous. In addition to research undertaken at its headquarters in 
Addis Ababa, field work is undertaken in two study areas: at Debre Zeit 
located 50 km south of Addis Ababa at an altitude of 1800 m, and at Debre 
Berhan 120 km north east of Addis Ababa, at an altitude of 2800 m. The 
area around Debre Zeit is intensively cultivated, with virtually no arable 
land kept fallow. Teff (Eragostis teff)

 

 is the principal cereal grown. 
Debre Berhan represents the high altitude zones. Frosts, hail and a 
shorter growing season, in addition to low soil fertility levels, cause 
the area to be less productive than Debre Zeit. Most of the land 
cultivated there is sown with barley. Research stations have been 
established by ILCA at both Debre Zeit and Debre Berhan. 

The station research focuses on key elements of the traditional 
farming systems: soil fertility, forage production, various aspects of 
draught animal utilization, and small scale dairy processing tech-
nologies. Innovative livestock enterprise combinations considered to be 
relevant future options for smallholders are also under test on station in 
research farms. 
 

Baseline surveys were made in both study areas before beginning 
experimental work. These have been followed up by ongoing studies with a 
random sample of individual farmers ("outside" farmers) in the areas 
surrounding the ILCA sites to provide time series data on the dynamics of 
these agricultural systems and to serve as a control group against which 
the impact of innovations can be evaluated. 
 

ILCA has regular field days for farmers of the surrounding areas, 
government officials and extension agents to demonstrate the research in 
process and to discuss the programme with the target population. When a 
suitable technology is available for testing at the farm level, volunteer 
test farmers are sought from among the farming community. Test farmers 
implement the improved technologies at their own expense and risk, and are 
responsible for their own management decisions. ILCA only offers technical 
advice. Certain inputs will be provided against cash payment or short term 
credits. Preferably these test farmers have previously been 'outside' 
farmers. In this way an evaluation of the 
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improved technologies is possible; firstly, by comparison with the prior 
performance of these test farmers using the traditional method of 
production; secondly, within any year through comparison of the test 
farmers with the control group farmers who did not adopt the improved 
technologies; and thirdly through a comparison of both farmer groups with 
the test results from the station research. 
 

On-farm trials are being conducted on research associated with 
improved dairy husbandry at the smallholder level, animal traction and the 
use of methane digesters. 
 

The Programme has allocated substantial resources to studies on 
various animal traction-related topics. Work in progress includes the 
evaluation of different cultivation systems using oxen of local and 
crossbreeds, the technical and economic efficiencies of using crossbred 
cows for draught purposes as well as milk production, the use of oxen 
worked as singles rather than as pairs as they are traditionally used in 
the Ethiopian setting, and the working efficiency of oxen subject to 
nutritional stress. Different harnesses and yokes are also being 
developed. 
 

This paper reports on the experiences with on-farm trials with the 
use of oxen worked as singles rather than as pairs. 
 
 

 
BACKGROUND 

The primary contribution of cattle to agricultural production in the 
Ethiopian highlands is as a source of draught power. ILCA surveys showed 
that animal power used for crop related work averaged more than 1000 hours 
per farm per annum. Most of this power was supplied by oxen, but other 
cattle were sometimes employed for threshing. 
 

The land is tilled with the traditional cultivation tool known as 
the maresha

 

 drawn by a pair of oxen of indigenous breeds. 2 Depending on 
the soil type and the crop to be planted, the land is cultivated up to six 
times before planting. 

Available data for the Debre Berhan area indicate that just over 
half the farmers had two or more oxen, around 30% one, and 20% had no 
oxen. Since oxen are traditionally paired for work, almost half the 
farmers were dependent on renting or borrowing one or two oxen for crop 
cultivation. In the Debre Zeit area relatively more farmers had two or 
more oxen, but around 25% of the smallholders had none or only one ox. 
These results from the two ILCA study areas are representative of the 
national situation as, according to one study (Ministry of Agriculture, 
1980), around 29% of Ethiopian farmers have no ox, 34% one, 29% two and 8% 
three or more. 
 
 
 
 
2 An ox in working condition weighs approximately 280-300 kg. 
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A farmer owning less than two oxen has various ways to overcome this 
problem of inadequate draught power. For households already owning one ox, 
the usual arrangement is a mekanaja

 

 agreement with a household in a 
similar position, whereby the pair of oxen is used on the partner's fields 
on alternative days. The drawback of this strategy is that often the 
ploughing season is so short that the draft capacity is insufficient to 
allow both farmers to plough at the optimal time. In many locations, 
especially when soils have a high clay fraction, cultivation can only 
begin after the beginning of the rains. Moreover, the changing of handlers 
of the pair of oxen and the pairing of different animals causes a 
substantial efficiency loss in the tractive power developed. It is also 
often difficult to find a partner near enough, making a workable 
arrangement difficult. 

Another strategy widely used is for the farmer to use one ox of 
another farmer in return for one day's field labour. Around Debre Zeit, it 
has been observed that farmers with one ox rent another ox from farmers 
with surplus oxen, at an annual cost of 200 kg of grains or on average 15% 
of total farm production. If a farmer has no oxen, the common exchange 
system is to give two days of human labour for every day a pair of oxen is 
borrowed. Sometimes oxen will be retained on a cash basis usually US$ 1.50 
per day for a pair, and US$ 2.50 per day if a handler is also included. 
 

ILCA surveys have also revealed that the number of oxen owned 
strongly influences the area cultivated and the cropping pattern. The 
cropping pattern is most strongly influenced if the draught power inputs 
for land preparation vary substantially among crops which favours the 
selection of crops with lower power requirements by farmers with less than 
two oxen. For the study area around Debre Zeit for example, substantial 
differences were observed among ILCA's control group of outside farmers in 
the 1980 crop year. These are summarized in the table below: 
 

Impact of Oxen Ownership on Area Cultivated and 
Cropping Pattern at Debre Zeit (1980) 

 
Farmers grouped 
by oxen ownership 
 
 

Average area 
cropped per 
farm (ha) 

 

Average sown 
to cereals (%) 

 
 

Average sown 
to pulses (8%) 

 
 

Owning no oxen 1.2 54 46 
Owning one ox 1.9 44 56 
Owning two oxen 2.7 67 33 
Owning three or 
more oxen 

3.6 
 

92 
 

8 
 

 
 

The table illustrates that there is approximately a linear 
relationship between oxen ownership and area cultivated. The change in 
cropping pattern reflects the need for more intensive land preparation for 
cereal crops than pulses, and therefore higher labour inputs and 
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draught power. Furthermore, the market value of cereal crops is about 
twice that of pulses. Together these factors meant that farmers with less 
draught power at their disposal sowed less land in total and also had 
lower incomes than their counterparts with an adequate supply of draught 
power. 
 

Around Debre Berhan, the situation was somewhat different. The 
dominant crops in that area all require similar labour inputs for land 
preparation. The impact of oxen ownership on the amount of land cultivated 
was smaller than around Debre Zeit, and the cropping pattern remained 
similar for farmers with different supplies of draught power. 
 

In both study areas, there was no apparent effect on crop yields. 
This suggests that the problem of timely cultivation is largely overcome 
when a smaller area is cultivated and farmers choose to safeguard yields 
on smaller areas rather than risk lower yields over a larger area which 
can arise if seedbeds are poorly prepared. 
 

Thus the availability of draught power proves to be a major factor 
affecting income distribution in the Ethiopian highlands. 
 

 
DESIGN AND TESTING OF THE SINGLE OX TECHNOLOGY 

Underlying the problem of inadequate draught power was the tacit 
assumption by farmers that two oxen are invariably needed for cultivation. 
ILCA has some prior experience in the use of crossbred oxen as singles but 
these are much heavier than local oxen (average liveweight of 500 kg 
versus 280 kg for local oxen). Elsewhere in the world other animals such 
as buffaloes and horses have worked as singles, but their liveweights are 
also much greater than of the local Zebu ox used in Ethiopia. Despite this 
low liveweight, ILCA decided to experiment with the use of a single local 
ox for crop cultivation. 
 

ILCA developed a suitable yoke and harness, as well as a modified 
version of the local wooden plough maresha, for use by a single ox of 
local breed. The traditional neck yoke designed for an ox-pair (Figure 1) 
was replaced with a simple, 'inverted V' -type yoke (Figure 3) and a 
swingletree joined by two traces made of nylon ropes. A simple metal skid 
was attached under the shortened beam to overcome the tendency of the 
modified maresha

 

 to penetrate the ground at an oblique rather than acute 
angle (Figure 2). 

During the on-station trials no particular technical difficulties 
were encountered and the work output of the singles was considered to be 
adequate to warrant initiation of on-farm trials in the next crop season. 
Preliminary trials showed that adequately fed single oxen could cultivate 
some 60-70% of the area ploughed by a pair in a day. Cultivation was 
slightly shallower than with the traditional maresha, but the desired 
depth could be achieved by making extra passes. 
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In each of its study areas, ILCA then organized field days for 
farmers of the Peasants Associations surrounding the ILCA stations to 
demonstrate the new technology. In addition to around 80 farmers, local 
government officials and extension workers attended. After the 
demonstration by ILCA staff, farmers were invited to try ploughing with 
the single ox themselves. Many did so, and although the general consensus 
was that this modification of the traditional system could have its 
benefits, farmers were hesitant about the ability of local oxen to work 
singly for extended periods. 
 

Farmers were invited to use the technology on their own farms. They 
were to do this at their own risk and expense but ILCA was to give 
technical advice and assist in the training of the animal to work singly. 
For those who did not want to modify the implement themselves, ILCA 
offered to sell the necessary implements at US$ 5 each, to be paid 
immediately after the next harvest. At the end of the field day at Debre 
Berhan seven farmers volunteered to test the single maresha

 

. At the Debre 
Zeit field day 15 farmers volunteered. 

Around Debre Zeit, because soils are heavy and rainfall is 
essentially monomodal, cultivation for the main cereal crops has to be 
done within a very limited time period. Around Debre Berhan, the rainfall 
is more uniformly distributed (weakly bimodal) over the year and soils are 
lighter than at Debre Zeit, so ploughing can be done almost year round in 
that area. Around Debre Zeit, average farm size is around 2 ha and around 
Debre Berhan 3. 5 ha. In the latter area however, only 50% of this is 
cultivated each year. 
 

Shortage of draught power is therefore much more pressing and 
crucial problem than around Debre Zeit than Debre Berhan. The different 
initial farmer reaction to the technology in the two areas undoubtedly 
reflected these considerations. 
 

ILCA held training sessions where these test farmers were assisted 
in retraining their ox previously used in pairs to work as singles. Most 
oxen adapted without difficulty, while others needed up to two days 
retraining. In April 1983, these farmers started their land cultivation. 
ILCA closely monitored their performance and initiated a data collection 
system. 
 

Test farmers are visited twice weekly and data collected include 
land holdings, cropping pattern, inputs and outputs by plots, cultivation 
details, and feeding levels for the work oxen. Additionally farm assets, 
personal data and livestock inventories are recorded. 
 

More farmers became interested as the season progressed and wanted 
to join the research programme. By July 1983, ILCA was monitoring the 
performance of 20 single ox farmers in each of the study areas. Many more 
farmers volunteered, but in order to have complete data records and to 
allow for a proper evaluation, ILCA was obliged to limit its 
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involvement to technical advice on how to make and operate the implement. 
By early October 1983, over 140 farmers had approached ILCA for assistance 
in ploughing with a single ox, and many of these had been experimenting on 
their own. 
 

Initially, all farmers who volunteered to plough with a single 
animal were accepted, irrespective of the numbers of oxen they owned. 
Problems arose as farmers with more than one ox could rotate their animals 
in the work. This will make the evaluation of the impact of the technology 
more difficult. 
 

Few technical problems have arisen since the start of the farm 
trials. The original metal skid was not strong enough for the often stony 
fields and it had to be replaced by a thicker metal. Also, farmers at 
Debre Zeit initially worked their single animals only two to three hours 
per day, for fear of exhausting them. Farmers, however, observed ILCA's 
nutrition trials whereby oxen are working singly for four to five hours 
per day. 3 As a result farmers gradually increased the hours they worked 
their animal to four to five hours per day. 
 

Nutrition was seen as a problem by the test farmers. The animals 
worked as singles required extra feed when worked and therefore many 
farmers supplemented the normal ration with feed concentrates (wheat bran) 
which are available locally. In some cases, when the farmer was unable to 
afford these concentrates, ILCA supplied short term credits to be repaid 
immediately after harvest. 
 

Concurrently with ILCA's research programme, the Ethiopian 
government introduced a drive towards cooperative production in the Debre 
Zeit area. Farmers had to work one or two days per week on the land owned 
by this cooperative. However, these farmers are followers of the Christian 
Orthodox Church which prohibits field work for around 160 days each year. 
The number of days available for cultivating their own fields was 
therefore even further reduced. 
 

This unexpected reduction in the labour available for the 
preparation of their plots, combined with their natural caution about the 
new technology, resulted in all the test farmers using a mix of single and 
traditionally paired oxen. Thus the farmers were experimenting on the 
impact of single ox cultivation on area cultivated and crop performance. 
 

Around Debre Berhan where farmers can cultivate almost year round, 
timeliness is not such a constraint. As a result, farmers have easier 

 
 
 
 
 
 

3 In this particular trial nutritionally stressed oxen are worked as 
singles on farmers fields under the supervision of researchers. Their 
performance is being compared to the work output of well nourished oxen. 
The stressed animals are fed 75% of the level of the well nourished oxen. 
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access to find additional oxen for cultivation. However, soil fertility is 
a major problem in the area, and also many fields have a high stone cover. 
Farmers encountered difficulties in using oxen singly on plots where the 
stone cover was above 50%, so they resorted to the use of pairs on these 
fields. The first cultivation on land being cropped after an extended 
fallow phase of 10 to 15 years also proved very difficult for oxen worked 
as singles, and farmers with these plots opted to do the first cultivation 
with the conventional pair of oxen. No other difficulties were encountered 
in using the single ox. To date, seven farmers in the area have even sold 
their excess oxen to buy a crossbred cow. Such crossbred cows have average 
milk yields of 2000 liters per year under farmers conditions compared with 
400 liters of a local cow. 
 

It is too early yet to quantify the impact of this technology on 
agricultural productivity at the farm level. This year's crops will be 
harvested around November—December 1983 and only after then will an 
evaluation over a full crop cycle of the impact of the technology be 
possible. ILCA will continue to monitor the problems in and the impact of 
adopting the new technology on the test farmers. It will also study the 
rate of adoption of the technology among other farmers. 
 

 
OUTLOOK 

There are some 6 million draught oxen in Ethiopia, the highest 
population of work animals in sub-Saharan Africa. The feed resources keep 
these animals fit enough for work are diminishing yearly. As the human 
population rises, progressively more land is being sown to food crops, 
reducing the proportion left for grazing. 
 

Widespread use of the single ox could dramatically reduce the number 
of oxen and their attendant breeding and replacement stock needed to 
support food crop production, thereby increasing the feed resources 
available for each working animal. Not only would grazing pressures be 
reduced, lowering the risk of environmental degradation, but the 
nutritional status of the remaining oxen would improve. In addition, more 
timely cultivation of larger areas of land would lead to increased food 
crop production and allow more balanced cereal/pulse rotations to be 
practiced. 
 

The single ox technology has two other major advantages which make 
the prospects for its uptake most encouraging. Firstly, it does not put 
subsistence crop yields at risk, and secondly, it requires minimum 
investment — the new yoke and harness can be made cheaply from local 
materials, while the modifications to the maresha

 

 can be carried out by 
the village blacksmith. 

If uptake is successful and occurs on a large enough scale, the 
single ox technology will have far—reaching implications for the 
smallholder farmers of Ethiopia,  who are among the world's poorest 
people. 
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SUMMARY 

In its Highlands Programme, ILCA has acquired considerable 
experience with the FSR approach focusing on the livestock enterprise. 
Various on-farm trials have been initiated and this paper reports on the 
initial experiences of using a single ox instead of the conventional pair 
for crop cultivation. The FSR approach has been very effective in 
quantifying the impact of draught power availability on farm level 
productivity and led directly to the selection and design of the single ox 
technology. On-farm trials have identified adoption problems not 
anticipated from the results of station research. In addition, farmers 
have experimented themselves by using a mix of the old and new technology 
on their land. 
 

The relatively smooth transfer from the experiments conducted on the 
research station to more extensive trials in the traditional production 
system bodes well for the wider uptake of this new technology. 
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Figure 1. Traditional Maresha. 

 
Figure 2. Modified Maresha for Single Animal use. 

 
Figure 3. Single basic yoke design. 
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ANIMAL TRACTION AND RESOURCE PRODUCTIVITY:  
 

EVIDENCE FROM UPPER VOLTA  
 

William K. Jaeger 
 
 
Animal traction, the use of draft animals in performing farm 

operations, has long been recognized as a technology appropriate for small 
farms in West Africa, where nearly all farming operations are done 
manually with a short handled hoe. As a power source to supplement or 
replace human power, this form of mechanization has proved elsewhere to 
benefit farmers through increases in labor productivity, allowing seasonal 
labor bottlenecks to be overcome, and by direct and indirect yield 
increasing agronomic benefits. But while these gains have been well 
documented in many parts of the world, efforts to promote the adoption of 
animal traction in West Africa have met with very limited and uneven 
success (Sargent, et al., 1981, review 125 related projects in francophone 
West Africa). Numerous projects, begun as early as the 1950's to encourage 
adoption of animal traction often resulted in the technique being 
abandoned in three to five years. Although recently large numbers of 
farmers in Senegal and Mali have begun to use animal traction, the belief 
that the technology is readily adaptable throughout the Sahel has not been 
borne out by experience in Upper Volta and elsewhere. Animal traction has 
become a focal point among research and extension efforts to introduce new 
technologies appropriate to small farms, but there exists a lack of 
consensus--and even some mystery--about the hypothesized, and attainable, 
benefits. 

 
 

POTENTIAL BENEFITS 
 

The benefits most often cited include: (1) deeper pre-plant plowing 
that increases yields through better plant development resulting from the 
loosening of the soil, better water infiltration and retention, as well as 
the incorporation of organic materials in the soil; (2) increased labor 
productivity for plowing, planting, weeding and harvesting operations 
which reduce labor bottlenecks allowing increases in 
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cultivated acreage; (3) being able to perform these operations faster may 
increase yields when done on a more timely basis; and (4) the availability 
of manure from the draft animals can improve soil fertility. 
 
Experimental Evidence 
 

Individually, these effects have been substantiated by research 
evidence. Deep plowing has been shown to result in yield increases of up 
to 50% on research station plots. Yield increases due to early planting 
and more timely weedings are also well documented. During on-station 
trials in Mali comparing the labor requirements between manual and animal-
powered operations, the Institut de Recherches d'Agronomie, IRAT (cited in 
Sargent, 1981) found a reduction in total labor requirements of 43% with 
animal traction. Sargent (1981) points out that these labor savings occur 
primarily for weeding and ridging while labor requirements for land 
preparation and planting are not significantly reduced. Moreover, since 
most cereal fields are planted directly with-out any land preparation, the 
introduction of animal traction plowing in many cases will increase labor 
use by adding a field operation that was not previously done. In contrast 
to these findings, Delgado (1979, 1981) incorporates in his analysis a 
decrease in seedbed preparation time and increases in weeding and harvest 
labor requirements, assumptions drawn from experiment station information. 

 
Skeptical analysts suggest that the yield effects do not hold up in 

practice (Sargent, et al., 1981), and that increases in acreage under 
cultivation with animal power are limited where relaxing one constraint 
has little effect before another constraint: becomes binding. Labor 
requirements for maintenance of draft animals can conflict with labor 
needs during critical periods (Delgado, 1979; Vail, 1973). In contrast to 
these abundant hypotheses and experimental results there is a short-age of 
empirical evidence. 
 
Empirical Findings 
 

The ongoing debate over the benefits of animal traction in Upper 
Volta and elsewhere has led to severa1 recent attempts to supply empirical 
evidence that these benefits have been attained by farmers. Two studies 
have used cross-section comparisons to detect the expected benefits from 
farm survey data. The recent Michigan State University project in Eastern 
Upper Volta used stratified sampling for their farm production survey 
across farms using manual, donkey and oxen traction. Results from their 
data did not show statistically significant differences in acreage 
cultivated per worker or in yield except for the small compound maize 
plots where yield increases are often attributed to the application of 
additional manure by farmers possessing draft animals. Similarly their 
regression analysis did not show the use of animal traction to be 
significantly related to yields (Barrett, et al., 1982). 
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Using survey data from ICRISAT's village studies in central Upper 
Volta, McIntire (1981) employed decomposition analysis to break down the 
effects of using animal traction into yield, acreage and cropping pattern 
effects. He found, however, no acreage increase with animal traction 
except when differences in family size were ignored, the differences 
attributable to yield effects were found to be negative. Differences 
between the two groups, such as cropping pattern and input use such as 
fertilizer, were negligible. 
 

These somewhat discouraging results have done little to dissuade 
projects in research and extension from emphasizing the high potential of 
animal traction for the area. Many of those reporting the results just 
presented remain optimistic, preferring to offer alternate explanations 
for the failure of the data to show significant benefits. The conclusion 
drawn by some observers is not the benefits do not exist, but rather that 
they have yet to be adequately documented. 
 
THE FARMING SYSTEM UNIT'S STUDY2 

 
In response to this need for better designed surveys and analysis to 

assess observable benefits from animal traction, Purdue's Farming Systems 
Unit (FSU) in Upper Volta carried out a program to measure the effects of 
animal traction on resource use and productivity on-farm.3 

 
The best method to obtain empirical results about the effects using 

animal traction on-farm would be a combination of cross-sectional and 
time-series (before and after) observations across samples of small farms. 
The impracticality of such a Long-term data gathering effort leaves the 
alternative of gathering the "before" data on a recall basis. Although 
this technique brings up the issue of bias from subjective responses, it 
should be pointed out that it is precisely the subjective view of the 
decision-makers involved that is pertinent to the decision to adopt and 
continue to use animal traction. 
 

With this in mind, the Farming Systems Unit chose an approach that 
combined a season-long farm production survey with a set of subjective 
farmer interviews. 

 
 
 

2  The Farming System Unit is part of the Semi-Arid Food Grains Research 
and Development Program (SAFGRAD), OAU/CSTR. Funding for this research 
was provided through Joint Project 31, contract AFR-C-1472 between 
Purdue University and the United States Agency for International 
Development (USAID). 

 
3 FSU benefited greatly from the experience, advice and findings of the 
studies cited earlier, in designing and carrying out their research 
program. 
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Site Selection 
 

In 1982 FSU worked in three study villages. Two of these villages, 
Nedogo and Diapangou, had sufficient numbers of households using animal 
traction to permit this type of cross-sectional comparison. The villages 
were chosen to be representative of a larger region of Upper Volta. Within 
the villages samples of sixty households were chosen randomly, but 
stratified purposively between animal traction equipped farms and manual 
farms. 
 

Nedogo, a village on the densely populated Mossi plateau (thirty to 
fifty inhabitants per square kilometer) thirty kilometers north of 
Ouagadougou, is one of the two sites with a sample of twenty-four manual 
farms and thirty-six donkey traction farms (five of which also have single 
ox traction). The second village, Diapangou, is in the sparsely populated 
eastern region twenty kilometers west of Fada N'Gourma (five to fifteen 
inhabitants per square kilometer). The sample there of fifty-nine 
households consists of eleven manual farms, twenty-one donkey traction and 
twenty-seven oxen traction (seven of the latter also use donkey traction). 
Both villages are in the rainfed millet-sorghum zones of Upper Volta with 
average annual rainfall being near 700mm for Nedogo and 800mm in 
Diapangou. Secondary crops include peanuts, cowpeas, bambara nuts, rice 
and maize. In Diapangou soybeans are also grown. 
 

Agriculture in these villages is typical of much of Upper Volta: 
over 90% of farm production is consumed by the farm family with little or 
no marketed surplus in most years (although some farmers in Diapangou 
market significant surpluses). Soil fertility and yields are low. Fallow 
is rare in Nedogo, while in Diapangou shifting cultivation is practiced. 
In both villages manure and crop residues are used to maintain fertility. 
 

The two villages are not representative of the regions in one 
respect--as many as half the farm families use or have used animal 
traction. Although this divergence limits the extent to which the results 
can be extrapolated to estimate animal traction use of these regions, it 
should not affect the internal consistency of the "with and without" 
comparisons being made. The reasons for the higher rates of use appear to 
be the result of exposure to extension and credit programs rather than any 
agronomic anomalies. 
 
Production Survey Methodology 
 

Each farm family was interviewed twice a week by Voltaic numerators 
about the labor and nonlabor inputs in all fields (except a small sub-
sample of minor crops). All fields were measured and harvests were 
weighed. Threshing coefficients and dry weights were computed by drying 
and threshing a sample from all major fields. 
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Farmer Interviews 
 

In addition to the farm production survey, in-depth farmer 
interviews were conducted within the farm samples. These pertained to two 
general areas of inquiry: first, they elicited farmers' perceptions about 
changes in resource use and productivity since they began using animal 
traction (e.g., do they farm more land now than before using animal 
traction?). Second, they recorded farmers' perceptions about the potential 
and actual benefits of animal traction (e.g., their estimate of yield 
increases for sorghum due to plowing before planting). 
 
INTERVIEW RESULTS 
 

The results of these interviews are compared with the farm 
production results, but also were used extensively in formulating the 
principal hypotheses regarding animal traction in Upper Volta. A list of 
the principal hypotheses appears below: 
 
1. Yield increases associated with animal traction are due mainly to 

preplant plowing; these effects are larger with oxen plowing than the 
shallower donkey plowing. 

 
2. Potential acreage increases with animal traction are due mainly to 

increased productivity of labor during weeding operations. 
 
3. Problems associated with peak labor bottlenecks can be exacerbated when 

preplant plowing results in delayed planting and first weeding. 
Preplant plowing alone may actually result in a decrease in area 
cultivated for two reasons: first, plowing with the onset of early 
rains, instead of planting directly, can delay planting and reduce the 
period during which planting is possible. Second, if weeds have not yet 
geminated when plowing occurs, it may accelerate weed growth and limit 
even further the planting period by moving up the tine when planting 
activities must give way to weeding. In addition, delaying planting 
increases the risk of low yields due to late season drought stress. 

 
4. Animal traction allows child labor to be used more productively, 

thereby reducing the constraint on adult family labor during critical 
periods. 

 
5. The critical timing required for animal traction activities associated 

with short season, rainfed agriculture restricts the potential for the 
development of rental markets and thereby limits profitability for 
smallholders. 

 
6. There are economies of scale associated with animal traction. 
 
7. Complementarities exist between animal traction and other soil 

fertility and moisture conservation technologies such as nitrogen 
fertilizers and tied-ridging. 
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8. Actual production increases can diverge from potential increases due 
to income effects associated with increased labor productivity: 
Farmers may choose to work less, while at the same time maintaining, 
or increasing their production. 

 
9. Increased factor productivity with animal traction results in a 

larger share of resources being allocated to cash crop activities. 
 
10.  The opportunity cost of investing in draft animals for many 

 smallholders is the sacrifice of benefits derived from investing in 
 more "liquid" livestock assets such as goats and sheep which are 
 widely used as a form of crop insurance and a store of wealth. 

 
11. Maintenance of draft animals does not present a major problem except 

for very small households where adequate child labor is unavailable. 
 
12. By plowing part of their fields farmers can reduce labor bottlenecks 

at weeding time since the plowed part will usually require weeding 
at a later time, so that the operation can be staggered between the 
plowed and non-plowed parts. But this occurs only if early rains 
have caused weeds to sprout prior to plowing. 

 
In general, farmers perceived substantial benefits from the use of 

animal traction. However, responses about increased area cultivated over 
time were inconclusive: although nearly all households reported 
cultivating more land than they had before adopting animal traction, 
nearly all households increased the number of active workers as well, and 
hand tillage households gave similar responses. There was, however, a 
notable increase in marketed surplus according to farmers. All animal 
traction households in Diapangou and 75% of those in Nedogo reported that 
they sell more of the production from the principal family millet field 
than they did before using animal traction. Harvests from personal fields 
are more often marketed now as well; the increase is mainly in millet, 
followed by peanuts, and in Diapangou, by soybeans. 
 

In both villages first weeding appears to be the primary labor 
bottleneck, followed by planting in Nedogo, and preplant plowing in 
Diapangou. Animal traction appears to have shifted these constraints on 
household labor. Farmers were asked to indicate the activity for which the 
lack of labor restricted their ability to increase production both before 
and after adopting animal traction. The results are presented in Table 1. 
In Nedogo, preplant plowing is not normally done. Even with animal 
traction, line tracing or superficial scarification with the Houe Manga 
are the only land preparation activities The Houe Manga is a multipurpose 
tool bar using tines and sweeps for scarification and interrow 
cultivation). The use of the Houe Manga appears to have lessened the 
constraint on first weeding substantially: two-thirds of those using 
animal traction said that labor is no longer a constraint. In Diapangou, 
animal traction appears to facilitate preplant plowing and to reduce the 
constraint of early weeding. Planting was more frequently cited, 
presumably a result of increased preplant plowing planting and constricts 
the period during which it can be done. Mechanized planting and harvesting 
are rare in Upper Volta. 
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Table 2 summarizes fanners' perceptions about factor productivities 
with animal traction. Yield increases due to preplant plowing are thought 
to be greatest for maize and peanuts, followed by sorghum and millet. With 
donkey traction, farmers expect to perform weeding operations twice as 
fast as by hand tillage; and with oxen traction, it is believed to cut 
weeding time to about a third. Oxen reportedly can plow twice as much land 
per day as donkeys, but it appears that the shallower donkey plowing can 
be continued longer after a rain under dryer soil conditions. (In Nedogo, 
the same shallow scarification is done with both donkeys and single ox 
traction.) 
 
FARM PRODUCTION SURVEY RESULTS 
 

The cross-sectional production data from FSU's 1982 farm surveys is 
examined in five separate, but related, ways for evidence of the benefits 
of animal traction. First, acreage cultivated by crop is compared (both 
total area and as a share of total cropped area). Second, yields are 
compared between groups. Third, total production by crop is compared, 
which will incorporate net effects of both yield and acreage differences. 
Fourth, total production is valued at harvest period market prices to 
compare the direct effects of animal traction on farm income. Finally, 
labor use in the subsamples is compared for evidence of changes in the use 
of household labor. 
 
Acreage Effects 
 

Tables 3 and 4 compare arithmetic means of area cultivated by crop. 
Minor crops occupying less than one percent of land area are excluded. 
Fields that were intercropped are classified according to the dominant 
crop. 
 

In Nedogo where the Houe Manga is used primarily in weeding 
operations, donkey traction households cultivate an average of 1.23 
hectares per worker compared to 0.94 hectares per worker for hand tillage 
households. This increase of 32% is significant at the 0.01 level and is 
the result of increases in area planted to millet, white sorghum, maize, 
and groundnuts. The cropping patterns of the two groups are nearly 
identical except for a small shift from red sorghum to white sorghum by 
animal traction households. 
 

In Diapangou where more preplant plowing is done and only 60% of the 
animal traction farmers have weeding equipment, there is no increase in 
area cultivated per worker. Increases in cropped area per household occur 
for millet/sorghum, maize and peanuts, but these are attributable to the 
larger number of workers in animal traction households. Millet's share of 
the total cropped area is less among animal traction farmers with an 
increase in the shares of white sorghum, peanuts, rice and 
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planting and constricts the period during which it can be done. Mechan- 
ized planting and harvesting are rare in Upper Volta. 

Table 2 summarizes farmers' perceptions about factor productivities 
with animal traction. Yield increases due to preplant plowing are thought 
to be greatest for maize and peanuts, followed by sorghum and millet. With 
donkey traction, farmers expect to perform weeding opera— tions twice as 
fast as by hand tillage; and with oxen traction, it is believed to cut 
weeding time to about a third. Oxen reportedly can plow twice as much land 
per day as donkeys, but it appears that the shallover donkey plowing can 
be continued longer after a rain under dryer soil conditions. (In Nedogo, 
the same shallow scarification is done with both donkeys and single ox 
traction.) 
 

FARM PRODUCTION SURVEY RESULTS 

The cross — sectional production data from FSU's 1982 farm surveys 
is examined in five separate, but related, ways for evidence of the bene— 
fits of animal traction. First, acreage cultivated by crop is compared 
(both total area and as a share of total cropped area). Second, yields are 
compared between groups. Third, total production by crop is compared, 
which will incorporate net effects of both yield and acreage differences. 
Fourth, total production is valued at harvest period market prices to 
compare the direct effects of animal traction on farm income. Finally, 
labor use in the subsamples is compared for evidence of changes in the use 
of household labor. 

Acreage Effects 

Tables 3 and 4 compare arithmetic means of area cultivated by crop. 
Minor crops occupying less than one percent of land area are excluded. 
Fields that were intercropped are classified according to the dominant 
crop. 

In Nedogo where the Houe Manga is used primarily in weeding opera— 
tions, donkey traction households cultivate an average of 1.23 hectares 
per worker compared to 0.94 hectares per worker for hand tillage house— 
holds. This increase of 32% is significant at the 0.01 level and is the 
result of increases in area planted to millet, white sorghum, maize, and 
groundnuts. The cropping patterns of the two groups are nearly identical 
except for a small shift from red sorghum to white sorghum by animal 
traction households. 

In Diapangou where more preplant plowing is done and only 60% of the 
animal traction farmers have weeding equipment, there is no increase in 
area cultivated per worker. Increases in cropped area per household occur 
for millet/sorghum, maize and peanuts, but these are attributable to the 
larger number of workers in animal traction households. Millet's share of 
the total cropped area is less among animal traction farmers vith an 
increase in the shares of white sorghum, peanuts, rice and 
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soybeans, an indication that land is shifted away from subsistence 
production towards cash crops. 
 
Yield Effects 
 

Tables 5 and 6 compare yields for the two villages.4 The results 
from Nedogo show a significant decrease in white sorghum yields and a 
similar (but not statistically significant) increase in red sorghum 
yields. 
 

The yield effects in Diapangou are more pronounced. Statistically 
significant yield increases are obtained for white sorghum, millet- 
sorghum, maize and peanuts. A large decrease in soybean yields was 
observed among donkey traction households. (The comparison is question-
able, however, since the manual farm sample contains only six observations 
for a total area of 0. 55 Ha. Similarly, for white sorghum and peanuts, 
the number of manual households is small. ) 
 
Total Crop Production 
 

Differences in weight harvested between farm classes should be close 
to the product of the acreage and yield effects presented above. The 
actual differences presented in Tables 7 and 8 will diverge from these 
products for two reasons. One, intercrops will be represented here 
separately when they were harvested and weighed apart; and two, the 
product of mean yield and mean acreage will differ from the mean of the 
products of yield and acreage if yield and acreage are correlated.5 The 
measure used here is the most straightforward one; summing harvested 
weight by crop and by household. 
 

In spite of differences between the two villages in yield and 
acreage effects, the overall effects on production per worker are 
surprisingly similar: both show significant increases in millet, or millet 

 
 

4 Mean yields were weighted within households by field area, but grouped 
means are arithmetic between households. Minor intercrops and border 
crops were ignored. Harvests were summed when cereals were inter-
cropped. 

 
5  n   n   n 
1/n ( ∑ ai bi ) ≠ 1/n ( ∑ ai ) ( ∑ bi ) 
  i=1  i=1  i=1 

where: corr (ab) ≠ 0 
 
 ai = yield (Kg/Ha) from field i 
 bi = area (Ha) of field i 
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-sorghum, maize and peanuts. In both villages, there is evidence of a 
decrease in bambara nut production (although not statistically 
significant) and no change in cowpeas harvested per worker. In Nedogo, 
although millet production per worker increased 38%, red and white sorghum 
production declined (not statistically significant) resulting in a net 
increase of 16% for millet and sorghums. 

 
Labor Use 
 

Increases in total production per worker are not sufficient to 
conclude that animal traction has a direct effect on labor or land 
productivity. Changes in labor use patterns or other input use asso- 
ciated with one of the two subsamples being compared could lead to false 
conclusions. Income and/or substitution effects of changes in labor's 
productivity may result in increases or decreases in the hours worked per 
household member. If one were to find that more hours were spent weeding 
per person in the animal traction sample, it would become more difficult 
to argue that an increase in acreage cultivated was due to increased labor 
productivity rather than simply increased labor (reduced leisure). 
 

The comparisons in Table 9, however, show that in no case was labor 
input per household member increased significantly in the animal traction 
sample, but that in several cases the labor inputs were reduced. Combining 
this evidence with the increases in farm production per worker already 
shown lends support to the hypothesis that animal traction increases labor 
productivity. In addition, this implies that the income effect of 
increased labor productivity dominates the substitution effect in the 
labor-leisure choice. Table 9 does not, however, support the hypothesis 
that animal traction allows labor requirements to be shifted from adult 
labor to child labor. 
 
Farm Income 
 

In order to combine the yield and acreage effects associated with 
animal traction, we have valued all crop production at harvest period 
prices in the respective villages (using three month averages beginning at 
early harvest) and compared value of farm production per worker between 
farm classes. The differences shown in Table 10 are significant in all 
classes of animal traction farms. Somewhat surprisingly the largest 
increase is in donkey traction in Diapangou, although this figure is not 
significantly different from the increases associated with oxen traction. 
 

Assuming then that the increases associated with animal traction are 
attributable to animal traction, we multiply the differences per worker by 
the mean number of workers per household to estimate the production 
benefits of animal traction by farm class. Here oxen traction in Diapangou 
comes out slightly ahead of donkey traction; the results suggest an 
increase of 67,500 francs CFA in farm income with a 
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pair of oxen, and 66,900 francs CFA in farm income with a single donkey. 
Since farm classes were grouped independent of the number of years of 
experience with animal traction, this will tend to bias downwards our 
estimates of the potential benefits after several years experience with 
animal traction. 
 

Although grouped comparisons of this kind offer strong evidence in 
support of animal traction, they are only a crude means by which to 
measure the productivities of these labor inputs to production. A more 
direct and insightful approach would capture the relationship between 
inputs and output using regression analysis. Since neither land nor 
capital play significant economic roles in the production function, the 
appropriate specification is simply income regressed on the five types of 
labor inputs (land has no market value, is abundant in most of the 
country, and would be impossible to value given qualitative differences. 
Capital is largely absent except for animal traction which will be 
included implicitly as a labor input). The resulting coefficients will 
represent the marginal and average value products of those inputs since 
they are linear and pass through the origin. 
 

The cogent results in Table 11 leave little doubt that there are 
substantial productivity differences between manual and animal traction 
inputs. In both villages donkey traction is roughly six times more 
productive than manual adult labor, oxen traction in Diapangou is about 
seven times as productive. Taking into consideration the number of people 
driving these traction teams suggests that two adult workers are about 
three times as productive when working with traction animals as when 
working by hand. 
 

Validation of these results can be achieved by two obvious tests. 
First, economic theory predicts that these coefficients, which represent 
marginal value product, will equal the observed wage and rental rates. 
Actual observed payments for labor hire and animal traction rental match 
these with surprising accuracy. Mean wage rates of 36 and 45 CFA francs 
per hour were observed in Nedogo and Diapangou respectively, and animal 
traction rentals were near 300 CFA francs per hour. Second, these 
estimates correspond quite closely to the relative productivities implicit 
in the farmer interview responses. 
 

The contrasting coefficients for child labor in the two villages are 
somewhat puzzling. However, by grouping fifteen year olds with seven year 
olds it is not surprising that inconsistencies arise in estimating their 
productivity. 
 

The existence of a "learning curve" associated with animal tract ion 
is most clearly demonstrated in Nedogo by a log linear regression of years 
of experience on area cultivated. The regression is presented in Table 12 
and the estimated learning curve is illustrated in Figure 1. The strong 
findings suggest that with four years experience a donkey traction 
household expands the area cultivated by more than two hectares. Not only 
does this provide very strong support for the dynamic relationship between 
experience and productivity with animal traction, 
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but it casts serious doubt on the assertion that land is a strictly 
binding constraint on this part of the Mossi plateau. Fanners appear to be 
able to add land to their farms as animal traction and experience increase 
the productivity of their limited family labor force. 
 
RETURNS TO INVESTMENT IN ANIMAL TRACTION 
 

As an investment activity, adoption of animal traction must be 
evaluated over time and compared to the opportunity cost of that 
investment. The results from the previous sections, including evidence of 
a learning curve are incorporated into the partial budgets presented in 
Tables 13, 14 and 15. These projections assume no increase in production 
the first year, but a linear "learning curve" in the four following years 
so that in year five the adopter obtains the mean increase in production 
income found in Table 10. Animal prices and all variable costs are means 
derived from information collected in the two villages. The expected cost, 
or risk of financial loss, when an animal dies is calculated directly from 
complete histories of animal traction use by al1 households in the sample. 
Equipment prices are current prices from APICOMA, one of the two major 
farm equipment suppliers in the country. Values used are chosen to give 
conservative results of the profitability of animal traction. For example, 
most donkeys sold maintained their value or appreciated slightly. 
Nevertheless, we assume here a 40% depreciation over four years. On 
average, oxen appreciated 15,000 francs CFA per year; we use here 12,500 
francs CFA. These budgets indicate an internal rate of return of 9.8% for 
donkey traction in Nedogo and 31.2% in Diapangou. For oxen traction in 
Diapangou, the value is 20.7%. 
 
CONCLUSIONS 
 

As with all empirical data inferences should not be made beyond the 
range of observation. But the several sources of bias notwithstanding, 
these results contrast sharply with studies which have previously been 
unable to document significant benefits to animal traction. The analysis 
presented here leads one to conclude that (1) weeding with donkey and oxen 
traction increases labor productivity roughly by a factor of three and can 
allow significant acreage increases where land is not constraining, (2) 
plowing before planting can result in substantial yield increases when 
early rains permit plowing prior to planting, (3) oxen have an absolute 
advantage in both plowing and weeding operations, and (4) donkeys have a 
comparative advantage in the weeding operations which require less power 
and more control. 
 

With animal traction smallholders tend to increase the share of 
resources used in the production of market-oriented crops. Farmers 
indicated that their marketed surplus grew with the adoption of animal 
traction. In both villages the production increases were in millet, 
sorghum, peanuts and maize. These increases do not appear, however, to 
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be a result of increased labor inputs. To the contrary, the evidence 
suggests some reduction in labor inputs. 
 

A better understanding of the slow adoption rates will require 
additional analysis beyond the scope of this paper, but a few observations 
can be made at this point: 
 
1 Plowing with animal traction will encounter resistance where rainy 

seasons are short and risks of losses to delayed planting are high. 
 
2 Acceptance of weeding with animal traction depends on the quality and 

proximity of available land. 
 
3 Although the internal rates of return calculated above appear to be 
 satisfactory, there is no adequate way of evaluating the opportunity 
 cost, or scarcity value, for a farmer's alternative uses of capital 
 in the absence of developed capital markets. 
 
4 Recognizing the riskiness of agricultural production under the 

conditions described and the unacceptability of large losses to farmers 
near the subsistence level, the evidence presented suggest  that adop-
tion of animal traction would meet less resistance when weeders precede 
plows and donkeys precede oxen. 
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TABLE 1 
 

ACTIVITY OERCIEVED TO BE MOST CONSTRAING BY FARMERS 
 

 Preplant 
Plowing Planting 

First 
Weeding 

Second 
Weeding 

Labor Not 
Constraining 

 
DIAPANGOU 

     

 
Before Using 
Animal Traction 
(n = 48) 

43% 11% 66% 19% 0% 

 
With  
Animal Traction 
(n = 48) 

6% 38% 49% 21% 9% 

 
Hand Tillage 
Households  
(n = 11) 
 

36% 36% 55% 0% 0% 

NEDOGO      
 
Before Using 
Animal Traction 
(n = 36) 

---a 36% 81% 0% 3% 

 
With 
Animal Traction 
(n = 36) 

--- 14% 25% 0% 67% 

 
Hand Tillage 
Households 
(n = 24) 

--- 30% 70% 0% 0% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Totals exceed 100% due to multiple responses.  Planting and first 
weeding were often cited jointly. 
 
a Preplant plowing is not practiced here. Donkey drawn adjustable toobars 

are sometimes used to “scarify” the field before planting.
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TABLE 2 
 

ANIMAL TRACTION AND RESOURCE PRODUCTIVITY 
 

FARMERS’ SUBJECTIVE RESPONSES 
 

 NEDOGO 
(n = 36) 

DIAPANGOU 
(n = 48) 

Yield Increases Expected With 
Preplant Plowing: 

  

Millet 20% -  50% 20% -  50% 
Sorghum 10% -  60% 30% -  60% 
Maize 50% - 150% 20% -  50% 

Peanuts 
 

20% - 100% 
 

50% - 100% 
 

A Field Requiring Ten Days to 
Weed by Hand, Requires How 
Many Days With: 

  

Donkey Traction? 5 Days 4 – 6 Days 
Oxen Traction? 

 
 

3 Days 
(Single ox) 

 

2 – 4 Days 
 
 

A Field Requiring Five Days 
to Plow With Oxen, Requires 
How Many Days With a Donkey? 

7 – 8 Days 
(compared to a 
single ox) 

8 – 12 Days 

Maximum Hours Per Day the 
Animals Can Plow   

Donkey? 4 – 6 Hours 
(Scarification) 3 – 4 Hours 

Oxen? 
 
 

7 – 8 Hours 
(Scarification) 

 

4 – 5 Hours 
 
 

Number of Days After a Good 
Rain That Preplant Plowing Is 
Possible With: 

  

Donkey Traction? 
 

3 – 5 Days 
(Scarification) 

4 Days 
 

Oxen Traction? 
 
 

4 – 6 Days 
(Scarification) 

 

3 Days 
 
 

Hours Per Day Animals Can 
Weed:   

Donkey? 5 – 7 Hours 4 Hours 
Oxen? 6 – 8 Hours 5 Hours 
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TABLE 3 
 

LAND USE AND CROPPING PATTERNS, NEDOGO 
 

 Hand Tillage 
(n = 24) 

 Donkey Traction 
(n = 36) 

  
Area (Ha) 

Percent 
of Total   

Area (Ha) 
Percent 
of Total 

Increase Over 
Hand Tillage (Ha) 

 
Millet 
 

 
2.74 

 
62.0 

  
5.20 

 
63.0 

 
 2.46*** 

White Sorghum 
 

0.68 15.4  1.51 18.5  0.83*** 

Red Sorghum 
 

0.56 12.7  0.71 8.6  0.15 

Maize 
 

0.09 2.0  0.20 2.4  0.11*** 

Groundnut 
 

0.24 5.4  0.45 5.5  0.21*** 

Bambara Nuts 
 

0.08 1.8  0.10 1.2  0.03 

Rice 
 

0.02  0.5 0.01  0.1 

Total 

0.01 

 
 

4.41 
 

100.0 
 

 8.18 100.0  3.77*** 

Active Workers Per Household 4.71  6.64  
 
Mean Area Cultivated Per Worker 
 
 

0.94 
   1.23 

  

 
 0.3** 
(Increase of 32%) 

 

Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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TABLE 4 
 

LAND USE AND CROPPING PATTERNS, DIAPANGOU 
 

 

 Hand Tillage 
(n = 11)  Donkey Traction 

(n = 21)  Oxen Traction 
(n = 27) 

 

Area (Ha) 
Percent 
of Total  Area (Ha) 

Percent 
of Total 

Increase Over 
Hand Tillage 

(Ha)  Area (Ha) 
Percent 
of Total 

Increase Over 
Hand Tillage 

(Ha) 

Millet/ 
Sorghum 

 
4.48 
 

 
  89.1 

  
5.59 

 
  75.0 

 
1.10 

  
6.27 

 
  81.2 

 
  1.79 

White 
Sorghum 

 
0.14 
 

 
   2.8 

  
0.87 

 
  11.7 

 
0.73* 

  
0.25 

 
   3.2 

 
  0.11 

 
Maize 

 
0.14 

 
   2.8 

  
0.17 

 
   2.3 

 
0.03 

  
0.28 

 
   3.6 

 
  0.14** 

 
Groundnut 

 
0.18 

 
   3.5 

  
0.45 

 
   6.0 

 
0.27 

  
0.58 

 
   7.5 

 
  0.40* 

 
Bambara Nut 

 
0.03 

 
   0.6 

  
0.04 

 
   0.5 

 
0.01 

  
0.06 

 
   0.8 

 
  0.03 

 
Rice 

 
0.01 

 
   0.2 

  
0.13 

 
   1.8 

 
0.12 

  
0.07 

 
   0.9 

 
  0.06 

 
Soybean 

 
0.05 

 
   1.0 

  
0.20 

 
   2.7 

 
0.15 

  
0.22 

 
   2.9 

 
  0.17 

 
Total 

  
5.03  

 
100.0 

  
7.45  

 
100.0 

 
2.42 

  
7.73  

 
100.0   

 
2.70 

Active 
Workers Per 
Household 

 
4.36 

 
 

6.38 

  
 

7.63 

 

 
Mean Area 
Cultivated 
Per Worker 
 

1.15 

  

1.17 

 

0.02 

 

1.01 

 

 -0.14 

Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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TABLE 5 
 

YIELDS BY TILLAGE TECHNOLOGY, NEDOGO 
 

(Kilograms Per Hectare) 
 
 

 Hand 
Tillage   

Donkey Traction 
  

Mean Yield   
Mean Yield 

Increase Over 
Hand Tillage 

Percent 
Increase 

Millet 
 

350 
(n = 24) 

 
 

336 
(n = 36) 

 - 14  - 4.0% 

White Sorghum 
 

515 
(n = 19) 

 
 

343 
(n = 30) 

 -172**  -33.4% 

Red Sorghum 
 

421 
(n = 20) 

 
 

578 
(n = 32) 

  157   37.3% 

Maize 
 

1140 
(n = 24) 

 
 

971 
(n = 35) 

 -169  -14.8% 

Peanuts 
 

 
502 

(n = 24) 
 

 
 

 
435 

(n = 36) 
 

 - 67 
 

 -13.4% 
 

Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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TABLE 6 
 

YIELDS BY TILLAGE TECHNOLOGY, DIAPANGOU 
 

(Kilograms Per Hectare) 
 

 Hand 
Tillage  Donkey Traction  Oxen Traction 

 Mean 
Yield  Mean 

Yield 
Increase Over 
Hand Tillage 

Percent 
Increase  Mean 

Yield 
Increase Over 
Hand Tillage 

Percent 
Increase 

 
Millet/Sorghum 
(Sole-cropped 
Millet Included) 

 
329 

(n = 11) 
 

 403 
(n = 21)    74*   22%  

 
391 

(n = 26) 
  62*   19.0% 

 
White Sorghum 
 

 
171 

(n = 5) 
 

 
428 

(n = 13) 
  256  150%  

 
368 

(n = 9) 
 197*  115.0% 

 
Maize 
 

 
1429 

(n = 11) 
 

 
1636 

(n = 21) 
  208   15%  

 
1879 

(n = 26) 
 451**   32.0% 

 
Peanuts 
 

 
256 

(n = 6) 
 

 
519 

(n = 19) 
  263***  102%  

 
548 

(n = 20) 
 292**  114.0% 

 
Soybeans 
 
 

 
762 

(n = 6) 
 

 

 
297 

(n = 18) 
 

 -465*** 

 
 -61% 
  

 
764 

(n = 19) 
 

   2 
 

   0.3% 
 

Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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TABLE 7 
 

PRODUCTION PER WORKER, NEDOGO 
 

 Hand Tillage 
(n = 24)  Donkey Traction 

(n = 36) 
 

Kg/Worker  Kg/Worker 

 
Increases Over 
Hand Tillage 

Percent 
Increase 

 
Millet 

 
 190.8 

  
 262.6 

 
  71.9*** 

 
  38% 

 
White Sorghum 

 
  83.2 

  
  71.6 

 
 -11.6 

 
 -14% 

 
Red Sorghum 

 
  57.6 

  
  49.5 

 
 - 8.1 

 
 -14% 

 
Maize 

 
  15.4 

  
  24.1 

 
   8.7** 

 
  56% 

 
Groundnut 

 
  17.0 

  
  23.6 

 
   6.6* 

 
  39% 

 
Bambara Nut 

 
   8.5 

  
   2.2 

 
 - 6.3 

 
 -74% 

 
Cowpea 
 

 
   7.5 

 

  
   7.7 

 

 
   0.2 

 

 
   3% 

 
Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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TABLE 8 
 

PRODUCTION PER WORKER, DIAPANGOU 
 

 Hand Tillage 
(n = 11)  Donkey Traction 

(n = 21)  Oxen Traction 
(n = 27) 

 Kg/ 
Worker  Kg/ 

Worker 
Increase Over 
Hand Tillage 

Percent 
Increase  Kg/ 

Worker 
Increase Over 
Hand Tillage 

Percent 
Increase 

 
Millet/Sorghum 

 
294.3 

  
 454.7 

 
 160.4** 

 
   54.0% 

  
 416.2 

 
  121.9* 

 
   41.0% 

 
Maize 

 
  42.2 

  
  46.5 

 
   4.3 

 
   10.2% 

  
  74.1 

 
   31.9** 

 
   75.6% 

 
Groundnut 

 
   6.7 

  
  27.0 

 
  20.3*** 

 
  303.0% 

  
  27.5 

 
   20.8** 

 
  310.0% 

 
Bambara Nut 

 
   6.8 

  
   5.6 

 
 -  1.15 

 
 - 16.9% 

  
   3.35 

 
 -  3.4 

 
 - 50.0% 

 
Cowpea 

 
  44.6 

  
  51.5 

 
   6.9 

 
   15.5% 

  
  44.7 

 
 -  0.1 

 
    0.2% 

 
Soybean 
 

 
   6.5 

 

  
   7.2 

 

 
   0.7 

 

 
   10.7% 

 

  
   7.21 

 

 
    0.71 

 

 
   10.9% 

 
Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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TABLE 9 
 

MEAN HOURS SPENT ON MAJOR OPERATIONS 
 

PER ACTIVE FAMILY MEMBER 
 
 

NEDOGO 

 Men  Women  Childrena 

  
Manual 

Animal 
Traction   

Manual 
Animal 
Traction   

Manual 
Animal 
Traction 

 (n=24) (n=36)  (n=24) (n=36)  (n=12) (n=29) 
 
Preplant 
Plowing 

  17.3    13.1*    20.6    11.1***      6.9     9.8 

 
Planting 

 
  55.8 

 
   49.3   

  76.4 
 
   76.3   

   37.1 
 
   40.4 

 
First 
Weeding 

 225.0   196.9   217.2   200.9     82.5   124.4 

 
Second 
Weeding 
 

 132.2 
 

  130.1 
   120.4 

 
  113.1 
     44.2 

 
   79.1* 

 

 
 

DIAPANGOU 
 

 Men  Women  Childrena 
  

Manual 
Animal 
Traction   

Manual 
Animal 
Traction   

Manual 
Animal 
Traction 

 (n=11) (n=48)  (n=11) (n=45)  (n=8) (n=40) 
 
Preplant 
Plowing 

  74.5    70.7    37.0    31.5     37.5    57.5 

 
Planting 

 
  93.8 

 
   45.9***   

  77.2 
 
   92.0   

   45.1 
 
   40.2 

 
First 
Weeding 

 239.1   202.4   144.4   143.5    166.5   101.9* 

 
Second 
Weeding 
 

 316.2 
 

  203.2** 

   185.6 
 

  120.8** 

    189.9 
 

   95.0*** 

 

Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
a Children are active workers 15 years old and under 
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TABLE 10 
 

VALUE OF PRODUCTION PER WORKER 
 

(IN CFA FRANCS)a 

 
 Band 

Tillage 
Donkey 

Traction 
Oxen 

Traction 
Donkey and 

Oxen Traction 

 
NEDOGO (n=24) 

 
(n=31) 

  (n=5) 
 

(A) Revenue 
Per Worker 
 

24,422 
 

 

28,418* 
 
 

--- 
 
 

31,862* 
 
 

(B) Increase Over 
Hand Tillage 
 

--- 
 
 

4,473* 
 
 

--- 
 
 

7,439* 
 
 

(C) Percent Increase 
 

--- 
 

18.3% 
 

--- 
 

30.4% 
 

(D) Workers/  
Household 
 

4.71 
 
 

6.45 
 
 

--- 
 
 

7.8 
 
 

(E) Increased Revenue 
Per Worker 
X No. of Workers 
(D X B = E) 
 

--- 
 
 
 
 

28,850 
 
 
 
 

--- 
 
 
 
 

58,024 
 
 
 
 

 
DIAPANGOU (n=11) 

 
(n=21) 

 
(n=20) 

 
(n=7) 

 
(A) Revenue 

Per Worker 
 

22,191 
 
 

32,670 
 
 

31,196 
 
 

29,556 
 
 

(B) Increase Over 
Hand Tillage 
 

--- 
 
 

10,479*** 
 
 

9,004** 
 
 

7,358* 
 
 

(C) Percent Increase 
 

--- 
 

47% 
 

40% 
 

33% 
 

(D) Workers/  
Household 
 

4.36 
 
 

6.38 
 
 

7.5 
 
 

8 
 
 

(E) Increase Revenue 
Per Worker 
X No. of Workers 
(D X B = E) 
 

--- 
 
 
 
 

66,856 
 
 
 
 

67,530 
 
 
 
 

58,864 
 
 
 
 

a One dollar equals approximately 380 CFA francs. 
Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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TABLE 11 
 

REGRESSIONS ON FARM INCOME 
 

DEPENDENT VARIABLE: VALUE OF FARM PRODUCTIONa 

 
(In CFA FRANCS) 

 

 
NEDOGO 

Variable Coefficient t - Value 
Intercept originb  
Hand tillage   
  Man hoursc   40.3   3.0*** 
  Woman hours   43.1   3.9*** 
  Child hoursd   48.1   2.8*** 
Donkey team hours  271.1   5.9*** 
Single ox hours  143.2   2.2** 

 R2 = 0.93 
 F = 151 
  n = 60 

 

 
DIAPANGOU 

Variable Coefficient t - Value 
Intercept originb  
Hand tillage   
  Man hoursc   58.1   4.0*** 
  Woman hours   50.4   4.7*** 
  Child hoursd  -14.0  -0.7 
Donkey team hours  398.7   3.8*** 
Oxen team hours  428.6   4.5*** 

  R2 = 0.90 
  F = 95 
  n = 59 

 
a All crop production is valued at harvest period prices. 
 
b The estimated regression line was forced to include the origin, since 
logically zero inputs must result in zero output. 
 
c Hand tilling hours exclude the hours spent “driving” the animal traction 
teams. Donkey teams typically require two people, oxen teams are most 
often observed with three.  These labor times are

 

 included where 
appropriate, however, such as Table 12. 

d Children are active workers 15 years old and under. 
 
Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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TABLE 12 
 

REGRESSION ON CROPPED AREA, NEDOGO 
 

DEPENDENT VARIABLE: TOTAL AREA CULTIVATED BY HOUSEHOLD 
 

Variable Coefficient t - Value 
 
Intercept 

 
origin 

 

 
Male Workers 

 
0.57 

 
 2.4** 

 
Female Workers 

 
1.14 

 
 5.4*** 

 
Child Workers 

 
0.51 

 
 1.9* 

 
Ln (1 + years of experience 
  with animal traction) 
 

 
1.35 

 
 4.9*** 

  R2 = 0.93 
 

  F = 182 
 

  n = 60 
 

Significance levels: * = 0.1; ** = 0.05; *** = 0.01. 
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FIGURE 1 
 

ILLUSTRATION OF LEARNING CURVE 
 

WITH ANIMAL TRACTION, NEDOGO 
 

 
 
 
 
 
 
 
 
 
 

Area 
Cultivated 
(hectares) 

8.0 
 
 
 
 
 
 

7.0 
 
 
 
 
 
 

6.0 
 
 
 
 
 
 

5.0 
 
 
 
 
 
 

4.0  
 0      1      2      3      4      5      6      7      8 
 Years of Experience With Donkey Traction 

 
Source: Regression equation, Table 12. 
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TABLE 13 
 

PARTIAL BUDGET FOR DONKEY TRACTION, NEDOGO 
 

 Years 
 1 2 3 4 5 6 7 8 

  Revenues        

Incremental Value of Crop Production 0 7,000 14,000 21,000 28,000 28,000 28,000 28,000 
Animal Sales -- -- -- -- 15,000 -- -- 15,000 
Equipment Sales 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

 2,000 
 

 Variable Costs        
Equipment Purchase 29,000 -- -- -- -- -- -- -- 
Animal Purchase 25,000 -- -- -- 25,000 -- -- -- 
Equipment Repair -- 2,000 2,000 2,000  2,000 2,000 2,000 2,000 
Feed Grain, Salt  4,310 4,310 4,310 4,310  4,310 4,310 4,310 4,310 
Expected Loss Due to Animals Death 
(5% per year) 
 

 
 1,250 

 
 

1,250 

 
 

1,250 

 
 

1,250 

 
 

 1,250 

 
 

1,250 

 
 

1,250 

 
 

1,250 

 
-60,050 Expected Net Benefits  -560 6,440 13,440 10,440 20,440 20,440 37,440 

 

 
Internal Rate of Return = 9.84% 
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TABLE 14 
 

PARTIAL BUDGET FOR DONKEY TRACTION, DIAPANGOU 
 

 Years 
 1 2 3 4 5 6 7 8 

  Revenues        

Incremental Value of Crop Production 0 16,500 33,000 49,500 66,000 66,000 66,000 66,000 
Animal Sales -- -- -- -- 15,000 -- -- 15,000 
Equipment Sales 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

 2,000 
 

 Variable Costs        
Equipment Purchase 39,060 -- -- -- -- -- -- -- 
Animal Purchase 25,000 -- -- -- 25,000 -- -- -- 
Equipment Repair --  2,000  2,000  2,000  2,000  2,000  2,000  2,000 
Feed Grain, Salt  4,310  4,310  4,310  4,310  4,310  4,310  4,310  4,310 
Expected Loss Due to Animals Death 
(5% per year) 
 

 
 2,000 

 
 

 2,000 

 
 

 2,000 

 
 

 2,000 

 
 

 2,000 

 
 

 2,000 

 
 

 2,000 

 
 

 2,000 

 
-70,370 Expected Net Benefits 8,190 24,690 41,190 47,690 57,690 57,690 74,690 

 
Internal Rate of Return = 31.2% 
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TABLE 15 
 

PARTIAL BUDGET FOR OXEN TRACTION, DIAPANGOU 
 

 Years 
 1 2 3 4 5 6 7 8 

  Revenues        

Incremental Value of Crop Production 0 16,750 33,500 50,250  67,000 67,000 67,000  67,000 
Animal Sales -- -- -- -- 200,000 -- -- 175,000 
Equipment Sales 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 
 

  4,000 
 

 Variable Costs        
Equipment Purchase  48,710 -- -- -- -- -- -- -- 
Animal Purchase 100,000 -- -- -- 100,000 -- -- -- 
Equipment Repair --  3,000  3,000  3,000   3,000  3,000  3,000   3,000 
Feed Grain, Salt   8,275  8,275  8,275  8,275   8,275  8,275  8,275   8,275 
Expected Loss Due to Animals Death 
(5% per year) 
 

 
  6,000 

 
 

 6,000 

 
 

 6,000 

 
 

 6,000 

 
 

  6,000 

 
 

 6,000 

 
 

 6,000 

 
 

  6,000 

 
-162,985 Expected Net Benefits   -525 16,225 32,975 149,725 49,725 49,725 228,725 

 

 

Internal Rate of Return = 20.7% 
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PEOPLE AND RESOURCES: A RESEARCH METHODOLOGY 
 

Ronald J. Krupicka 
Dennis L. Demmel 
Robert M. Aiken 

Martin D. Strange 
 
INTRODUCTION 
 

The relationship between people and the natural resources that 
sustain life determines to a great degree the extent to which self—
determination is possible. Individuals without resources or with very few 
resources are powerless and feel they have little control over their 
lives. Today agricultural research in the United States is proud of the 
technological advances which have increased national agricultural 
productivity and the efficiency of farm labor. However, we should ask who 
is benefiting and what will be gained if the control of basic food 
resources becomes so concentrated in a few hands that the majority of 
Americans are essentially dependent upon someone else's land and water 
resources? 

 
It has been the contention of the Center for Rural Affairs, a non-

profit rural advocacy organization formed in 1973 by Nebraskans concerned 
about the role of public policy in the decline of family farms and rural 
communities, that solutions to agricultural resource problems can best be 
developed from within the experience of the people working the land — the 
farmer and the farm family. The Center's first major effort to demonstrate 
this process ras launched in 1976 with the Small Farm Energy Project. The 
project began as a three—year research and demonstration effort involving 
the use of appropriate energy technology on 24 Nebraska farms. It was 
designed to improve the economic well—being of low—income farm families by 
helping cooperating farmers make better use of their human and natural 
resources. In the third year of the project, the cooperators consumed 13% 
less energy and spent on the average, $1, 138 less than a control group. 

 
Because the importance of public policy was recognized, a companion 

effort called the Small Farm Advocacy Project grew out of the Energy 
Project in 1978. The Energy Project's contribution has been more related 
to human attitudes and skills while the Advocacy Project has worked 
towards eliminating biases against small farmers in the administration of 
various programs and creating a climate of support for small farmers among 
policy makers. The tandem approach of working on—the—farm and addressing 
public policy issues has proven to be an effective technique for providing 
new policy perspectives in debates on 
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resource use, while at the same time demonstrating alternative practices 
that stand on their own merits. 

 
In 1981 the Center received Ford Foundation funding to complete a 

case study of the research decision—making environment in the Animal 
Science Department of the University of Nebraska. The study project was 
designed as a continuing dialogue between the Center, which has been 
critical of agricultural research generally because of its failure to 
address attention to the needs of farmers with limited resources and low 
incomes, and university scientists and officials in a prominent land grant 
university. 

 
Ford Foundation funds were also received in 1982 to involve 

University of Nebraska scientists in an agricultural research planning 
process. The object of this planning process was to establish the future 
direction of the Center's Small Farm Energy Project as a research and 
demonstration project addressing system—dependent resource use problems of 
U.S. commercial farmers with limited resources and low incomes. There were 
four major objectives to be met by this deliberate planning process. These 
objectives were to: 

 
1.) develop a research agenda which addresses system—dependent resource 
issues on commercial farms with limited resources in upper North Central 
states; 
 
2.) identify and describe methodology for the formulation of such research 
issues in other agronomic regions; 
 
3.) engage in the agricultural research community, especially in the 
University of Nebraska, in a planning process to accomplish objective # 1; 
 
4.) design a multi—year research and demonstration project (Small Farm 
Resources Project) incorporating a manageable portion of the agenda 
developed in objective #1 as a viable option for the future of the Small 
Farm Energy Project. 
 

To accomplish these objectives a five step planning process was 
utilized: 
 
I. Scope research areas 
 
II. Develop research propositions about how improved use of resources 

can improve economic well—being of small commercial farms 
 
III. Identify researchable issues within those propositions 
 
IV. Develop research and/or demonstration designs 
 
V. Design a prospective three to five—year research and demonstration 

project which reflects the results of Steps I—IV. 
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Upon completion of this process the Small Farm Resources Project was 
developed. It is a research/advocacy effort designed to involve farm 
families in the formulation of equitable resource policies as well as the 
adoption of appropriate alternatives by which they can regain more control 
of their farming operations.  
 
 
RESULTS OF THE PLANNING PROCESS  
 

This section is organized in a step-by-step format which closely 
reflects the planning process. However, in reality there were stages of 
evaluation and re-evaluation throughout the process. Material produced 
during one stage was later deemed to be inappropriate and was rejected for 
new material. Also, parts of some of the steps overlap one or more of the 
other steps making it difficult to understand one step without 
understanding the other steps.  

 
The main idea depicted is that each farm is different, making it 

important that farm families be actively involved in the research design. 
To implement such an approach requires a research methodology that 
emphasizes decision-making skill development, farmer-oriented research 
objectives, and practical applications of technology to the unique 
characteristics of each farm that uses it. As a result, much of what is 
reported for each step of the process are generalized abstractions which 
need to be implemented in a flexible manner to accommodate individual 
farms when the process is applied to specific on-farm research.  
 
I. Scope Research Areas  
 
 The criteria for evaluating proposed issues were:  
 
1.) Family Farm Viability  
 -What is the significance of the issue to family farming in the  
 western corn belt?  
 -How does it relate to constraints commonly experienced on family  
 farms?  
 -Does it promote expansion or non-owner operator farms versus  
 beginning or small commercial family farms?  
 -Does it apply to the majority of family farmers?  
 -What is the impact on farm income; does it address economic  
 opportunity and income?  
 -Does it encourage or discourage resource conservation?  
 -What is its impact on the farm community in the short term? Long  
 term?  
 
2.) Development Potential  
 -What is the short-term (one year) to mid-term (3-5 year) potential  
 for developing and demonstrating practical applications to  
 address the issue?  
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-How would this contribute to existing knowledge or demonstrated 
 applications?  
-Will it take too long to demonstrate the application?  
-How expensive will the demonstration be and what is the return on  
 investment?  

 
3.) Public Policy and Interest 
 -Does the issue raise policy questions and are they of widespread  

 importance? 
-Is the issue consistent with the public interest?  
-Does addressing this issue have the potential for providing 
practical contributions to public interest or public policy?  
-Does work on this issue duplicate or compliment the work of other 
institutions?  

 
4.) On-farm Research  

-Does on-farm, systems research have special advantages for this  
 issue?  
-What are the interdisciplinary requirements?  
-What are the research constraints?  
-Does the feasibility of innovations addressing this issue vary with  
 the size of a farming operation?  
-Is research underway to adopt such innovations to small farm 
operations?  

 
5.)  Staff Capacity and Technical Assistance  
 -Is staff capacity adequate to make contributions to this issue?  
 -If not, what resource people aro available?  
 -Is training and technical assistance readily available to this  
  project?  
 -Are other agencies willing and able to make contributions and  
  provide cooperation?  
 
6.)  Impact Measurability  
 -By addressing this issue is the impact on resource use,  income, and 
  public policy measurable?  
 -What methods must be developed for measuring success?  
 -Are other resources and agencies available for assisting with the  
  measurement?  
 

Through the process of assessing the system-dependent needs of 
farms, it has been determined that the various constraints of farms are 
uniquely site-specific. Each farm has a different set of constraints; in 
addition, these constraints are directly related to goals of the farm 
family, which differ from family to family. The identification of 
constraints on a small farm is applied and not abstract. However, when 
constraints on a farm are being identified it may be helpful to use a list 
of generalized constraints as a guide.  

 
The Small Farm Energy Project has analyzed farm activity records of 

48 cooperating farms from 1976 to 1979 inclusive, and generalizations  
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can be made regarding the types of constraints experienced by this 
particular group of farms. From this case study the following 
categorization was developed with examples of constraints that were 
identified within each category.  
 
1.) Institutional and Political  

-Lack of institutional consideration for small farm interests as 
 demand and emphasis shifts to larger scale (lack of small 
 equipment, utility prices Favoring high volume, etc.)  

 -Ag. research favors growth, expansion and consumerism (e.g.   
  livestock confinement)  

-Regulations reflect growth, expansion  and consumerism (e.g. milk 
 parlor regulations)  

 -Tenant/Landlord relationships 
 
2.) Social  
 -Family demands  
 -Resistance to change  
 -Tendency to follow social trends (tractor cabs, 4-W Drive pickup)  

-Motivations toward success, which is synonymous with expansion, 
 larger machinery, etc; whereas not being able to identify with 
 success may result in a poor personal image.  

 
3.)  Human  

-Personal goals  
 -Skills (welding, carpentry)  
 -Varied talents  
 -Labor time available  
 
4.)  Economic  
 -Limited capital  
 -Risk of economic loss  

-Pecuniary economics don't apply in either small farm purchases or 
 sales  

 -Low prices -Lack of markets  
 
5.)  Technical  
 -Lack of technical information on mall farms  
 -Technical problems not resolved (i.e. new inventions)  
 -Access to information  
 
6.)  Environmental  
 -Weather and climatic (moisture, temperature, length of season)  
 
 Several models exist for developing a farm resource audit which 
would take the farm's constraints into consideration. Conducting formal 
and informal audits of farm resources are common practices for government 
officials. Farmers complain about them continually. The audits are used to 
structure a working relationship with the farm (providing credit, 
implementing soil conservation measures, collecting  
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property taxes, etc.). Effective audits are designed to serve the purposes 
of the agency. Models to be utilized for the development of an audit will 
be based on the experience of the Small Farm Energy Project, a decade of 
anthropological studies on the farm management in Saskatchewan, Canada 
(Bennet, 1982), and farming systems research procedures developed in 
Mexico (Bycrlee et al., 1980) and Honduras (Hart, 1981).  
 
 

A farm resource audit useful for decision-making should generate 
improved farm management Strategies and propositions for on-farm research. 
The audit should be used as an explicit part of the research process, to 
pre-screen technological components, and to make contributions to 
agricultural policy and research priorities.  

 
Basic attributes of commercial small farms should be taken into 

account by effective audits. These farms operate in a context in natural 
and social systems that function at community and national levels. These 
systems interact and form subtle constraints to farm management. The farm 
is composed of household and enterprise elements which are connected by 
kinship bonds. Multiple goals must Co-exist within the farm system--and 
they are often in conflict. Enterprise development occurs over time and 
involves strategic adaptation to resource constraints--which is the 
essence of management.  

 
An audit that takes these attributes into account must be more than 

information on a standard survey form. Some questions should require 
family discussions and reflection on past experiences, decisions and 
endeavors. More than one visit to the farm will be necessary. The audit 
should include a walking tour of the farm and may involve participation in 
daily chores. The way management strategies are applied to available 
resources to serve the goals of the farm family should be clarified by the 
audit.  

 
Goals, resource systems, and management strategies are the potential 

for a farm resource audit.  
 
1.) Farm Family Goals: Major farm goals are assumed to be 

continuity, consumption, expansion and alternatives to agriculture. These 
goals are reflected in day-to-day activities and decisions that occur in 
household, enterprise, and social contexts. Documenting these activities 
and decisions in their historic context is considered an effective means 
of assessing goals. This process should also clarify roles of family 
members and also for redefinition of goals, as appropriate. The 
developmental history of the farm (establishment period, initial 
development and redevelopment phases, transition to successive operators, 
etc.) will be documented to give perspective to the goals statement.  

 
2.) Farm Resource Systems: The farm operates in a context of natural 

and social resource systems including land, nutrient, climate, energy, 
finance and family/community. These are diverse elements which  
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management must integrate to sustain a viable farming operation. The farm 
resource systems will be documented on a factual, informational basis. 
Resources (natural or social) can be perceived as constraints or 
opportunities to the farm family. The resources can be turned into assets 
or liabilities, depending on how they are used and how they relate to 
other components on the farm.  
 

3.) Farm Management Strategies Effective management strategies tend 
to optimize the interaction of farm resource systems to fulfill farm 
goals. The utility of farm resources depends on the management approach. 
Uncertainty about weather, markets, rising costs and irregular social 
demands pose risks that farm management must contend with. The need for 
resource stewardship is another important concern. The farmer's attitude 
towards risk and resource use--the willingness or reluctance to turn a 
resource constraint into an asset through farm innovation--is an important 
indicator of management style. Assessing the interaction of critical farm 
systems is another important indicator. An interpretation of farm 
management style will likely result from an informal process. A walking 
tour of the farm and participation in daily chores may help identify 
factors that shape the context within which management decisions are made.  

 
II. Develop Research Propositions About How Improved Use of Resources 
 Can Improve Economic Well-Being of Small Commercial Farms.  

 
The development of research propositions is a critical step in the 

research and demonstration process. Who develops the research propositions 
is important because the assumptions used in their development will help 
determine the appropriateness of the technology for small commercial 
farms.  

 
Two basic approaches were identified for developing research 

propositions. The first is research scientist derived propositions and the 
second is farmer derived propositions. A combination of these two 
approaches was selected as a research plan. The major difference is whose 
analysis of the farming systems on the farm is utilized in developing the 
proposition. The methodology of implementing the research would be 
identifica1 except for the point of entry for farmers and the degree of 
their involvement.  

 
Research propositions developed by the agricultural research 

scientist is the method most often used. Several propositions were 
developed by the Center for Rural Affairs staff in much the same manner 
used by research scientist. The propositions developed in this manner are 
referred to as Project Initiated Research (PIR). Examples of some PIR 
propositions that were developed are:  

 
-Improved handling of cattle manure can improve production through  
 water use efficiency and nutrient conservation.  
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—Water use efficiency can be improved by planting field wind breaks. 

 —The utilization of legume crops that do not reduce soil moisture to 
 critical levels can reduce other input costs. 

 —Providing farmers with low cost conservation tillage options can  
 conserve water resources. 

 —Improving soil and water conservation techniques can reduce input  
 costs, improve crop yields, and preserve soil resources for 

 

 —The development of cropping mixes and/or introduction of alter-
 native crops can reduce vulnerability to unpredictable weather  
 while at the same time maintaining adequate farm income. 

 —Small farmers can improve economic well—being under drought   
 conditions by exercising flexibility in livestock management. 

 

These research propositions were developed from the information 
gained by gathering and interpreting records from farmers who cooperated 
with the Small Farm Energy Project. In developing them discussions were 
held with agricultural scientists, farmers, advisors, and consultants. 
They were developed from a general analysis of typical farming systems in 
the region and reflect the type of small farm research that could be 
undertaken by agricultural research institutions. The major differences 
between the PIR propositions and those developed by agricultural 
scientists at research institutions is the values and biases on which they 
are based. 

An alternative to research propositions being developed by the 
agricultural scientist is having farmers develop research propositions. 
Propositions developed in this manner are referred to as Cooperator 
Initiated Research (CIR). A large part of this proposition development 
process is goal clarification prior to identifying the research 
propositions. This particular method of developing research propositions 
has received considerable attention by researchers involved in 
international agricultural development and has been called Farming Systems 
Research (FSR). 

 

FSR is defined as follows: 

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 socio-
economic constraints to agricultural welfare followed by 
collaboration of an 
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inter-disciplinary 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.  

 
 

In principal, this closely parallels the approach used in the Small 
Farm Energy Project. Proponents of FSR suggest that it is not 
methodologically rigid, that it is evolving as an approach to research, 
and that its strength lies largely in its versatility as a form of 
research that reaches across cultural barriers between the farmer and the 
researcher.  

 
Our observation of FSR is that it has been used for the most part as 

a means of accomplishing traditional agricultural research objectives more 
efficiently. It is particularly applauded as a way of improving the 
adoption rate for new technology by making it more appropriate to the user 
and to the context within which it will be used. Much of FSR research as 
it has been applied in the developing world nonetheless regards research 
as a form of social intervention in which the goals of the research 
process itself are assumed to be the improvement of productivity and 
income.  

 
Consequently, FSR continues to treat farming systems within the farm 

separately, though not necessarily in isolation. Much of the FSR work to 
date has centered on cropping systems, considering other systems (e.g., 
livestock systems, household systems) in the whole farm as independent 
variables which bear upon the principle research on cropping systems. As 
such, FSR is multi-disciplinary to the extent that specialists in non-
principle disciplines are involved as consultants to analyze cross-system 
constraints. Looking at the whole farm's systems and the interaction of 
resources within those systems has been less evident. The focus of the 
research remains on the technology, though it now places the technology in 
the context of the farm in a way far superior to that typical of commodity 
research.  

 
FSR's use in the United States has generally been limited to smaller 

than commercial sized farms or to part-time farms in the South and Hawaii. 
Its use on the small, commercial farms described above has lagged. We 
identify three reasons:  
 
1.) It has been assumed that the cultural barrier between researcher and 
farmer so prevalent in the developing world does not exist in the U.S.  
 
2.) The diversity of American agriculture, particularly its structural 
variations, makes the constituency for FSR unclear, and more important, 
makes the results of case studies difficult to generalize to definable 
populations (or 'recommendation domains' in the nomenclature of FSR).  
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3.) The private interests of small farmers, commercial or otherwise, and 
the public interest as interpreted by research institutions do not 
evidently coincide; FSR work directed at small farmers has to be justified 
as a social welfare remedy designed to mitigate the adverse effect of 
conventional research on small farmers. 
 

We perceive the potential of FSR and its purpose in U. S. 
agriculture differently. In U. S. agriculture, the methodological 
objective of FSR is not to reconcile the researcher and the farmer so that 
assumed goals of increased production and income are accomplished more 
efficiently. Rather, the potential of FSR in U. S. agriculture is to 
empower a disadvantaged and alienated sector of commercial agriculture 
which is resilient, skilled, and a strategically important part of our 
food system so that research serves its needs. FSR is a new means to 
define new ends, one which emphasizes equity as much as efficiency. 

 
To do so, FSR in the U. S. needs to be designed to accomplish three 

objectives not always associated with FSR in the developing world: 
 

1.) FSR should be designed as a decision-making process by which the 
small farm family identifies its own goals, defines barriers to their 
accomplishment, develops research objectives supportive of those goals, 
and participates in the design and implementation of such research. The 
research can be jointly managed between scientists and farmers, of course, 
but the research professional closest to the farmer should be a versatile 
non-disciplinarian whose role it is to provide access to the scientific 
community. Such an approach allows the rich scientific specialization of 
the land grant university system to be applied in "casserole" fashion to 
needs as defined by the small farmer. 

 
2.) In order to serve the farm family goals rather than assumed research 
objectives, FSR must consider the whole farm and all systems within it 
simultaneously, recognizing and acknowledging conflicting goals and either 
resolving the conflicts or selecting priorities. The objective is not to 
maximize output of one system, but to optimize the use of resources across 
all systems in order to accomplish family goals. 

 
3.) FSR should be regionally specific to small commercial farms in which 
the resources are agronomically and economically similar, and within such 
regions, FSR should be designed to provide generalized farm management 
results for farmers with similar socio-economic organization. For example, 
small commercial farms producing diversified crop and livestock products 
in the western cornbelt where land and buildings have alternative uses and 
climate is a principal constraint, is a suitable population to involve in 
FSR. Implied, however, are substantive problems in institutionalizing FSR 
within the land grant university research program, since such geo-cultural 
regions do not match state boundaries well. 
 

When CIR propositions are being developed the research design should 
accomplish these three objectives. 
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III. Identify Researchable Issues Within Those Propositions 
 

Family farms are complex with many different processes, both natural 
and social, influencing their operation. Historically, diversified 
agriculture was an attempt at maximizing the use of the available farm 
resources. Agricultural research has encouraged specialization. 
Specialization has occurred in part because of the complexity of the 
systems comprising a farm. Disciplines which analyze basic parts of the 
total farm system developed as a way of explaining and exploring the 
systems. Soon each discipline became system-specific resulting in closed-
system thinking, making it difficult for one discipline to talk to another 
discipline. 

 
There are an infinite number of methods which can be used to 

identify systems and their interrelationships. The following example 
illustrates one systematic approach that can be used to identify 
researchable issues. It is an interdisciplinary approach that forces 
researchers to take into consideration factors that are often overlooked 
when a single discipline is attempting to solve a problem. 

 
This example was selected to help in the identification of factors 

which shape the context within which system-dependent decisions are made. 
Some definitions and an illustration of how a farm system, in this case 
the nutrient system, can be analyzed are provided by Figure 1. 

 
The systematic approach used in this example is to view the farm as 

a living organism where the farm is made up of a number of different parts 
(farm systems), in much the same way the human organism and society are 
comprised of systems. See Figure 2. All of these systems interact to form 
various products such as grain, livestock, etc. A change in one system 
causes a change in the others, but all are needed for the farm to run 
smoothly. When something is done to one part of the farm it must be asked 
how does this impact the other parts. 

 
For example, a living organism has a digestive system which may be 

comparable to the farm's nutrient system. In this system, soil fertility 
is involved in crop production. The crops are used to feed beef cattle 
which in turn provide manure for the crops. The nitrogen cycle is included 
in this system along with the other nutrient cycles. Manure, microbes, 
minerals, and other components are resources within the nutrient system. 
There are many more interactions between systems in the production of beef 
and the relationships can be very complicated. When systems interact 
constraints often occur. How well the interacting systems are understood 
determines whether or not a constraint becomes an opportunity or a 
problem. 

 
There is a differentiation that can be made between natural and 

social systems. Natural systems, including natural cycles like nitrogen, 
carbon and water cycles occur in nature and seem to be more within the 
farm boundaries. See Figure 3. Social systems seem to tie the faro to the 
rest of society and tend to be on the exterior of the farm. The 
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social systems are more the result of discretionary acts of rational 
beings. See Figure 4. The key difference between natural and social 
systems may be the rational aspect. 

 
The list of systems and their related functions provide a 

comprehensive list that can be used to understand better the systems on a 
farm. As can be seen in Figure 5 the interaction between systems can 
become very complicated. However such a systems approach can be useful in 
identifying factors which shape the context within which system-dependent 
decisions are made. Such a process can also be useful in identifying and 
gathering useful information. 

 
There are many other methods of analyzing farm systems besides the 

living organism model (Bennet, 1982) (Hart, 1981) (CIMMYT, 1980). Other 
approaches might include cybernetics, ecology, Bio Dynamics, etc. The test 
of the model's appropriateness is the utility of the approach to analysis. 

 
Since the beginning of the Small Farm Energy Project in 1976, 

library and a vertical filing system were developed on appropriate 
technology. During the past seven years many additions have been made to 
this information system. Over the years information on many of the current 
technologies and their possible alternatives has been collected from 
articles, fliers, interviews, workshops, books etc. This is a constant 
process. These resources, as well as others, were utilized in the planning 
process to assist in focusing the project's work. Additional files were 
developed and additions were made to provide a clearer picture of the 
various technologies and their evolution. Prior to the development of the 
Project Initiated Research (PIR) propositions these sources of information 
were reviewed to assist in providing a better understanding of which 
propositions addressed the research areas that best fit the criteria and 
constraints identified in the planning process. 

 
A farm research "idea book" has been developed. During the process 

of inventorying the vertical files, library, and other information 
sources; information on appropriate alternatives was duplicated and 
included in a loose leaf binder. This information was organized by using 
dividers which were labeled using the headings of the potential research 
areas identified in Scoping the Research Areas of the planning process. 
Behind each of the dividers material was inserted that explained or 
depicted alternatives, many of which require additional research. Material 
is being added to the farm research “idea book” on a continuous basis. One 
of the intended uses of the farm research "idea book" is to stimulate a 
farmer's thoughts during the Cooperator Initiated Research (CIR) process 
when alternatives are being sought to address a particular concern or 
problem. 
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IV. Develop Research and/or Demonstration Designs 
 
The proposed methodological design consists of the following stages: 
 
1.) An audit of the resources (natural, economic, and social) at the 
disposal of the farm, and an analysis of the systems within which those 
resources function. Part of the audit is a goal clarification process for 
the farm family. 
 
2.) Identification of the constraints which limit the use of the farm's 
resources to accomplish its goals. 
 
3.) Develop propositions or plausible management strategies by which the 
use of resources might be improved. 
 
4.) Analysis of a proposition yields either recommended changes in farm 
management or researchable issue. 
 
5.) With the assistance of a research scientist the farmer will then 
design an innovation, broadly defined as any change in resource use, which 
will provide experimental data that evaluates the research issue. 
 
6.) Monitoring of the results and reaching conclusions based on field 
trials on farms is the final state of the research methodology, or from 
the farm family point of view, the decision-making process. 
 
 Four specific considerations are incorporated by this methodology 
that differ from how most agricultural research is presently conducted. 
 

1.) On-Farm Research: Under this research methodology it is not 
possible to separate research from extension because without an intimate 
extension connection applied research is not effective (Hildebrand, 1981). 
On-farm research is different from experiment station research in that the 
farm family is intensively involved and it recognizes that every farm is 
different. Instead of imposing a complicated and expensive state-of-the-
art technology to solve farm problems, technologies are developed 
beginning with where the farm's current situation stands. 

 
2.) Interdisciplinary Research: The interdisciplinary approach 

forces researchers to take into consideration factors that are often 
forgotten or overlooked when a single discipline is attempting to solve a 
problem. 

 
3.) Constraints Faced by Small Commercial Family Farms are Important 

Considerations: Conventional agricultural research fails to consider the 
importance of many of the constraints faced by small commercial family 
farms. The research conducted by experimental stations is most applicable 
to large scale commercial farms. Although this research is reported to be 
scale-neutral, a large portion is not applicable to the conditions found 
on small family farms. Large 
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commercial farms are largely business oriented and have different 
constraints from a small commercial family farm which is not only a 
business but is also a home, a source of food, and a way of life 
(Hildebrand, 1981). 
 

4.) Long Term Goals of the Farm Family Are the Parameters for 
Resource Use Decision—Making: Under this research approach, the goals 
established by the farm family would determine what resource issues are to 
be investigated. Under the agricultural experiment station approach the 
scientist assumes that research goals and objectives don't need to be 
determined by involving farm families in a meaningful planning process 
because of the researchers’ familiarity with the farm problem. Many of the 
agricultural researchers and extension agents came from farming 
backgrounds and as a result they assume their goals are the same as the 
farm families. In reality, what often happens is the politics of 
determining agricultural research policies is influenced to a greater 
degree by consumers and the interests of others rather than the farm 
family's needs. 

 
Specific potential roles and contributions to be performed by 

farmers, staff, and scientists in the research design are: 
 
1.) Farmer Role/Contribution: The on—farm research and demonstration 

design places emphasis on the active involvement of the farm family during 
each stage of the methodology from identifying research propositions to 
monitoring research experiments and sharing the results. In all instances 
the farm family will be responsible for making the final decisions. 

 
2.) Staff Role/Contribution: It is the staff's responsibility to 

implement the research and demonstration design. This does not mean to 
"talk" farm families into adopting particular innovations. Instead it is 
the staff's responsibility to organize, coordinate, administrate, etc. and 
throughout the process, above all else, make sure the research and 
demonstration process remains credible and sensitive to the concerns of 
the farm family. In addition the staff will serve as a buffer between 
cooperating farm families and a curious public and strong minded 
scientists. 

 
3.) Scientist Role/Contribution: Scientists will serve as resource 

people throughout the research and demonstration process. Individuals 
with particular areas of expertise will be utilized on an as needed basis 
from assisting in the development of a farm resource audit to 
interpreting the data gathered from individual experiments. 

 
Each of the above groups will be involved in the evaluation of the 

research design at its conclusion. 
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Since the inception of the Small Farm Energy Project in 1976 an on-
going process was initiated for identifying resource people with expertise 
in conventional and alternative agriculture. This process has continued up 
to the present and will be further developed in the future. 

 
This list of people has been organized in a loose leaf notebook 

entitled "Resource Contacts". The same organizing procedure used to 
develop the farm research idea book was used (dividers were labeled using 
the headings of the potential research areas). For each resource person 
listed the following information is included: 1.) Name and address 2.) 
Telephone number 3.) Expertise or experience. 

 
Besides individuals, various organizations working with agricultural 

issues have been identified for possible future assistance. In addition 
literature searches have been conducted and will be continued in the 
future. 

 
A number of different advisory committees will be utilized. Each 

committee will provide guidance to staff on project implementation. 
Committees are made up of Center for Rural Affairs Board of directors, 
scientists, and additional community members. Several advisory committees 
were utilized during the planning process. A more detailed account of 
these committees and their contributions is included in the description of 
the Planning Process beginning on the next page. 
 
V. Design a Prospective Three to Five-Year Research and Demonstration 
Project Which Reflects the Results of Steps I-IV. 
 

As the final step in the planning process, the Center developed a 
multi-year research and demonstration project called the People and 
Resources Program. It reflects an effort to integrate the Center's 
resource work into a fully developed program within the Center. The major 
emphasis of the project was to implement a system dependent farm resource 
research design which considered the appropriate use of all the resources 
within a group of small commercial family farms. The project developed a 
more refined and mature approach toward conducting agricultural research 
by recognizing the interrelatedness between resources. In conjunction with 
this effort, the Center proposed a full scale water policy effort 
analyzing how groundwater policy decisions affect social values and 
economic opportunity in agriculture. A draft copy of the People and 
Resources Program was circulated among Center for Rural Affairs board of 
directors, advisors, existing and potential funding sources, and friends. 

 
After receiving comments and suggestions on the draft proposal, the 

Center developed a second project titled the Water Policy and Practices 
Project. This project is similar to the People and Resources Program 
except that the focus of the resource work is on only one primary resource 
— Water. This project will integrate two usually disassociated program 
approaches: the investigation of water policy issues which 
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affect social and economic equities and the development of on—farm 
research which affects individual water use practices. In short, the 
project will ask what are alternatives to current consumptive uses (the 
practices part of the project) and should public policy consider who uses 
water and for what purposes as well as ways and means of saving it for its 
current use (the policy part). 

 
The project is designed with a three—year work plan. Funding is 

being requested from four private foundations. 
 
INSTITUTIONAL AND PUBLIC PARTICIPATION IN PLANNING PROCESS 

 
The previous section, RESULTS OF THE PLANNING PROCESS, reports on 

the results of identifying criteria for formulating research issues, 
developing a research agenda, and designing a prospective project (actions 
to meet Objectives 1, 2, and 4). This section reports on outside 
involvement in the planning process, specifically engaging the 
agricultural research community in the process (Objective #3). 

 
The Center was interested in involving as many individuals able to 

contribute to the process as possible. Finding the best way to involve 
people outside of your organization in a meaningful way is always a 
challenge in a planning process. The major participants in the process 
outside of the staff of the Center for Rural Affairs were the following: 
1.) agricultural research scientists from the University of Nebraska; 2.) 
cooperating farmers in the Small Farm Energy Project; 3.) representatives 
from local and regional USDA agencies and conservation districts; 4.) 
scientists involved with Farming Systems Research; and 5.) members of the 
Center for Rural Affairs board of directors. 

 
Each of these groups were involved in the process at different 

levels of intensity. One specific group the Center was interested in 
involving to a greater degree was agricultural researchers from the 
University of Nebraska-Lincoln (UN-L). Four research scientists from UN-L 
and one extension scientist from Iowa State University were invited to 
participate in the planning process. All invited scientists attended the 
initial meeting in this process even though it was held at the main office 
of the Center for Rural Affairs which is located over 100 miles from UN-L. 
This by itself indicated the interest and the seriousness the university 
took in what the Center was proposing. At the invitation of the 
scientists', subsequent meetings were held at the university. Throughout 
the process the scientists were kept informed and at each of the meetings 
they provided constructive and useful input. The process ended with each 
member reviewing the draft proposal and agreeing to serve on a University 
Interpretation Committee which would interpret the project's findings as 
to how the university could develop their own policy and program for small 
farm research in light of UN-L institutional constraints. 
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Summary 
 

The purpose of the planning process was to develop a research 
methodology which could be used to identify and investigate system 
dependent resource issues for small commercial farmers with limited 
resources and low income in the U.S. Midwest. Findings developed by use of 
this methodology will be used to provide new policy perspectives in 
debates on resource use to elevate the discussion to include the 
consideration of equity questions. 

 
A five step planning process was utilized: 

 
I. Scoping Research Areas, 

II. Develop Research Propositions About Ho Improved Use of 
Resource Can Improve Economic Well-Being of Small Commercial 
Farms, 

III. Identify Researchable Issues Within Those Propositions, 
IV. Develop Research and/or Demonstration Designs, 
V. Design a Prospective Three to Five-Year Research and 

Demonstration Project Which Reflects the Results of Steps I-
IV. 

 
The research methodology developed by use of this process utilizes a 
combination of two approaches for developing research propositions: 
Project Initiated Research (PIR) and Cooperator Initiated Research (CIR). 
This research methodology is presently being implemented by focusing on 
one primary resource — water. A three year research effort called the 
Water Policy and Practices Project was initiated July 1, 1983 with funding 
from four private foundations. 
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Figure 1. Illustrations of Systems 
 
A SYSTEM is a series of processes and cycles in which resources interact 
for a common purpose. 

 
Example: 

 
 

SYSTEM INTERACTIONS. Optimizing the interaction of systems is an 
objective of management in producing products. In the example below, the 
nutrient system that provides feed for beef interacts with the economic 
system where fertilizer nutrients are expensive.  
 
PRODUCTS are the result of the orchestrated interaction of systems in 
which constraints are minimized or overcome. In the example below, the 
product of the interaction of systems is beef. Manure is a resource 
within the system of nutrients. 
 
CONSTRAINTS are limitations on production that comprise the impositions of 
one system on another as they interact. In the example below, costly 
fertilizer inputs represent one constraint between the economic and 
nutrient system. 
 

Example: 
 
 

NUTRIENT 
SYSTEM 

CON- 
STRAINTS 

ECONOMIC 
SYSTEM 

 Constraints: 
  -Costly fertilizer 
   inputs 
  -Poor manure 
   handling system 
Product: 
  -Costly beef 
 
(Products and constraints 
are on different farms.) 

  

PRODUCT 
Beef 

  

 
PROPOSITIONS are rational suggestions for changes in behavior, 
technology, management, or practices which will enhance the production 
relationship between two or more systems and minimize the constraints. A 
proposition for the above illustration could be that improved manure 
handling is a method of reducing fertility costs, a hypothesis. 
 
RESEARCHABLE ISSUES are specific research areas or disciplines to evaluate 
the proposition. For the above case, composting is a research area, one 
method of manure handling recognized as an improved method. Further 
research is needed to evaluate its merit. 
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Figure 2. Farm Systems 
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Figure 3. Natural Systems 
 
ANATOMY ANALOGY NATURAL SYSTEM FUNCTION 
 
NERVOUS 

 
Management 

 
Management & Integration of 
systems to minimize constraints 
& optimize product. 
 

SKIN Landscape Protection of fragile components 
from the elements by use of 
shelterbelts, terraces, 
covercrops, etc. 
 

SKELETAL Structural Structural support to other 
systems by land, facilities, 
fences, etc. 
 

MUSCULAR Power & Mechanical Physical Operations like 
transport, flow, etc. 
 

DIGESTIVE Nutrient Conversion of Resources, i.e. 
soil and feed nutrients as 
in crop & livestock operation. 
 

CIRCULATORY Hydrological Distribution of nutrients by 
rain & ground water 
 

RESPIRATORY Natural Energy Conversion of Energy as in 
photosynthesis 
 

EXCRETORY Exit Outlets for material like 
products, nutrients, soil 
and water through markets, 
erosion, etc. 
 

REPRODUCTIVE Genetics Propagation such as crops and 
livestock 
 

HORMONAL Regulatory Regulation of natural systems 
as in health, soil balance, 
genetics, etc. 
 

PSYCHOLOGICAL Climatic Determines operating conditions 
for other systems 
 

IMMUNITY Health Resistance to illness 
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Figure 4. Social Systems 
 
 
ANATOMY ANALOGY SOCIAL SYSTEM FUNCTION 
 
NERVOUS 

 
Communications 

 
Management & Integration 
of systems 
 

SKIN Government Protection of fragile 
components like individuals, 
environment, etc. 
 

SKELETAL Cultural Structural Support & framework 
for other systems including 
religion, family, etc. 
 

MUSCULAR Industrial & Power Physical Operations like 
manufacturing 
 

DIGESTIVE Consumption Conversion of resources such 
as industrial and other 
products 
 

CIRCULATORY Transportation Distribution of resources 
 

RESPIRATORY Utilities & Employment Conversion of Energy from 
humans and fuel 
 

EXCRETORY Out-migration Outlets for materials and 
individuals 
 

REPRODUCTIVE Education Propagation of social systems 
 

HORMONAL Economic & Legal Regulation of social systems 
 

PSYCHOLOGICAL Political Determining of operating 
conditions for other systems 
 

IMMUNITY Health Resistance to deterioration 
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   Figure #5.  System Interactions Cedar Co.  
      Hog & Dairy Farm – 1978 
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PROJECT DESIGN FOR MIXED 
FARMING SYSTEMS IN NORTHEAST THAILAND 

 
 

James R. Simpson 
John De Boer 

 
 

Relatively little attention has been given to the use of the farming 
systems research and extension (FSR/E) approach for improvement of animal 
agriculture. One reason is the complexity of animal production at the 
smallholder level as compared with crop agriculture. This is because, in 
addition to the agronomic, economic and social aspects confronted in crop 
agriculture, there are a wide variety of other quite technical animal 
related subject matter areas which must at least be considered such as 
breeding, nutrition, health, and marketing. Further— more, the range of 
agronomic related problems are vastly widened as consideration may have to 
be given to other management concerns such as forage production, grazing 
land utilization, feed storage, and use of animals for draft power or 
manure by—products not to mention animals as a means of savings or for 
smoothing out annual cash flows. 

 
Few people possess adequate training, experience, and sufficient 

appreciation of the multifaceted dimensions of animal agriculture, 
especially in smallholder situations, to design appropriate projects even 
with consultation from technical specialists. Consequently, design of 
animal agriculture projects calls for rather large teams of quite diverse 
specialists. One such effort for Northeast Thailand is now delineated. 
Major emphasis is placed describing the role of a multidisciplinary team, 
the type of constraints identified and their place in identification of 
researchable problems, and determination of methods by which farmer 
participation could effectively be utilized in on—farm experimentation and 
technology assessment. Additional attention is given to the use of 
financial and economic analysis in FSR/E project identification when there 
are few cash inputs or outputs. 
 
PROBLEM AND TEAM MAKEUP 
 

About 95 percent of the arable land in Northeast Thailand is 
rainfed, monsoonal, and thus typical of an agriculture highly dependent on 
the vagaries of nature. In addition, farming units are very small, use 
almost no purchased inputs, and depend heavily on their own rice 
production as a staple food. Water buffalo and, to a lesser extent cattle, 
are an omnipresent and a well—recognized part of the agricultural system 
as they provide virtually all the draft power and much of the transport 
power. Closer observation reveals that most households also have some 
combination of poultry and swine. Thus, animals are an important part of 
Northeast Thailand's rainfed agricultural complex, and design of rural 
development projects necessarily must take them into account.
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 The United States Agency for International Development (USAID), in 
response to the stated objective of the 1982-1986 Five Year Plan of the 
Royal Thai Government which is "to reduce absolute poverty and accelerate 
rural development in backward areas, " decided to design a large scale 
integrated program for Northeast agriculture. The design phase of this 
project, titled the Rainfed Agricultural Intensification Project or RAI 
(which conveniently is also the measure €or land in which 2 5 rai equal 1 
hectare), included seven subprojects of which livestock was one. 

 
USAID, recognizing the livestock component's technical complexity, 

deep cultural considerations, and the need for viewing livestock in a 
holistic manner, emphasized exploration of farming systems as an approach 
in both the design and project phases. This led to the following team 
makeup: 

 
Number Subject Matter Specially Nationality 

 
1 

 
Livestock Marketing Economist and 
Team Leader 

 
American 

2 Veterinarians 1-Thai and 1-American 
1 Animal Breeder Thai 
2 General Animal Husbandry 1-Thai and 1-American 
1 Anthropologist Thai 
1 Livestock Production Economist American 

 
 

Prior to beginning description of the area, analytical procedure, 
approach, and use of FSR/E, it is useful to point out that this project 
design effort was a success because of the team makeup. Half of the team 
were Thai's, several of whom had wide experience in working with small 
farmers in the area. One was a senior officer with the Department of 
Livestock Development (DOLD) in the Ministry of Agriculture and was 
released to work on the project. Inclusion of Thai's, released to work 
full time, and all (except the Ministry of Agriculture official) funded by 
USAID, leads to our firm belief that success in an endeavor like this 
depends on having some of the appropriate team members from the host 
country. We stress that all were team members; there were no counterparts. 
Included is recognization that having a large team was a great help in 
overcoming the typical personality problems which can arise when team 
members are matched on a one-to-one basis. Each person on this very 
diverse multi-disciplinary team also benefited by having considerable 
contact with all members the team. Furthermore, thanks to the great 
efforts of the Thai's, an extremely supportive USAID and DOLD, a work 
atmosphere was created which was conducive to solid generation of ideas 
and realistic appraisal of them. We now turn to a description of the 
situation surrounding the project area to determine national level and 
project area constraints and stimuli relevant to project identification 
and development. 
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THAILAND AND ITS LIVESTOCK INDUSTRY 
 

Thailand's agricultural sector has displayed as much real growth as 
virtually any country in the world. In this relatively large Southeast 
Asian country of 48 million people, about 75 percent of the population 
reside in the agricultural sector. Land is intensively utilized with about 
35 percent in arable agriculture. But, because there is little new land 
that can be put under cultivation, growth rate of production is expected 
to decline in the next decade. This is an important factor to be 
considered as it means livestock projects must be based on intensifying 
both animal and agricultural production. 

 
Another major consideration is potential demand for livestock 

products produced by small farmers and competition from large scale 
producers. On the demand side, a principal factor in Thailand's rapid 
agricultural growth has been availability of export markets, although 
agriculture's share of exports declined from 91 percent in 1960, to 58 
percent in 1980 as the country moved toward greater industrialization. A 
further striking trend is greater diversification of agricultural exports 
away from rice and rubber (2/3 of total agriculture exports in 1966), to 
now include corn, cassava, sugar and a variety of other more minor 
commodities. An important point here is that, contrary to many developing 
countries, Thailand is a major exporter of basic agricultural commodities, 
many of which are important components in animal feed- stuffs. 

 
The availability of abundant animal feedstuffs has led to a parallel 

construction of animal feed mills and, along with that, development of 
very modern, extensive, commercial, poultry and swine industries based on 
large scale well-managed operations. As a result, Thailand has become a 
major exporter of broilers, and expansion of the two industries, most of 
whose operations are located in the vicinity of Bangkok, is limited only 
by market size restrictions. It should be noted that swine and poultry 
technology is relatively easy to transfer. This has led to rapid growth of 
modern animal production units in Thailand or other LDC's. Constraints are 
purchasing power, tastes and preferences, feed availability, market size, 
and government policy. 

 
Thailand was once a relatively large exporter of live pigs and water 

buffalo. Today, there is virtually no export of live animals and, in fact, 
Thailand is a net importer of beef and veal partially because government 
policy has discouraged modernization of the cattle and buffalo marketing 
system, and partially because about 60 percent of Thailand's large animal 
inventory is water buffalo, which are mainly kept for draft power rather 
than as meat animals. 

 
Analysis of the export meat market potential indicates virtually no 

potential for beef or pork, and a probable decline in demand for poultry. 
Internally, there is likelihood of a steady, but slow, growth in both per 
capita and total consumption of these commodities as both economic growth 
and population growth (now just 1.8 percent) decline. 
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Per capita consumption is now 5.0 kg annually of pork, 4.5 kg of beef and 
buffalo meat, and 3.2 kg of poultry. As a comparison, the world average is 
12.5 kg, 10.6 kg and 6.6 kg for these meats respectively. 

 
In contrast to the commercial operations which dominate Thailand's 

poultry industry, the backyard units found on small farms are as primitive 
as any in the world. Breeds are predominantly the domesticated jungle fowl 
found all over Southeast Asia. Swine production is also dualistic, but the 
progression toward dominance by large—scale commercial units has been 
slower than for poultry, and 70 to 80 percent of the pork produced in the 
country is still by smallholders. 

 
There is very little commercial production of calves or slaughter 

cattle, so for smallholders at least, little opportunity exists in that 
area. There is some potential for fluid milk production, but expansion of 
this industry is severely limited by government policy of low tariffs on 
imports of powdered milk, a commodity which is produced in exporting 
countries under heavy subsidy. If powdered milk imports were restricted 
by changing policy to promote domestic production, it is likely that most 
milk would be produced by large commercial operations as the technology 
and management, just as in poultry production, is easy to transfer. This 
translates to only minimal opportunity for dairy. 

 
There is almost no potential for a project aimed at expanding goat, 

sheep or rabbit production since meat from these animals simply is not a 
major part of the Thai diet. Ducks, geese and other more minor species 
such as crocodiles are raised commercially and little potential thus 
exists in this area for smallholders. 

 
Analysis of market potential, especially as it translates to 

producer level commodity prices, has been expounded upon here because it 
is one of the most important factors to consider in designing livestock 
projects. This is because animals on small farms, probably to a greater 
extent than crops, are raised either for direct sale or as a store of 
wealth for eventual sale. Thus, a realistic appraisal of market potential 
and its implications as either a constraint or stimulating mechanism to 
FSR/E projects must be made. The above analysis of livestock consumption 
production and feedstuffs availability provides not only an introduction, 
but also sets forth some clear constraints and parameters about potential 
projects. We now move to the project development region. 

 
NORTHEAST THAILAND--THE PROJECT SETTING 

 
The region known as the Northeast, with 170 thousand square 

kilometers comprises about one—third of all Thailand. Bounded by Laos on 
the north and east, Kampuchea on the South, and the Thai zones known as 
the north and central regions on the southwest and west, the Northeast is 
the poorest of all zones in terms of natural resources and per capita 
income. It also is the most populous (93 people per sq. km), has the 
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highest rate of fertility, mortality and out—migration. About 85 per- cent 
of the population live in rural areas and many have only minimal access to 
government provided services. All of these factors make it Thailand's most 
strategic area for economic and demographic development. 

 
There is only minimal use of irrigation in the northeast and little 

potential for much further development of it due to geographic conditions 
and lack of water. Consequently, the region, and its practices, are based 
on rainfed agriculture. Because there are very definite dry and wet 
seasons, farmers generally just monocrop, whether it be ones like rice 
which is predominant in lowland areas, or upland crops such as cassava, 
corn, kenaf or vegetables. Because yields are highly variable, production 
units small, and most people located at considerable distance from large 
urban areas, there is little use of machinery and restricted potential for 
adoption of capital intensive methods. 

 
The typical northeastern village has clustered homesites surrounded 

by fields. The average family only farms about 1 hectare, with most of 
that being glutinous rice for the family's own consumption. Only a few 
households have vegetable gardens. There are no public markets in the 
villages, but most families have access to a small store where household 
necessities are sold. Many villagers still make their own utensils out of 
bamboo and rattan, weave some of their own clothes, and sell craft items 
such as silk cloth. The major source of supplementary income is from off—
season jobs in the Bangkok area. 

 
The nuclear family of six household members will have four members 

engaged in agriculture. The traditional family system emphasizes both 
matrilocality and matrilineality. Consequently, women are a predominant 
force in control of all property in virtually all activities. Division of 
labor between sexes is relatively minimal, and most important household 
related decisions are shared by both husband and wife. Almost every adult 
person in the rural Northeast has completed primary school (4 years) and, 
even though considerably more emphasis is being placed on advanced 
education than just a few years ago, only 10 percent have studied beyond 
the first four years. That situation is changing rapidly since a law was 
promulgated in 1977 which requires at least 6 years of study. 

 
The big picture is of an area which, while characterized by very low 

per capita incomes, an extremely high percentage of the population in 
rather isolated rural areas, harsh climatic conditions, and rudimentary 
agriculture, is caught up in an era of rapid change. Twenty years ago the 
region was isolated from the capital city; today there is a fairly well 
developed transportation infrastructure, rapid economic growth, 
considerable interaction with other regions by a broad base of the 
population, and a general atmosphere that development, however that may be 
defined, is desirable and sought after. 



490 
 

LIVESTOCK IN THE NORTHEAST 
 
There is substantial fluctuation in both terrain and monsoonal 

rainfall in the Northeast. Consequently, considerable variation is 
observed between livestock systems and animal husbandry practices. This is 
also true within villages as there is a wide range in wealth between 
households, knowledge about husbandry methods, labor availability, and 
access to feedstuffs and other inputs. The objective in presenting the 
following description of poultry, swine and bovine production methods is 
to provide sufficient information so the reader will be led to form some 
conclusions about the appropriate livestock projects. The actual projects 
identified are outlined later. 
 
Poultry Production 

 
About 80—90 percent of Northeast households have chickens, ranging 

from 5 to 50 birds per household. Almost all are raised in a primitive 
backyard system in which they roam freely looking for feeds such as 
fallen rice grains, worms and insects, table scraps, as well as local 
weeds and grasses. Sometimes they may be fed small amounts of broken rice 
or rice bran, especially if chickens or eggs are intended for sale. One 
of the popular feeding places for chickens is the cattle or pig pen. 

 
Medical treatment or vaccination against disease is rarely practiced 

by villagers and, as a result, there is high mortality (50—70 percent 
death loss annually) due to infectious diseases such as fowl cholera, 
newcastle disease, fowl pox, infectious bronchitis, etc. Low productivity 
is due to the management practices described and, while productivity can 
be improved considerably from a technical point of view, in practice there 
is little that can be done since it would require confinement raising—and 
that involves an additional outlay in labor and cash which would not be 
rewarded in the market place since (a) large scale producers can produce 
broilers at a much lower cost and (b) local market tastes and preferences 
are for large, older, tough birds.  

 
Swine Production 
 

About 22—25 percent of Thailand's total swine population is found in 
the Northeast. Approximately 26 percent of all farms raise pigs, of which 
85 percent have 1—4 head. Another 14 percent have 5—19 pigs. Production, 
which falls into two general systems, weaner pigs and fattening 
operations, has traditionally been associated with rice production as rice 
bran and broken rice, feedstuffs usually purchased from the village 
miller, are fed to a limited extent as a supplement. The main feeds are 
locally available weeds and crop wastes such as water hyacinth, morning 
glory, banana stems, grasses, sweet potato vines and tubers, papaya leaves 
or fruits, etc. In some areas pigs are allowed to scavenge around the 
household, or in cropping areas near the villages during the day, and then 
given supplemental feeds in the evening. Sows are usually fed twice a day. 
Weaner pigs may be provided a pig starter 
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ration when the final market price is attractive, but most small farmers 
do not purchase any commercial feeds for either growing or breeding 
animals. Pigs raised by smallholders are mainly crossbreds of Large White, 
Landrace, and Durac Jersey which were introduced about 20 years ago and 
crossed on the indigenous breeds. 
 

Overall, production of non-ruminants in the small farm subsector is 
one of raising pigs as well as chickens with virtually no cash outlay. Pig 
housing, for example, is usually made of locally available materials or, 
more commonly, they are simply kept in a pen under the house. Sows are 
usually tied by a cord from their necks to a tree or house post and kept 
on a dirt floor. Feed troughs are made of wood, split car tires or old 
utensils. Village pigs are usually not even vaccinated against the most 
common infectious diseases nor are they treated for parasites. Fattening 
of barrows or gilts in villages is considered by most farmers as a means 
of savings. 
 
Water Buffalo and Cattle 

 
Almost 65 percent of Thailand's water buffalo are found in the 

Northeast, while more than 40 percent of the nation's cattle are produced 
in this region. About three-fourths of all farms raise some buffalo, while 
about one-fifth of them have at least one head of cattle. In many 
villages, almost every household has some buffalo and/or cattle while in 
others only a few have cattle. Among households with buffalo, about 82 
percent had 1 to 4 head in the late 1970s while 18 percent had 5 to 19 
head. Hence, it can be said that practically all buffalo are in the hands 
of smallholders. In terms of cattle production, around 70 percent of 
farmers who own them have 1 to 4 head, while about 28 percent have 5 to 19 
head. Thus, over 90 percent of cattle owners are small- holders. However, 
it should be noted that a larger percentage (28 percent) of cattle raisers 
have larger herds of animals (5-19 head) as compared to buffalo raisers 
(18 percent). 

 
Land cultivation in Northeast villages depends almost entirely on 

buffalo power. More than 60 percent of all village buffalo, or virtually 
all mature animals of both sexes, are trained and utilized for draft 
purposes. This practice is quite suitable economically and socially since 
most farmers live in remote areas and own only small parcels of land, 
while family labor is generally available whenever needed. Buffalo and 
cattle production is not regarded as a distinct enterprise; rather, it is 
an integral part of the crop production system and many characteristics of 
these systems are reflected in the patterns of bovine use and production. 
In addition to providing the main source of draft power to crop farming in 
the Northeast, cattle and buffalo also represent a means of long-term 
savings as well as security for farmers in case of crop failure. 

 
Northeast farmers usually set aside small plots of land for buffalo 

and cattle grazing to supplement other sources of grazing areas available 
in the village such as paddy fields, scrub forests on upland areas, 
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highway shoulders, rice bunds, communal grazing lands, etc. In general, 
buffalo and cattle depend mainly on rice straw and stubble, while other 
crops residues such as corn stalks, cassava and kenaf leaves also pro- 
vide a substantial proportion of roughage intake, especially during the 
dry season. Bovine breeding stock are generally produced in the 
individual's own herd with only infrequent purchases of breeding stock 
from outside sources. An exception would be farmer efforts at improving 
their livestock's genetic base. 

 
From December through February, i.e., the post-harvest season, all 

buffalo and cattle are allowed to graze in the paddy fields where breeding 
will also take place. During March through May (the dry season), feed in 
the paddy fields becomes so scarce that some farmers have to graze their 
buffalo and cattle in upland scrub forests, on highway shoulders, etc. At 
this time they supplement them with rice straw or other green fodder when 
animals return home in the evening. 

 
May to November, is the major cropping season when paddy fields are 

all-under rice and the upland areas are planted to crops such as kenaf, 
sugarcane, groundnuts, corn, and minor crops. During this period, animals 
are grazed in fallow fields and wasteland. They are also occasionally tied 
around the household and fed with rice straw. Some farmers may cut-and 
carry green grasses from upland crop areas or backyard fields for their 
buffalo and cattle. No concentrate or mineral supplements are given to 
them. There are virtually no cash inputs used and most tending is done by 
family labor. Animals are usually kept under the house during the night 
where they are relatively secure from thieves. 

 
Buffalo breeding generally takes place through random natural 

mating with no color discrimination. Artificial insemination in buffalo 
has been offered by government only since the late 1970s, and then only 
in limited areas. Within-breed breeding is commonly practiced in buffalo, 
with limited interest for crossbreeding with Murrah buffalo (milk type). 
Some farmers complain about the difficulty in handling crossbred buffalo 
at work, but this could be attributed to training of them. 

 
Most of the Northeast's 1.7 million cattle are still the Thai 

indigenous breed even though Brahman crossbreds can be found in many 
areas due to the introduction of Brahman bulls into villages by the 
Ministry of Agriculture's Department of Livestock Development (DOLD) 
during the last 30 years. The Brahman crossbreds adapt well under village 
conditions, are quite well accepted by villagers, and some farmers even 
raise high grade or even purebred Brahmans. Brahman and crossbred cattle 
command a much higher price than that paid for buffalo or indigenous 
cattle. 

 
Production of crossbred calves is either through natural mating via 

the DOLD's cattle bull loan program, by using privately owned bulls, or 
through the artificial insemination (A. 1.) service offered by the DOLD. 
However, A. I. service is generally limited to farmers who live near the 
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A.I. stations or within a 20 km radius from the 80 Livestock Development 
Centers (LDC's). The demand for Brahman bulls by farmers continues to be 
high in the Northeast and throughout the country as a whole. During the 
last 3 to 4 years farmers have become increasingly interested in crossing 
Brahman crossbred cows to Holstein—Fresians, (with frozen semen) in order 
to produce crossbred dairy heifers to be sold at a government guaranteed 
price. 

 
About 30 percent of the total cattle herd is for working i.e. draft. 

Cattle bullocks are generally preferred for cartage because they move at a 
faster speed as compared to buffalo. Villagers generally select the 
largest animals, both cattle and buffalo, to be castrated for work, since 
the castrated animals will become tamer, easier to handle, and stronger 
for work. The unfortunate result is a negative selection with continual 
downward pressure on size and performance. 

 
Health care for buffalo and cattle is quite minimal. Some of them 

may be vaccinated against certain infectious diseases, but most are not. 
Farmers usually have little interest in bovine vaccination, except after a 
disease outbreak takes place. One common infectious disease in bovine 
animals is foot—and—mouth disease of Types A, O, and Asia—I while 
hemorhagic septicemia is very serious in buffalo. Anthrax in both buffalo 
and cattle is common, but only a small percentage of village cows are 
found to be positive for brucellosis. Internal parasites such as 
strongeloides and neoascaris are also commonly found in both buffalo and 
cattle. In general, farmers do not buy any medicine to treat sick animals, 
preferring to use traditional curing methods practiced since ancestral 
times. Some herbs and medicinal plants are also available in villages, but 
there is some question about their effectiveness. 

 
CONCLUSIONS ABOUT LIVESTOCK PRODUCTION 
 

An analysis of livestock production systems found in Thailand, and 
the Northeast in particular, indicates that all of them are rudimentary. 
Animals are raised in a manner involving the least use of cash inputs, a 
practice which results in animal husbandry management usually well below 
the social economic optimum, i.e., the point where marginal cost equals 
marginal revenue. But, the practices are perfectly rational from the 
villager's viewpoint, one which prioritizes risk aversion. Thus, the human 
factor is probably the greatest constraint, with technical factors 
subservient to it. One reason why Northeast farmers act as risk minimizers 
is holdings are continually decreasing in size and grazing lands for 
bovines becoming scarcer. Also, communal lands are constantly overgrazed 
to the point that land and forage program are virtually impossible to 
instigate. 

 
The constraints to animal production in the Northeast run the gamut 

from feeding to management and health to government policies. Animals grow 
and thrive because they are hardy. In a word, they survive because of 
their adaptability and not because of good or even moderate 
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management practices, at least in an advanced husbandry sense. This is not 
to say that animals are not well taken care of—-they are-—but within the 
context of constraints imposed by village conditions on their owners. The 
net result is chronically low biological productivity due to disease, 
drought, and economic constraints. 

 
It is concluded that village chicken producers cannot compete with 

large—scale egg and broiler operations even though there are specialized 
premium price local markets for native chickens. Consequently, with the 
exception of improving animal health and providing information about 
improved management, little can be done to stimulate production of 
poultry in the small farm subsector. 

 
Commercial swine production in Thailand is equally as modern and 

efficient as commercial poultry operations. Thus, even though improved 
crossbred hogs are commonly found in villages and, even though their 
feeding and management may not be equal to that on large farms, they do 
utilize local agricultural by—products, and produce feeder pigs for larger 
farms. If small size producers have sufficient feed, they use it to grow 
weaners to market size. As a result, Thailand easily meets domestic demand 
for pork so that any substantial increase in production would result in 
economic loss to producers through lower prices unless export markets can 
be developed, and this is not likely; Consequently, as in the case of 
poultry, technical assistance and farming/animal systems research and 
extension efforts appear to be best channeled through animal health and 
management improvement programs. 

 
Cattle and buffalo are a source of food and power as well as being a 

form of savings for farm families. Considering this, and recognizing that 
about 77 percent of Northeast farmers own buffalo and about 25 percent 
have cattle, projects could, and should, focus heavily on bovines. Because 
farmers in rainfed areas of the Northeast could benefit from improved 
breeding stock, animal health services, and better forage for animals 
(forage crops also fit into farming systems), FSR/E projects could 
concentrate on these areas. In addition, they nicely complement efforts in 
soil conservation efforts and improved marketing. 

 
Analysis of Northeast farmers' source oriented needs by a systems 

approach indicates they would benefit most from improving their calf 
production operations, and to a limited extent producing dairy cross 
heifers for dairy farms around Bangkok. There is also some potential for 
them to grow—out beef breed calves for sale as breeding stock, and/or 
fatten them to slaughter weights. Also, as commercial feedlots develop in 
areas of agricultural waste products, small farmers can supply feeder 
cattle and buffalo calves or yearlings to these operations. 
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INSTITUTIONAL ARRANGEMENTS AND PAST PROJECTS 
 
Livestock project design and implementation in any situation is 

aimed at first determining the areas in which programs are needed, and 
have an economic justification. Then, and essentially simultaneously with 
outlining subprojects, is the how part, one which combines an analysis of 
the institutions through which the project will be implemented along with 
a review of past and on—going efforts by both donor and host country 
agencies. The purpose of the next few sections is providing an overview of 
these two "how" components in the Thailand project. Following this is a 
description of the actual projects proposed, justification for them, and 
principles learned which might well be taken into account in other 
country's livestock projects. 

 
The major domestic actor is the DOLD in the Ministry of Agriculture 

and Cooperatives which has all encompassing responsibilities in matters of 
animal agriculture, from vaccine production to livestock improvement 
programs. Field work on some 40 stations throughout the county is directed 
by the technical division (one of 4) in Bangkok. There is one regional 
office in the Northeast, but its functions are mainly inspection and 
reporting. DOLD is characterized by strong top—down coordination and 
direction. 

 
There are a few other institutions working on livestock problems 

such as The Faculty of Agriculture at Khon Kaen University, located near 
the provincial capital city of Khon Kaen, the National Security Command 
(NSC) which directs livestock extension activities in several politically 
sensitive border areas, and some projects coordinated by institutions such 
as Kasetsart University. 

 
DOLD has had a long history of cooperation with external donors, 

research and development agencies, and foreign governments on livestock 
research and development projects. The World Rank funded the longest 
project, which ended June, 1982. This project (called the Northeast 
Livestock Development Project (NELDP)) had as its main objective promotion 
of cattle and buffalo production in the Northeast. It also brought about 
an organizational change in the DOLD by establishing 16 livestock 
development units (LDU's) which serve as area coordinating organizations 
for 80 livestock development centers (LDC's). This project has provided 
what could be considered the last necessary links in establishment of a 
complete institutional infrastructure in the livestock subsector, although 
some of the remote areas are not yet served. 

 
A variety of other projects have either been carried out, are in 

process, or are projected by a number of other external agencies such as 
UNDP/FAO, The Government of New Zealand, UCAID, The Asian Development 
Bank, The Rockefeller Foundation, The Federal Republic of Germany, and The 
Government of Japan. The principle here is that considerable investigation 
was needed by the team to assure complementarity of effort and to avoid 
duplication of the rather large number of other group's efforts. 
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PROJECT DESIGN 
 
The overall strategy adopted by the team was one of assisting 

Thailand to develop and transfer component technology for small farmers 
and livestock producers in the Northeast to allow them to take full 
advantage of emerging market opportunities, and to strengthen their 
economic base for livestock production. More specifically, the major 
effort is designing livestock projects based on an FSR/E approach with 
support and research services for (1) livestock production activities (2) 
support of specific, strong linkages between crop production and livestock 
such as greater use of by—products, improvement of cropping systems for 
feed production, and improvement of draft animal efficiency, and (3) 
training and use of on — farm research and testing programs where final 
recommendations would be based on adoption potential of different 

 
The strategy, or overriding goal in project design adopted by the 

team was considerably different than the focus of previous large—scale 
livestock projects in Thailand OK in most developing country situations 
where the emphasis has been on capital project development such as 
building slaughter houses, setting up experiment stations, land 
productivity improvement or greater vaccine production by government 
agencies. Rather, because the government institutional base was found to 
be adequate, the private sector viable, and the country very much market 
oriented, the objective decided upon was one of determining how existing 
institutions could be more effectively utilized and, simultaneously, the 
FSR/E approach woven into a large—scale project. 

 
Reflection indicates that very quickly after the whole team truly 

began to believe in the FSR/E approach, they quickly adopted it as their 
methodology. As a consequence, even though some use was made of individual 
visits to view particular technical aspects relevant to one's own subject 
matter specialty (such as review of a vaccine production laboratory), 
almost all of the field work was done by the team as a whole. This aspect 
is very important as it shaped the entire project design. 

 
The approach taken was first viewing an extensive slide presentation 

by one of the Thai team members about what to look for. A few days were 
spent in reviewing literature which had been assembled by the team leader 
who had arrived a week in advance of the team. Everyone was provided with 
a list of references and the reports taken to the field where they were 
exchanged by team members. An important point here is that literature 
review was made much more meaningful by coordination with field work. 

 
The team spent about two weeks in the field carrying out a survey of 

the "sondeo" type. Use of a large van proved to be quite an efficient 
mechanism in permitting adequate discussion between stops to obtain a good 
understanding of all subject matter areas. 
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During the survey period an attempt was made to develop cost and 
returns budgets which could be used as a "before" and "after" type 
evaluative procedure like those typically used on the financial side of 
project analysis. However, it quickly became apparent that, because the 
target beneficiaries made only marginal use of cash inputs for livestock 
production, and were likely to remain that way even with a large scale 
project, virtually all the cells in the cost and returns matrices would 
remain empty and thus budgeting per se was a meaningless endeavor. But, 
the budgeting concepts were found to be important and a brief presentation 
to the team of them proved to be as useful as the technical presentations 
which were encouraged from each team member. After the survey, which 
lasted nearly two weeks, the team set up residence at the Tha Phra 
headquarters of the previously mentioned NELDP project and began the 
actual project design. Recognition of the large number of macro level 
constraints mentioned earlier led to initial determination of livestock 
classes and activities which did not lend themselves to project design 
consideration. 
 
CONSTRAINTS AND PROBLEMS ENCOUNTERED WHICH LED TO PROJECT SELECTION 

 
The macro—level factors have already been discussed. In addition to 

them the following micro level factors were delineated: 
 

- Consideration of the farm as a family rather than economic unit 
leads to recognition of the considerable sources and amounts of 
outside income. Consequently, animal agriculture must be evaluated 
in relation to labor time required 

 
- The Northeast is not a collection of homogeneous farms, but rather 

discrete village units with wide geographic, climatic and market 
opportunities 

 
- Communal grazing of cattle and buffalo is very important as is 

sharing labor and draft animals. The "standard" FSR/E approach is 
not yet well—equipped to handle this village level analysis 

 
- Forecasting long—term needs is very tricky because of the dynamism 

of Northeast Thai agriculture. For example, in contrast to just 10 
years ago, there is now widespread availability of television, 
agricultural and animal oriented inputs are abundant and relatively 
inexpensive, and credit is not considered a "problem" 

 
- Standard project evaluation procedures would be difficult to 

implement because of the dynamic nature of the industry. For 
example, if the project led to children continuing through secondary 
school, leaving the farm and eventual leasing of it, from a social 
view this would be a success although, at first blush, sale or 
leasing of a farm could be considered a failure from a strict 
project review point of view. 
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In addition to the external constraints and those mentioned above, 
final project design rested on consideration of technical constraints and 
those imposed by farming systems interactions (Figure 1). The technical 
constraints are fairly well known in Thailand and well-documented through 
considerable research carried out by universities and the DOLD. The 
constraints fall under the classification of management, breeds, nutrition 
and animal health. 

 
Some examples of technical and market interactions related to those 

imposed by farming system interactions include preference for castrated 
male buffaloes for draft power which leads to reduced interest in breeding 
for milk production, and free grazing of cropland during the dry season 
during which time indiscriminate breeding occurs and animal diseases are 
transmitted. Others are contamination of drinking water by animals, 
seasonal land use patterns for cropping as it affects livestock forage 
production, and very rudimentary methods for processing crops which impact 
livestock production. 

 
Discussion of potential projects by team members was carried out in 

the field rather than after return to the capital. This helped a great 
deal in all aspects--priority setting, project screening, modification, 
and design. A blackboard and overhead transparency projector were used to 
keep track of the projects and group them according to classes of 
technical constraints. That classification was used because it fits 
better into the way in which research projects are set up and funded, 
falls within the current organizational structure of DOLD, and provided a 
clear focus on the constraints being addressed. It is believed that 
design in the field was an effective means of keeping the project a team 
effort. After return to the capital city it was difficult to keep the 
team together, and there was pressure for each member to get on with 
writing his or her part of the report. 

 
It took several very frustrating days during the design phase to set 

forth the projects, but reflection indicates that in the end time was 
saved by working as a team at first and then dividing up into subject 
matter groups for writing separate sections of the report. Quite often 
team are fragmented into committees with emphasis on writing a report 
rather than developing an integrated program. The team approach was also 
used with USAID officials who were asked to periodically (two days once a 
week) review progress. In addition, as project design advanced a seminar 
was held for NELDP personnel, and their feedback incorporated in selection 
of alternative projects. Also, after about a week of work on project 
design, team members were allowed to spend part of their time back in the 
field to gather further information and check on particular aspects of 
design. The core team worked together for 6 weeks while the team leader 
was involved for nearly three months. 

 
Overall, 14 activities were delineated all of which were components 

of programs. The main thrusts of the programs were (1) village level on-
farm research and extension (2) improvement of livestock station 
activities (3) development of farmer-level and subject matter specialist 
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training and (4) animal health improvement. It was found most convenient 
to divide the activities into four main areas: institutional support, 
breeding, nutrition, and health (Table 1). 

 

The institutional support in the design was felt to only strengthen 
weak points in on-going programs and also provide the base needed for new 
activities. The breeding and nutrition activities were aimed at 
integrating on-farm research and extension station activities. In effect, 
care was taken to provide a balanced approach, one which signals the need 
to avoid having an animal project being completely on-farm oriented which 
could, in the short-run, possibly provide some dramatic results, but which 
would not build an effective foundation for long-run rural development. It 
can be determined that major emphasis was given to animal health and 
provision of improved buffalo and cattle as these are the areas which 
farmers with a subsistence orientation for their farming activities can 
best use. Because of market constraints little emphasis was placed on 
poultry and swine except in the areas of health and management. 

 
 

CONCLUSIONS 

A farming systems approach for livestock development in Northeast 
Thailand in both project design and the projects themselves is reported 
in this paper. Some of the major conclusions from a methodological point 
of view which have applicability to other livestock projects carried out 
with an FSR/E approach are: 

 
- Any success stemming from the project design report prepared in 

Thailand is due to the spirit of cooperation by DOLD, USAID and the 
four Thai team members. This type of positive thinking and 
cooperation is an essential ingredient for success of any design 
effort 

- The FSR/E approach during the design phase, by its very nature, 
mandates inclusion of host country professionals and numerous 
subdisciplines. Thus, development of FSR/E projects can generally be 
considered to be more expensive than "standard" USAID 
project design efforts 

- The design effort is best done by first carefully identifying and 
listing constraints from which the alternatives can be selected for 
evaluation 

-  Use of costs and returns budgets, a standard tool by economists, 
will seldom be effective per se. But, all team members should be 
appraised of the way in which budgets are constructed and typical 
items included so they can consider them within their own interest 
area. 



500 
 

-  The use of semi—formal discourses and formal presentations by team 
members in their areas of expertise was very effective, especially 
to draw out the more reticent team members 

 
- All team members should participate in virtually every aspect of the 

initial survey and project identification. Only after that should 
committees formed to draft specific projects 

 
- The incorporation of USAID and DOLD officials during parts of the 

survey and design, and regular presentations to them combined with 
discussion and justification, saved time in both the short and long-
run. 

 
Overall, complexity of livestock projects can be overcome by an 

FSR/E approach in the design phase. It is still too early to determine the 
extent to which FSR/E will be successful in livestock projects themselves, 
but this approach certainly deserves plenty of opportunities under a wide 
variety of situations. 
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Figure 1. Design approach, Northeast Thailand livestock project USAID 
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Table 1. Activities developed by Northeast Thailand livestock project  
  design team 

 
Item Amount Percent 

 
Institutional Support 

 
1. Improvement of the Extension and Technology Role 

of the Original Northeast Livestock Development 
Project 
 

$1,545,000 24 

2. Support for the National Buffalo Research and 
Development Center 

$450,000 07 

 
Breeding 

 
1. Expansion of Improved Crossbred Bovine Breeding 

Stock via Performance Testing 
 

$456,000 07 

2. Performance Testing and Management Training for 
Cattle in Village 
 

$562,000 09 

3. Improving the Crossbreeding of Buffalo and Cattle 
through Artificial Insemination 
 

$530,000 08 

4. Expansion of Native Thai Breeding Stock via 
Performance Testing 

$754,000 12 

 
Nutrition 

 
1. Improving Village Level Forage Production 

 
$180,000 03 

2. Mineral Studies on Bovine Animals 
 

$195,000 03 

3. Studies on Growing/Finishing Bovine Animals on 
Grass 
 

$150,000 02 

4. Finishing Bovine Animals on Rations Containing 
Agricultural By-products and Local Feeds 
 

$140,000 02 

5. Improving Agricultural By-products and Wastes for 
Use in Bovine Feeding 

$105,000 02 

 
Health 

 
1. Improvement of Animal Disease Monitoring and 

Development of a Permanent Disease Surveillance 
System 
 

$558,000 09 

2. Strengthening Field Clinics for their Role in 
Disease Control 
 

$291,500 05 

3. Improvement of Bovine Reproduction 
 

$407,000 07 

Total, 1982 constant dollars $6,323,500 100 
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A GUIDELINE FOR THE DESIGN OF FARMING SYSTEMS PROJECTS: 
A CASE STUDY FROM THE EASTERN CARIBBEAN 

 
Robert D. Hart and Calixte George 

 
National agricultural institutions in the Third World have recently begun 
to shift their emphasis from commodity-oriented research and extension 
programs to production systems-oriented projects. These research projects 
approach agricultural production from the farmers perspective and farmer 
involvement is imperative. Since the research unit is usually a complex 
crop or livestock production system, a multi-disciplinary systems approach 
is required. 
 
Donor and technical assistance institutions have begun to refer to these 
production system-oriented research projects, where farmers are directly 
involved in identifying and testing technology, as Farming Systems 
Research and Development (FSR/D) projects. Although considerable progress 
has been made in FSR/D methodology development, many of the general design 
and implementation procedures that are needed to apply the research 
methodology have not been developed, and many institutional issues have 
not been adequately resolved. In short, there are many unanswered 
questions with regard to the best procedure to follow in both the design 
and implementation of an FSR/D project. 
 
In this paper, we present a general FSR/D project design guideline that we 
have synthesized from our experience in the design of an FSR/D project in 
the Eastern Caribbean. The sociological, socioeconomic, and institutional 
situation of the Eastern Caribbean is unique, but we feel that the general 
project design guideline could be used in other countries. After 
describing the general design sequence, we present an outline of the 
specific procedure we followed in the design of the Eastern Caribbean 
project, and a summary of some of the key aspects of the project that was 
designed. 
 
FSR/D PROJECT DESIGN 
 
The design of an FSR/D project is similar in many ways to the design of 
any research and development project. For example, clear Objectives must 
be defined, a procedure must be identified that will produce the desired 
objectives when implemented, an institutional structure that will 
facilitate implementation must be in place, and resources (human and 
financial) must be adequate. However, it is recognized that the 
implementation of an FSR/D project requires a multidisciplinary systems 
approach and an emphasis on farmer-targeted adaptive research, and this 
makes the design of FSR/D projects quite different from traditional 
research and development projects. 
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Perhaps the most important difference between the design of an FSR/D 
project and a traditional commodity-oriented project is that it is 
extremely difficult, if not impossible, for a single individual to design 
an FSR/D project. Even a multidisciplinary team will find it difficult to 
design an FCR/D project, if it does not include individuals with first-
hand experience with the production systems currently used by farmers and 
an understanding of the socioeconomic environment in which farms 
function. 
 
Project design begins when all participating institutions agree on a 
design process and form a design team. A design team is defined, in this 
case, as an ad hoc group of individuals brought together for a specific 
time period with the specific task of developing a document (or documents) 
that describes how an institution (or institutions) is going to use a set 
of resources to achieve a set of objectives. After the team is brought 
together, the next step is to agree on the basic concepts that will be 
used by working groups with responsibilities for different components of 
the project. Since the different components of an FSR/D project are 
usually mutually dependent, a workshop format where groups work 
separately, report back to other team members, and form new groups to work 
on other components of the project, is an ideal mechanism to use in 
designing this type of project. The general steps that can be followed to 
bring together a multidisciplinary team and design an FSR/D project using 
a workshop format are listed below and then described in detail. 
 

1.   Development of a design plan 
2.   Formation of a design team 
3.   Definition of a common conceptual framework 
4.   Definition of the project objectives 
5.   Definition of the general project strategy 
6.   Definition of institutional structures 
7.   Identification of resource requirements 
8.   Documentation of the project design results 
 

1. Development of a Design Plan 
 

When the administrators of the institutions that are likely to be involved 
in the implementation of an FSR/D project have made the decision to 
develop a project, the first step is to agree on a sequence of activities 
that will lead to the design of an FSR/D project. Since project design 
requires both human and financial resources, the availability of qualified 
scientists, time, and money will be a key consideration. If an 
institutional arrangement acceptable to the donor institution (providing 
financial support) and the implementing institution (responsible for 
conducting research) is likely, it will often be possible to obtain 
financial and technical support from the donor institution for design 
activities. When all participating institutions have agreed in general 
terms how the project will be designed, a design team can be brought 
together. 
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2. Formation of a Design Team 
 
An FSR/D design team should include individuals with the following types 
of expertise: 
 

a. Experience with the farmers who will participate in the project. 
b. Experience conducting on-farm and field station research with the 

same type of biological production systems (e.g., multi-species 
intercrop systems, irrigated vegetable production systems, cut-and-
carry livestock systems) that will probably be the focus of the 
project research activities. 

c. Experience in a wide range of biological disciplines, social 
sciences, and research management. 

d. An understanding of the structure and function of the Institution or 
institutions that will be implementing the project. 

e. An understanding of the structure and function of the institution or 
institutions that will be financing the project (if the project is 
not financed directly by the implementing institution). 

 
Although potentially a complicated issue, leadership of the design team 
can he simplified if donor, implementing, and technical assistance 
institutions can agree on the design procedure prior to bringing the team 
together. When the design procedure is clearly understood, technical 
authority is delegated to working groups, and the role of the team leader 
or leaders becomes team management rather than dictatorial leadership. 
 
When a design team is composed of individuals from donor, implementing. 
and technical assistance institutions, a key question is, which 
institution should provide the team leader? In many cases, a collective 
leadership, with a steering committee representing the interests of all 
participating institutions may be the best leadership mechanism. If two 
institutions have potentially conflicting management objectives and 
procedures, as often occurs between donor and implementing institutions, a 
third party (such as a technical assistance institution) may be asked by 
both parties to take a stronger leadership role. 
 
3. Definition of a Common Conceptual Framework 
 
The first problem faced by an FSR/D project design team is how to achieve 
consensus on basic concepts. This is not simply a problem of communication 
among team members: all team members must not only be able to communicate, 
they must also agree to use a common set of concepts (conceptual 
framework) in the design of the project.  
 
The easiest way to approach team consensus is to begin with concepts, not 
semantics. For example, rather than discussing what the words "cropping 
system" mean to everyone, it is best to agree that crops are often planted 
in different arrangements in space and time and that different inputs are 
applied and outputs produced. The name that is assigned to a recognized 
phenomenon is undoubtedly important for 
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communication, but it is not a key issue and most team members will be 
willing to agree to use a common terminology during the project design 
activity. Team members from the implementing institution will have a long—
term interest in the terminology that is adopted, and should be the 
individuals who decide on the "names" that will be assigned to different 
phenomena. 
 
During the last 50 years, systems science has developed into a discipline 
with a considerable body of theory, concepts, and terminology. It has only 
recently been applied to agricultural research and many FSR/D 
practitioners have not taken advantage of "systems" concepts in defining 
the physical, biological, and socioeconomic phenomena that are the 
subjects of farming systems research. If a team applies the basic concept 
of a system (an arrangement of components that function as a unit 
processing inputs and producing outputs) to reality and identifies 
different types of systems, many semantic and conceptual problems can be 
overcome. If terms like "farming systems," "livestock production systems, 
" and marketing systems are going to be operationalized, the individuals 
using the terms must be able to clearly identify the components, inputs, 
and outputs of each system. 
 
Since FSR/D projects address both development and research and bring 
together a wide variety of biological and socioeconomic disciplines, it is 
important to construct a conceptual framework that allows individuals from 
different disciplines to see how their specialty fits into the whole. 
Systems science uses the concept of system hierarchy as a conceptual 
framework to tie together the microscopic with the astronomic. An example 
of a system hierarchy in biology is the population-organism organ-tissue-
cell hierarchy; a ce11 is a subsystem of a tissue, that is a subsystem of 
an organ, etc. When the concept of hierarchical systems is applied to the 
domain of agriculture, a hierarchy of agricultural systems can be 
identified (for example, region-community-farm-crop production system, 
etc.). This hierarchy is illustrated diagrammatically in figure 1. 
Scientists can identify the system level within the hierarchy where their 
discipline operates and can design activities that can contribute to the 
general research strategy developed by the design team. 
 
4. Definition of the Project Objectives 
 
In most cases, the general objectives of an FSR/D project will have been 
identified by senior administrators of the implementing institutions prior 
to bringing together the project design team. A decision will usually have 
been made regarding the general geographic area, the type of farmer, and 
the system level (community, farm, production system, etc.) that will be 
targeted by the project. The job of the design team will be to: 
 

a. Identify specific project outputs within the framework of the 
general objectives. 

b. Identify the phenomena within the conceptual framework (developed 
during the conceptual consensus stage of the project design) that 
directly influence these outputs. 
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If, for example, an implementing institution and a donor institution have 
agreed that the general objective of an FSR/D project should be to 
increase producer income from the small farm sector of a specific region 
of a country by conducting applied biological research, the job of a 
design team will be to identify the agricultural production systems that 
should be the target of the research (e.g., sheep production) and specific 
project outputs (e.g., alternative feed, herd management, animal health, 
and breeding practices that will increase the economic efficiency of wool 
production and increase income). If enough information is not available to 
specify target production systems and types of alternatives likely to be 
emphasized by research teams, the project design will have to identify the 
point in time within the implementation procedure when these decisions 
will be made. 
 
5. Definition of the General Project Strategy 
 
The general strategy of an FSR/D project should exhibit the following 
 

a. It should lead directly to the project objectives. 
b. It should include only activities that contribute to reaching the 

 objectives. 
c. It should be efficient in the use of financial and human resources. 
d. It should be composed of activities that are discrete with 

 identifiable inputs and outputs, and that are directed at specific 
 real physical, biological, or social phenomena. 

 
With the definition of clear objectives and the definition of a conceptual 
framework, the next step for the design team is to outline a general 
research strategy. A general strategy, in this case, is defined as a set 
of interacting activities that are directed at different agricultural 
systems, that are linked together in space and time, and that will produce 
the desired project objectives. 
 
While FSR/D projects use different terminology, most projects include the 
following steps: a) a preliminary descriptive phase (often called 
"characterization"); b) an analytical phase, where descriptive information 
is synthesized; c) a design phase, where constraints and hypotheses as to 
how to resolve these constraints are identified; d) a testing or 
evaluation phase (often called "validation"), where the hypotheses are 
accepted or rejected; and e) a technology transfer phase, where the 
technology is communicated to farmers who have not participated in the 
first four phases. 
 
Usually the activities that form an FSR/D research strategy can be related 
chronologically to the characterization, analysis, design, testing, and 
transfer phases mentioned above. However, in some cases, more than one 
activity will be needed for one phase; for example, characterization may 
require a rapid appraisal activity, a farm survey activity, and a market 
and credit analysis activity. In other cases, a single activity may 
produce information that relates to more than one phase; for example, an 
on-farm experimental trial may produce needed 
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characterization information about a specific production system as well as 
information needed to evaluate a hypothesis. 
 
Specific activities or sets of activities will often be associated with 
specific disciplines. For example, marketing studies will usually be 
conducted by economists and on—farm trials will usually be conducted by 
agronomists and (or) animal scientists. Activities associated with one 
discipline usually can clearly be seen to be directed at one of the 
agricultural systems that form the project conceptual framework (for 
example, the community, farm, or production system). However, some 
activities that must be included in FSR/D projects are not the obvious 
responsibility of one discipline, and why it should be studied, or how it 
should be studied, is not always clear. For example, an initial 
characterization activity requires equal leadership and participation from 
biological and social scientists; what information is needed, and when and 
at what level of precision the information is required are often difficult 
questions. 
 
The analysis of a farm as a system is not a major interest of most major 
social or biological scientists, but it is a key FSR/D activity. 
Traditionally, economists, sociologists, agronomists, and animal 
scientists have studied economic, social, plant, and animal processes that 
occur on a farm, but have seldom done whole—farm analyses. A design team 
will usually find it easy to identify activities associated with specific 
disciplines, but will often overlook the activities that are 
multidisciplinary in scope. Special attention needs to be directed at 
these activities. 
 
Linkage among activities is a key to a successful research strategy. The 
output from a specific activity should serve as an input to at least one 
other activity or the activity probably should not be part of the 
strategy. Planning sessions that will ensure linkage among activities 
should be held when the outputs from many activities become available as 
inputs to other activities. For example, if a climatology study, a farm 
survey, and field station experiments have been planned because they will 
produce outputs needed to design on—farm technology evaluation trials, 
then it is obvious that a workshop must be planned to link the on—farm 
evaluation trials with the other activities. One of the reasons FSR/D 
projects recently have placed less emphasis on large baseline surveys is 
that the output from this type of activity was not available as an input 
for the design of on—farm experiments when it was needed. Rapid appraisal 
techniques, while often producing less information with less precision, 
produce outputs at the time when information is needed to design 
experiments. 
 
Figure 2 summarizes a general FSR/D research strategy that ties together 
the activities associated with characterization, analysis, design, 
evaluation, and transfer. Figure 2 also indicates the agricultural system 
(region, farm, etc.) that is usually the target of these activities. A key 
activity set in this strategy is "design of alternative "technology". All 
activities conducted prior to this stage are directed towards producing 
the necessary inputs for this activity; all activities 
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conducted after this stage are directed at evaluating and communicating 
the outputs from this activity. 
 
FSR/D project management is essentially of moving information through the 
process summarized in figure 2. One management tool that can be used to 
move information through the process is a continuously updated filing 
system. The file can include: a) a description of the predominant 
agricultural systems in a target area (outputs from "characterization" and 
"analysis") b) alternative technology for these systems (output of 
"design"), and c) the technical justification for recommending the 
alternative technology (output of "evaluation"). The file can be used to 
move information from research to extension and as a project output that 
can be inspected by donor institutions. 
 
6. Definition of Institutional Structure 
 
In designing the general FSR/D project strategy, the members of the design 
team will undoubtedly subjectively take into consideration the 
organizational structure of the implementing institution. However, after a 
general strategy has been developed, the next step is to objectively 
address the issue of institutional structure. The project design team 
should: 
 

a. Objectively analyze the present structure of the implementing 
 institution(s). 

b. Determine if an existing unit within the present structure is 
 organized in such a way that if more resources were made available 
 it could implement the project. 

c. If an existing unit is not structured to implement the project, 
 design an institutional arrangement that will be able to carry out 
 the research strategy. 

 
The question of what is an "adequate" institutional structure to implement 
an FSR/D project is a difficult one. The unit that implements the project 
must either have staff members from biological and social science 
disciplines or be able to hire individuals from a broad range of 
disciplines. The unit should include a program that would logically accept 
a mission-oriented project with a geographic focus.  
 
The most critical institutional issue for FSR/D projects is probably the 
relationship with commodity-oriented basic research units and extension 
units. In order to bridge basic research and extension processes the FSR/D 
project should, ideally, be located within a unit that is "higher" in the 
institutional structure than either extension or research (assuming both 
are in the same institution). This is seldom a possibility at the central 
office of an agricultural research institution (such as a Ministry of 
Agriculture) without a major reorganization, but often in a regional 
office of the same institution, a project office can be located at least 
at the same level as extension and research. 
 
The bridge between extension and research formed by FSR/D projects is 
essentially based on the management of agricultural information. Research 
needs to know what production systems farmers are presently 
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using and what their constraints are. Extension needs to know what 
technology is available to reduce these constraints. Because of the 
information management role played by FSR/D projects, the relationship 
with the agricultural information unit within the implementing institution 
is a key issue that must be considered by the FSR/D project design team. 
 
7. Identification of Resource Requirements 
 
After the design of a general research strategy that will produce the 
desired objectives, and the design of the institutional arrangements 
necessary to carry out the research strategy, the next step is to identify 
the financial, technical, and human resources that are required. In most 
cases, the availability of these resources from the implementing 
institution and an estimate of the financial resources a donor institution 
is willing to commit to the project will be known prior to the design 
workshop. But these resources are usually only promised in general terms 
(x person days of technical assistance, y dollars, etc.). The design team 
will usually be asked to calculate specific quantities of resource 
requirements. 
 
The most important resource limitations for FSR/D projects are usually 
people and vehicles (including parts and fuel). These resources usually 
represent a high percentage of an FSR/D project budget and are probably 
the best place to start when calculating resource requirements. 
 
The team be responsible for implementing research activities in a specific 
geographic area is usually the key operational unit in most FSR/D 
projects. One way to calculate resource requirements for an FSR/D project 
is to begin by identifying the number of individuals and disciplines 
needed for a field team. For example, an FSR/D project in an irrigated 
rice-growing area may require a field team composed of a rice specialist, 
a plant protection specialist, an irrigation specialist, and an 
agricultural economist: a FSR/D project in a small mixed-farm hillside 
area may require a field team composed of a soil conservation specialist, 
a livestock specialist, two agronomists with specialties in the 
predominant types of crops, and an agricultural economist. The number of 
vehicles (including motorcycles, etc.), the number of field assistants, 
and the amount of money needed to maximize the efficiency of the team in 
conducting research can then be calculated. 
 
If the available financial resources make it possible to have two or more 
field teams, a coordinating unit will probably be needed. If the number of 
field teams is large (five or more), the coordinating unit should probably 
be multidisciplinary. The disciplines represented in this coordinating 
unit will often be complementary to the disciplinary expertise of the 
field teams. For example, if none of the field team members is a 
specialist in agricultural statistics, a statistician could be included in 
the coordinating team; if the field teams have production economics 
expertise, the coordinating unit could include a marketing economics 
expert. 
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Since many agricultural research institutions have limited experience 
implementing FSR/D projects, technical assistance and training are often 
identified as a means of obtaining the required expertise and of improving 
national institution capabilities. This assistance and training is often 
contracted on an institutional basis rather than on an individual basis, 
and when that is the case, the role of that institution (usually based in 
a different country) must be considered within the institutional 
arrangement considered previously. 
 
Some donor institutions tend to be paternalistic and often incorrectly 
assume that technical assistance institutions in "developed" countries are 
inherently more capable of implementing an FSR/D project than a Third 
World institution. While this is not usually true, technical assistance 
institutions can, however, often provide key human resources and FSR/D 
design teams need to carefully consider where technical assistance 
personnel fit into the national institution's structure. Since expatriate 
technical assistance personnel are usually paid by an outside institution, 
they usually cannot have line authority (for example, head of a field 
team) and often an advisory or counterpart position must be created within 
the institutional structure. However, donor institutions often contract 
technical assistance institutions directly, asking them to accept 
responsibility for project outcome, not just provide technical assistance 
and this responsibility is more compatible with "authority" than 
"advisory" roles. How to use technical assistance expertise in FSR/D 
projects is a difficult question that must be addressed. 
 
8. Documentation of the Project Design Results 
 
The responsibility of an FSR/D project design team is not over until it 
has documented the results of the design process. If the design process is 
done in a workshop format, working groups that have been assigned 
different responsibilities can write draft reports to be distributed to 
other team members for comments and revisions. For example, a small group 
can be asked to write a chapter on "project objectives," another on 
"general research strategy," etc. These draft reports can then be combined 
and edited by a small group or by the leaders of the design workshop. 
 
The project document produced by the design team will often be the basis 
of a project proposal, usually to be presented to a donor institution for 
funding. For this reason, responsibility, authorship, and institutional 
affiliation of all the members of the design team should be clearly stated 
in the document produced by the FSR/D design team. 
 
A CASE STUDY FROM THE EASTERN CARIBBEAN 
 
The eight steps of the general FSR/D project design guideline described in 
the first section of this paper were used to design a project in the 
Eastern Caribbean. The implementing institution is the Caribbean 
Agricultural Research and Development Institute (CARDI). At the time of 
the project design activity, the United States Agency for International 
Development (USAID) was committed to provide financial support for the 
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project, and in July 1983, CARDI and USAID signed a project agreement in 
which USAID agreed to provide approximately US97 million over a 5-year 
period. CARDI will contribute approximately US$6 million and the six 
countries that will participate in the project will contribute slightly 
less than US$1 million. The University of Florida (Gainesville, Florida, 
USA), through its Farming Systems Support Program (FSSP), and Winrock 
International (Morrilton, Arkansas, USA), provided technical assistance 
during the project design process. 
 
The ecological and socioeconomic situation of the Eastern Caribbean is 
unique in many ways. For example, islands are quite different from 
geographic regions within continental countries. CARDI has had 3 years of 
experience conducting cropping systems research and has done extensive 
description and analysis of the predominant farming systems on the six 
islands that are participating in the project. The six islands (Antigua, 
Montserrat, St. Kitts-Nevis, Dominica, St. Lucia, and St. Vincent) are 
very different ecologically and in terms of economic and institutional 
development. The fact that CARDI acts as a regional institution (serving 
11 member countries of the English-speaking Caribbean) and as a national 
research institution in countries that do not have research institutions 
makes CARDI's institutional structure quite different from most Third 
World agricultural research institutions. 
 
To illustrate the eight steps in the general project design guideline 
described in the first section of this paper, we have described below the 
key characteristics of the specific design process followed in designing 
an FSR/D project to be implemented by CARDI. 
 
1. Development of a Design Plan 
 
Figure 3 is a diagram summarizing the design procedure followed by CARDI, 
USAID, and the University of Florida to produce a CARDI project document 
and a USAID project paper (an internal USAID document that must be 
approved before a contract can be signed and money can be released). The 
dates of the events that took place during this procedure are noted on the 
diagram. These key events were: 
 

a) After discussions with CARDI, USAID/Barbados requested assistance 
from the United States Department of Agriculture (USDA) to write a 
Project Identification Document (PID). This internal USAID document 
is, in essence, the USAID mission's proposal to USAID/ Washington 
that funds be set aside for a project. When this was approved, 
USAID/Barbados could tell CARDI that it had financial support for a 
project that met their approval and agreed to provide technical 
assistance in the preparation of a project proposal. 
  

b) The University of Florida and Winrock International were contracted 
to provide technical assistance to assist CARDI in the design of an 
FSR/D project. 
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c) Representatives from USAID, CARDI, and the University of Florida met 
and agreed on a workshop procedure that would be followed to develop 
a CARDI project document. 

 
d) A 2-week workshop was organized in St. Lucia. At this workshop, 

eight CARDI scientists and three technical assistance scientists 
formed the core team, but individuals from USAID attended 
periodically, and representatives from other institutions were 
invited to participate for short periods. For example, 
representatives from the University of the West Indies/USAID 
extension project were invited to describe their activities and to 
critique the project being designed. During the course of the 
workshop, small work groups (two to four people) were assigned 
responsibility for different topics, such as project objectives, 
general research strategy, linkages among participating 
institutions, etc. Leadership was informal, since after the entire 
group had agreed on the general workshop procedure, the task of the 
leaders was primarily to encourage work groups to write draft 
reports, call general sessions and organize new work groups. At the 
end of the formal workshop in St. Lucia, a small group traveled to 
CARDI headquarters in Trinidad to discuss organizational and 
management issues. 

 
e) The document written at the St. Lucia workshop was presented to 

USAID. After a preliminary review, individuals from USAID/ Barbados, 
USAID/Washington, USDA, CARDI, and the University of Florida (under 
the coordination of USAID/Barbados) developed a USAID Project Paper. 
Most of this paper was taken directly from CARDI's project document, 
but some analyses (such as economic, institutional, and social 
soundness analyses), were not addressed in the CARDI document to the 
satisfaction of USAID, and had to be expanded and revised for the 
project paper. 

 
f) USAID approved the FSR/D project as described in the USAID Project 

Paper, and CARDI and USAID signed a contract obligating CARDI to 
produce certain outputs (such as crop, livestock, and crop/livestock 
production system technological improvements) over a 5-year period, 
and obligating USAID to provide US$7 million for CARDI to implement 
an FSR/D project on six islands of the Eastern Caribbean. 

 
2.   Formation of a Design Team 
 
The 12 individuals that formed the project design team represented CARDI 
(including country team representatives, technical backstop staff, and 
central office management), USAID. University of Florida (an agricultural 
economist and an organization and management specialist), and Winrock 
International (an FSR/D specialist). The CARDI project leader and the 
Winrock FSR/D specialist (the authors of this paper) were the team 
leaders. 
 
3.   Definition of a Common Conceptual Framework 
 
The project design team agreed that CARDI's Farming Systems Methodology 
required an analysis of the following agricultural systems: 
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a) Island agricultural system. This system is composed of the farms 

that process natural resource inputs and agricultural chemicals, 
seeds, fertilizer, labor, credit, etc., and produce agricultural 
commodities; commodity processing components, such as mills and 
packaging plants; and services such as private sector suppliers of 
inputs and public sector institutions such as credit, agricultural 
research, extension and marketing boards. 

 
b) Farm system. A farm system is a key subsystem of an island 

agricultural system. It is composed of a household and a set of 
agricultural production systems that are controlled by the 
household. In addition to natural resources input that do not 
require economic transactions, a farm system sells agricultural 
commodities produced directly on the farm, agricultural commodities 
that are processed on the farm (for example, copra made from coconut 
produced on the farm) and family labor. Using the cash obtained from 
selling these outputs, or cash from a credit source of in-kind 
exchange, a farm system buys the inputs required for the function of 
its agricultural production systems and the household. Aspects that 
have not been included as farm system components in the above 
definition, but are important factors that affect farm function, are 
off-farm labor and nonagricultural activities (such as running a 
small store) that may occur within the physical limits of the farm. 

 
c) Agricultural production system. This system is a subsystem of a farm 

system. It is composed of physical components (soil, nutrients, 
etc.) that interact in space and time. Inputs can include 
precipitation, solar radiation, agricultural chemicals, seed, labor, 
machine, energy, animal energy, management, etc. Outputs include 
desirable commodities such as grain, roots and tubers, fruits, meat, 
milk, etc., and undesirable products such as soil erosion or 
pesticide runoff. A crop production system is an agricultural 
production system that includes one or more crop populations that 
interact in space and(or) time: a crop/livestock production system 
is an agricultural production system that includes one or more crops 
and one or more livestock populations that interact in space and(or) 
time. All crops and livestock on a farm interact in that they 
compete for labor, land and capital resources, but sets of crops 
and(or) livestock are grouped together to form a system when they 
compete biologically (such as for sun or soil nutrients, or for the 
same feed resource) and when farmers manage them as a unit (such as 
small plots of different vegetables planted in one field in which a 
farmer allocates labor without regard to vegetables species). 

 
4. Definition of Project Objectives 
 
The goal of the CARDI FSR/D project is to enable the countries of the 
Eastern Caribbean to assure continuing food security to their populations 
from a combination of domestic production and importations of food at 
commercial terms paid from foreign exchange earnings. 
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The project's purpose is to increase agricultural productivity and 
production by institutionalizing a sustainable Farming Systems Research 
and Development Program at CARDI that responds to the agricultural needs 
of participating Eastern Caribbean countries. The purpose therefore, has 
both a productivity and an institutional focus. To achieve the 
productivity objectives, CARDI will concentrate its efforts on selected 
crops of major importance or potential on each participating island, 
thereby avoiding dissipation of effort across too wide a range of crops. 
Institutionally, the project will build upon CARDI's current capacity so 
that by project-end CARDI will have the management and organizational 
resources to sustain its overall small farming research program. Three 
interrelated types of outputs will result from the project: 
 

₀  Technological generation. CARDI will develop a number of 
economically viable farm-tested and validated technological 
improvements in crops, livestock, and crop/livestock combinations. 

 
₀ Technology transfer. CARDI will establish a system of close 

research/extension and private sector linkages whereby technological 
improvements can be transferred rapidly to small- and medium-scale 
farmers. 

 
₀  Institutional strengthening. CARDI will be strengthened to a point 

where it can sustain a productive Farming Systems Research and 
Development Program. 

 
5. Definition of a Project Strategy 
 
The project design team developed a FSR/D methodology that can be divided 
into the following six phases: 
 
a) Area and target farmer selection. The selection of geographic area and 

type of farmers that will receive the attention of the project is 
usually done on the basis of political and policy criteria, cost-
effectiveness, potential impact of the research, and policy 

 
b) Description. After identifying the geographic area and target farmers, 

different information gathering techniques (such as key informant 
interviews, surveys, etc.) are used to describe the existing situation. 

 
c) Analysis. After summarizing the information gathered during the 

descriptive state, different analytical techniques are used to identify 
constraints that affect farmer production and opportunities to improve 
the existing production systems. 

 
d) Design. After identifying constraints and opportunities, hypotheses on 

alternative technologies that could overcome existing constraints are 
formulated. The synthesis of information and  
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 formulation of hypotheses usually require a multidisciplinary team 
approach. 
 

e) Testing. After identifying technology that could potentially overcome 
constraints, these technological alternatives are systematically tested 
with a subset of the target farmers to determine if the proposed 
alternatives are biologically, socially, and economically viable. 
 

f) Transfer. After identifying viable technological alternatives, a 
transfer process is begun. This process begins with extensive 
validation of the technological alternatives done by extension agents 
with a subset of the target farmers and ends with mass media 
information dissemination by extension institutions. 

 
When the six phases described above are applied to island agricultural 
systems, the farming systems that are components of the island systems, 
and the production systems that are components of the farming system, the 
result is the general FSR/D methodology described in figure 4. The general 
strategy outlined in figure 4 includes 11 sets of activities that are 
arranged chronologically and by agricultural system. A key activity is 
that of "design of alternatives." The first seven activities come together 
to allow the design of alternatives. The last three activities involve the 
testing and transfer of the alternatives that are produced during the 
design activities. 
 
Because of CARDI's experience conducting cropping systems research on the 
same six islands that will participate in the FSR/D project, extensive 
information has already been collected and analyzed. In many of the 
subregions of the different islands, the research team is already at the 
"design" stage of the general strategy. For this reason the CARDI FSR/D 
project document (see step 8) describes the research emphases for each 
island, and justifies these decisions on the basis of island, farm, and 
production system opportunities and constraints. For example, on-farm 
testing of technological improvement for onion and tomato production (step 
9 in the general methodology) in St. Lucia is justified on the basis of 
island-level opportunity due to wet-season import of these commodities 
(import substitution) and production system opportunities due to the 
availability of varieties to overcome plant-pathology constraints that 
have discouraged farmers from planting onions and tomatoes during the wet 
season. 
 
6. Development of an Institutional Structure 
 
The institutional arrangements for implementing the project include a 
three-person team on each of the six islands, a technical support and 
coordination unit in St. Lucia, commodity and discipline-oriented back- 
stopping from CARDI headquarters in Trinidad, and a technical assistance 
contract with a U. S. institution. Formal institutional linkages will also 
be sought with extension institutions and private sector institutions such 
as WINBAN (a banana research and development group linked to an export 
company). 
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7. Identification of Resource Requirements 
 
The implementation of the project described above will require 
approximately US$14 million. One half of this amount will be provided by 
the implementing institutions (CARDI and the governments of six Eastern 
Caribbean countries) and one half by the donor institution (USAID). 
Approximately 50% of the funds will be needed to pay for personnel costs. 
To assist CARDI in the implementation of the project, approximately US$1 
million will be used to obtain technical assistance from other 
institutions with experience in farming systems research. 
 
8. Documentation of the Project Design Results 
 
The 12-person team that worked together to design the FSR/D project 
described above produced a document with the following chapters: 
 
a) The role of CARDI in the Eastern Caribbean 
b) Project overview 
c) CARDI's FSR/D methodology 
d) Analysis of constraints and opportunities 
e) Research priorities 
f) Institutional linkages 
g) Technical assistance, training, and professional improvement 
h) Organization and management 
i) Implementation plan 
j)  Resources 
 
As mentioned previously, this document was used as the basis for writing 
a second document, a USAID Project Paper. It also is being used by the 
CARDI implementation team as a guideline for the development of the work 
plans for each of the six countries involved in the project. 
 
CONCLUSIONS AND ACKNOWLEDGMENTS 
 
The FSR/D project design guidelines and the case study resulting from 
applying these guidelines in the Eastern Caribbean has been described in 
very general terms in this paper. Just as a key characteristic of the 
FSR/D approach is that the direction of the research is determined with 
farmer participation, we feel that the strategy and institutional 
arrangements of an FSR/D project must evolve to fit indigenous conditions 
and cannot be imported. The purpose of this paper has not been to suggest 
a recipe or a rigid model: rather the intent has been to share insights 
gained through practical experiences. 
 
We wish to acknowledge the inputs from all the FSR/D project design team 
members from CARDI. University of Florida, Winrock International, USDA and 
USAID that participated in the design of the CARDI project. In 
alphabetical order, the team included: E. Birgells, R. Carew, J. Cropper, 
L. Daisley, R. Francis, C. George, J. Hammerton, M. Ingle, R. Hart, V. 
Narendrum, W. McPherson, R. Pilgrim, and R. Waugh. These individuals 
contributed ideas not only to the project itself, but also as to how it 
should be designed. Although the ecological, socioeconomic, and 
institutional situation of the Eastern Caribbean is unique, 
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we feel that the design process described in this paper could be used by 
other institutions interested in the design of farming systems research 
and development projects. 
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Figure 1 The hierarchical relationship among regions, farms, production 
  systems, and production systems components that can be used as 
  a conceptual framework for farming systems research and   
  development. 
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Figure 2. A general farming systems research and development strategy  
  consisting of different activity sets directed at different  
  agricultural systems that are related hierarchically. 
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Figure 3. The process followed to design a Farming Systems Research and  
  Development Project to be funded by USAID and implemented by  
  CARDI. 
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Figure 4. CARDI’s General farming system research and development   
  methodology 
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PUTTING FARMING SYSTEMS RESEARCH DATA COLLECTION 
IN PERSPECTIVE: PRACTICALITIES AND REALITIES 

 
Lorna Michael Butler 

 
One of the major goals of Farming Systems Research (FSR) is to develop 
among scientists, Extension workers, and policy makers, a more thorough 
understanding of the small-scale, limited resource family farm. The 
underlying assumption is that a firsthand knowledge of the "total" farming 
system, from the farm family's point of view, is critical to increasing 
the family's productivity and to improving its quality of life. It is with 
this body of knowledge that researchers, Extension workers, and farm 
family members, collectively, are able to identify major system 
constraints to production, design and test acceptable solutions, and 
ultimately recommend improved technologies to other farm households. 
 
Data collection is a major part of all FSR activities. It begins with the 
initial attempt to build acceptance for a farming/production systems 
research approach, and continues through to the time when acceptable 
technologies are recommended and transferred to farm families through 
Extension or other educational strategies. Each phase of the FSR problem 
solving process is depends on quality information for decision-making (see 
Figure 1). 
 
The main concern of FSR is the small-scale farm family whose goals and 
resources are not necessarily the same as those of the larger commercial 
farm unit. The data collection design must be responsive to this unique 
production environment, as the farm family perceives it. Simultaneously, 
it must be sensitive to the macro environment, which is social 
organization, cultural norms, land tenure, community leadership, 
institutional structure and government policy. While the strategy 
incorporates both micro and macro perspectives, it is the "bottom-up" or 
micro orientation that is the overriding concern. 
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Data collection methods must therefore be planned in response to the whole 
situation. They must not only meet the expressed needs of the small-scale 
farm family, but must also correspond with the needs of the local 
Extension staff, research station staff, organizational decision makers 
and national leaders. Approaches should be selected which are flexible 
enough to adapt to resource constraints, yet are sufficiently rigorous to 
produce realistic predictions about the adoption feasibility of improved 
on-farm practices. Above all, the design and implementation of these 
activities must be complementary to what is already on-going, otherwise 
FSR may be perceived as competitive, threatening or a waste of resources. 
 
FSR PROBLEM SOLVING PROCESS 
 
The FSR approach provides a framework which can be applied to solving the 
production problems of small-scale family farms. This is based on the 
assumption that small-scale, limited resource family farms usually are the 
recipients of a disproportionately small share of the benefits of 
agricultural research. Extension, and other development activities 
(Hildebrand and Waugh, 1983). 
 
The FSR problem solving process can be organized into five primary 
activity phases. All may progress simultaneously, or activities may begin 
at any appropriate point. Regardless of point of departure, the process 
should assure that current production systems are well described and 
understood within the physical, agronomic and socioeconomic environment, 
especially from the farm family's point of view. The five phases, along 
with corresponding activities, are illustrated in Figure 1. They are: 
 

1. Legitimization of the FSR approach 
2. Research Site Selection 
3. Problem Analysis 
4. Solution Identification 
5. Extension Integration 
 

Various authors have identified comparable "stages" in the FSR process 
(see for example Gilbert, Norman and Winch, 1980; Shaner, Philipo and 
Schmehl, 
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1982). However, few note the importance of integrating Extension from the 
beginning. The legitimization phase has not been seen as an integral part 
of the entire problem solving and data collection process. Legitimization 
and organizational integration, at national and local levels, must receive 
careful consideration from the onset. This component should not be 
divorced from the data collection process. 
 
In the initial stages, understanding and acceptance of the FSR approach 
are generated through participatory processes involving influentials, 
decision makers, local leaders, expatriate team members and government 
staff. This early legitimization contributes to a more acceptable research 
design, interdisciplinary attitudes among staff, early identification of a 
research site, and understanding of real production constraints. It is the 
ideal time to begin to train critical program participants for responsible 
long term involvement. 
 
Farm family members, local leaders, researchers from different disciplines 
and Extension staff form a collective team for identifying constraints and 
problems. A "research team" representative of this mix identifies 
alternative solutions, at the same time considering the consequences and 
trade-offs of each. Potential system improvements are tested under small 
farm and experiment station conditions. During experimentation, activities 
and outcomes are monitored by participating farm family members, local 
leaders, Extensionists and scientists. Acceptable solutions are integrated 
into a continuing Extension program directed at comparable farming system 
households. Supportive institutional arrangements and needed policy 
changes are also identified. 
 
DESIGNING DATA COLLECTION FOR PRACTICAL NEEDS 
 
Each phase of the problem solving process requires certain types of 
information. In some cases data are needed in a limited amount of time. 
This may imply fewer sources of information or more rapid research site 
selection. Decision makers may demand high project visibility. On the 
other hand, more complex technical questions concerning the economic 
feasibility of one method of planting versus another may demand more 
rigorous experimentation combined with careful monitoring of farmer 
behavior. 
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While data collection methods must provide reliable and timely 
information, there are points in the process when it is advantageous to 
adapt data collection methods to accomplish additional goals. For example, 
if local leaders and farm family members are expected to understand and 
support the program, they need to be involved in the research process. 
This may necessitate adapting research methods to provide meaningful 
learning experiences for less academic participants, and to obtain higher 
levels of participation from these team members. Both Extension and 
research staff can make unique contributions to an FSR team, however each 
brings a different background of experience and training. Both are 
essential to the outcome. 
 
While the FSR approach is not new to the rural development field, it does 
demand that attention be given to certain implementation factors that 
might otherwise be overlooked or underemphasized. Attention to these 
factors can be assured through careful design of the data collection 
process. 
 
Methodology should not be an end in itself; rather it should serve as a 
tool to facilitate the following five practical needs: 
 

1. Systems Framework 
2. Participation and Communication 
3. Learning Laboratory 
4. Reliable Information 
5. "Bottom-Line" Decision-making 

 
Systems Framework 
The data collection design must incorporate a systems framework which, 
within reasonable limits, views the production problem from the point of 
view of the farm family, and the various interrelated disciplines 
represented. 
 
In Egypt, for example, the linkages between crop production, livestock and 
family well-being are apparent. The Egypt Major Cereals Improvement 
Project staff identifies the shortage of animal forage to be a major 
problem to which FSR approaches might be applied. The shortage of summer 
forage has a direct effect on animal nutrition and weight, therefore on 
animal productivity and profitability. 
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Berseem is by far the most important element in the livestock diet. 
Therefore the tendency for Egyptian farmers to devote more and more land 
to Berseem production conflicts with the need for increased human food 
crop production. The well-being of many small-scale Egyptian farm families 
is tied to livestock production in that smaller farms are most dependent 
on cash returns from livestock products. Livestock represent an important 
source of draft, transportation and water power, manure, milk and meat. 
 
Family member roles and responsibilities are also linked to the problem 
since women in these farm families provide at least 40% of all labor in 
livestock production. The problem is also impacted by factors beyond the 
small farm setting. Government regulation of crop rotation and pricing 
policies affect farm families' willingness to adopt alternative land use 
practices, and forages and feeding patterns (Butler, 1983). 
 
Participation and Communication 
Data collection methodologies and institutional arrangements must assure 
responsible and collaborative involvement among farm family members, 
Extension workers, researchers from various disciplines and local leaders. 
 
The FSR approach draws on basic community development principles in which 
participatory decision-making has been found to be an effective means of 
building local leadership skills, solving local problems and strengthening 
local support. As people perceive personal rewards for involvement, they 
are more likely to assume an increasing level of responsibility for 
methods used, findings obtained, and recommendations generated. 
 
The underlying assumption is that all the key actors in the process 
possess information from which the research process can benefit. Farm 
family members and local leaders have years of informal research 
experience based on many generations of adapting for survival. 
Academically trained scientists can from farmers about the environment, 
for example, by learning local terms and classification systems, by 
listening and by observing. Sometimes this explains why technological 
solutions look reasonable to scientists but unreasonable to farmers (see 
Chambers, 1980). 
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Farm family members also develop a greater appreciation of scientists' 
perspectives by working closely with them. Team collaboration is a long 
term effort that can do a lot to reduce social distance. 
 
Learning Laboratory 
Design methods to take advantage of the unique capabilities of all team 
members. They should hold potential for teaching skills that will 
contribute to program goals. Ideally, the FSR team should eventually be 
able to train others in phases that follow. They should be able to apply 
their knowledge to new situations with a minimum of guidance. If Nationals 
are not trained and motivated to apply the methods, it is doubtful that 
institutionalization of the approach will occur. 
 
For example, some scientists may have neither the aptitude nor the 
interest to conduct social surveys or informal interviews. Everyone does 
not have the ability to ask the right kinds of questions in the most 
appropriate language. While the right attitudes are important, it may 
require considerable training to reach the necessary skill level to 
execute a high quality scientific survey. It may be more productive to 
train these scientists in informal interviewing skills as might be applied 
in "rapid reconnaissance" or exploratory-type surveys. 
 
Citizens and local leaders with no exposure to social survey or interview 
techniques may be better exposed, at first, to more structured survey 
methods, as by conducting a village census, farm record keeping, or 
household diary keeping. 
 
By turning data collection methods into learning laboratories, some 
compromises may be necessary, for example, in scientific rigor and in time 
required. Begin where team members feel they are now. It may be well worth 
the so-called "scientific sacrifices" to develop peoples' skills, 
enthusiasm and motivation in order to generate needed long term support 
for the program. Development of Nationals' skill colleagues' for 
institutionalizing the methods after the expatriate team is gone should be 
of primary concern. 
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Reliable Information 
The ultimate purpose of data collection is to generate accurate 
information on which sound and timely decisions are made. Decisions nay 
pertain to improved technologies, but also to changes in management, 
institutional structure, planning strategies and policy recommendations. 
Reliable information is crucial to qualify decision-making. 
 
Application of the systems approach to research brings an accompanying 
danger-the tendency to collect more data than is either economical or 
useful. Resources are probably already in short supply, therefore the 
research team should seize the opportunity to utilize time, money, and 
human energy in the most efficient way possible. 
 
Chambers (1980b) notes the need to maintain a balance between actual use 
of information and the cost of gathering information. There has been a 
tendency toward "long-and-dirty" data collection approaches in which 
investigators have collected "mountains" of unused data, or toward "quick-
and-dirty" approaches which suffer from reliability problems. Neither are 
cost-effective. 
 
The challenge is to adapt traditional survey procedures, or other more 
rigorous data collection methods, to produce the kind and quality of 
information needed under the particular circumstances. At the same time, 
there is a need to keep methods practical and culturally appropriate to 
encourage participation from people whose contributions are greatly 
needed. 
 
"Bottom-line" Decision-making 
Data collection strategies are only valuable when they produce information 
that answers the questions being asked. 
 
There is a danger, especially where social scientists are concerned, in 
focusing on broad, philosophical questions and not enough on the 
feasibility of proposed solutions, or on the consequences of alternatives. 
Information may be needed about alternatives that can be implemented in 
the next growing season. Decision makers and planners need the kind of 
data that will solve real production problems yet be compatible with 
available resources, staff attitudes and political realities. 
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Consider data collection methods that respond to these realities, for 
example approaches that produce fast turnaround of data, and 
interpretations that are clearly understood. Compare the trade-offs among 
various alternatives in order to accommodate the need for essential 
decision-making information. 
 
GUIDELINES FOR SELECTING AND ADAPTING METHODS 
 
There are a multitude of factors to consider before deciding on the best 
data collection design. While the problem itself is important, there is a 
whole array of critical questions about resources available, institutional 
compatibility and local acceptance that are worth examining. Some 
preliminary questions follow to help in planning appropriate data 
collection strategies. 
 
A. What questions or indicators to examine? 
 

1. What are the precise objectives of data collection? Why are the data 
needed? How will data generated fit into the overall design? What 
are the most critical indicators about which information is desired? 

 
2. Will the information obtained produce the desired end product? e.g., 

visible results, recommendations for action, acceptable improvements 
in technology, local community and institutional support. 

 
3. How much detail or depth of information is absolutely essential? 

What level of quality is necessary? 
 
4. Does the information already exist, or must it be collected as new 

information? 
 
5. Is the cost of data collection justified (human, time, monetary)? 
 
6. How valuable will the information ultimately be to the farm family? 

To decision makers? To government staff? To the donor? To all 
project team members (National and expatriate)? 
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7. Will the information available be timely in relation to production 
decisions and activities? Political deadlines? Project time 
schedule? 

 
B. What methods to employ? 
 

1. Will methods assure that there is a legitimate and representative 
support group to take responsibility for plans, decisions and 
recommendations? Does this group represent various interests, 
disciplines, stratification levels and types of expertise? 

 
2. Will methods result in fairly accurate information on which planning 

decisions can be based? Will the findings be respected? 
 
3. Is there a balance between excessive scientific rigor and a 

sufficiently systematic design which will yield reliable findings? 
 
4. Will the methods accommodate the skills and abilities of the multi-

disciplinary research team, and all other people involved in the 
process? Is responsibility for data collection equally shared among 
disciplines, responsibilities and levels? 

 
5. Will there be timely data turnaround to contribute to design of 

seasonal experiments, budget needs of administrators, training needs 
of Extension workers, and political needs of policymakers? 

 
6. Will the methods be conducive to a participatory mode? How will 

methods assure collaboration in design, field implementation, 
analysis of findings, identification of recommendations and 
dissemination of findings? 

 
7. Is the total design flexible enough to accommodate changes in the 

production system, in team members' observations, local community 
attitudes, national policies, etc.? 
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INTEGRATING DATA COLLECTION METHODS WITH EARLY FSR PHASES 
 
Most research efforts can benefit from the combination of several methods. 
Frequently, the strengths of one method compliment the weaknesses of 
another. For example, direct observation of animal feeding practices add 
clarity to a respondent's description of the same subject. A longitudinal 
study, along with household diary keeping, might provide seasonal 
insights, as well greater understanding of the impacts of social 
obligations and national policies on management behaviors. 
 
The overall data collection design should be "more like an umbrella of 
activity beneath which any technique may be used for gaining the desired 
information, and for processes of thinking about this information" 
(Schatzman and Strauss, 1973:14). 
 
On the following pages, attention is directed to the potential 
contributions of some of these methods to FSR activities. Emphasis is on 
activities that precede on-farm experimentation, however, his does not 
diminish the importance of data collection throughout the entire process. 
 
Hildebrand (1983a) refers to early phase activities as the "initial 
characterization" of the farming system. This involves the analysis of 
existing farming systems in close consultation with farmers. While this 
broader approach to early phase activities and data collection methods 
than does Hildebrand, the concept of "initial characterization" is a 
useful one. Although other informal data collection activities probably 
precede it. Hildebrand emphasizes the "sondeo" or rapid reconnaissance by 
multidisciplinary teams as the primary means of data collection in this 
early phase (see Shaner, Philipp, and Schmehl, 1982). 
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A slightly different approach is suggested by Byerlee and Collinson 
(1980). Secondary information sources are reviewed as background data. 
This is followed by an informal or exploratory survey by an 
interdisciplinary team. A formal survey is implemented later as means of 
verifying the quantifying the data obtained in the exploratory survey. 
 
There is an increasing amount of support for the need to design data 
collection approaches, particularly in the early implementation phases 
that minimize costs. Norman (1982) notes the importance of looking for 
ways to reduce time and resources, thereby utilizing methods that move the 
research through the various research stages, yet promote the degree of 
understanding that is necessary. 
 
Figure 2 proposes alternative data collection methods that might be 
considered at different points in the FSR problem solving process. Each 
activity has the potential of generating a certain type of information, 
and of contributing to the other practical needs of the project. 
 
Given the need to build national and local support and understanding of 
the approach, and to develop the needed commitments for institu-
tionalization, cost-efficient methods must also be suitable for broad 
participation. Participation not only contributes to knowledge and 
understanding, but also to skill development. 
 
1. LEGITIMIZATION OF THE FSR APPROACH 
 
The long-term success of an FSR program is dependent on local community 
acceptance and understanding of FSR activities. Similarly, there is need 
for support at national and regional levels. Local and national leaders, 
decision makers, and influentials must understand what is to take place, 
how it will involve them and those they represent, and what costs are 
rewards they may expect. The same is true of local and national Extension 
and research personnel who may be involved. 
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The best assurance that this will occur is participation--in program 
planning, implementation, and evaluation. Forming a "one-time only" 
advisory committee is not the answer. A plan must be developed to give key 
people responsible and continuing roles in the total process, and if 
necessary, to train them to fulfill these roles. 
 
Two central data collection methods have major applicability to the FSR 
approach. These are (1) the ethnographic interview and (2) the key 
informant method. A basic understanding of these will prove valuable 
throughout the project since they can be adapted to meet different needs. 
 
The Ethnographic Interview 
An informal, friendly interview method has been developed and tested by 
anthropologists. It is a relaxed conversational approach used to get to 
know key people from whom information is desired. The objective is to 
establish a friendly relationship which will build trust and understanding 
between interviewer and interviewee. It results in willingness to openly 
discuss particular topics, situations, or events (Spradley, 1979; Agar, 
1980). 
 
Ethnographic interviewing skills require careful listening, sensitive 
probing, the ability to show interest in others, and the capacity to 
remember what is heard. Advance planning of key discussion topics is 
helpful. Note-taking is best left until the discussions are over, and 
leave has been taken. 
 
Ethnographic interviewing techniques have applicability throughout most 
FSR activities. They are basic to all informal survey work (see for 
example Rhoades, 1982), and they can supplement the weaknesses of other 
methods. 
 
The skills are prerequisite to carrying out the key informant method, one 
of the most helpful methods of data collection in early legitimization 
activities. 
 
Key Informant Method 
A few carefully selected local people can serve as valuable informants 
about the local area or about an organization. This participatory approach 
can also help to legitimize the FSR program. If knowledgeable people are 
selected, 



537 
 

they can provide indispensable information about local farming systems, 
production problems, climatic change, historic events, social 
expectations, and community leadership. The same approach can provide 
valuable insights into Extension or research staff training, 
organizational structure and national policy. 
 
Selection of informant is critical. They must be willing and able to 
relate to interviewers, able to articulate their knowledge, and be 
informed about agricultural problems, the community and associated 
organizations. At the institutional level, they must have sufficient 
experience to be knowledgeable about all organizational levels and 
policies. This technique can be integrated with other methods, such as 
directed surveys or observation, to decrease the possibility of bias or 
data distortion. 
 
2. RESEARCH SITE SELECTION 
 
Once the criteria have been established to guide decisions about research 
area selection, information will be needed on which to base these 
decisions. Again, key informants in the local area can be helpful. Other 
methods should also be considered. 
 
Existing Data 
All available secondary information should be reviewed. This means 
searching Out census and statistical reports, development project papers, 
business forecasts, government documents, village administration records, 
office reports and files, and student paper's or theses. Obtain data on 
climate, soils, markets, prices, and credit. Look at local newspapers, if 
available. Even old photographs can reveal a lot. Agronomists should not 
confine themselves to agronomic studies. Neither should anthropologists 
look only at social science materials. 
 
Maps and Aerial Photos 
Land use maps, aerial photos, and relief maps can provide a quick overview 
of large geographical areas. This will help locate roads, waterways, 
settlements, and variations in soil type and topography. Open rangeland 
can be identified as can field sizes and types. 
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Windshield/Horseback Observation 
After reviewing existing data, the team should move around the area by 
vehicle or horseback. The purpose is to overview the area in a few days 
making broad, sweeping observations of terrain, soil, farm size, 
productivity, infra-structure (roads, transportation, markets, trade 
centers), crops and animals, farming practices, and social centers. 
 
Talk to farm family members and local leaders along the road, in the 
fields, at the market, and in the shops. If possible, see if the team can 
reach any consensus about farming system clusters or zones. Look for 
similar patterns or systems which will help group similar production 
systems together. 
 
3. PROBLEM ANALYSIS 
 
Allow adequate time for accomplishment of the preceding two phases. Proper 
legitimization and an acceptable research site will go a long way to ease 
the process of describing and understanding the specific farming system. 
If farm families understand the purpose of the research, and begin to 
identify with it through their own participation, the value of the data 
will be enhanced. Include the perspectives of local and regional Extension 
staff, researchers from experiment stations as well as those who are more 
field oriented, and middle and upper-level administrators. 
 
Problem analysis refers to understanding the total production system and 
how each subsystem is related to the others. It includes identification 
and prioritization of constraints and problems, and diagnosis of causes. 
 
Different people may see the problem in different ways, and in some cases, 
there may be a strong perception that there is no problem. This can occur 
when representatives of one discipline (i.e., crops research) feel that 
problem identification in their area of expertise is a threat to the 
quality of research that has been conducted to date. On the other hand, 
scientists may feel they already know the problem, arguing that this phase 
should be omitted. 
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It may require a considerable amount of dialogue to eventually "start 
where people are," at the same time proceeding with a more intensive 
problem analysis which includes understanding small-scale farm family 
members' goals, their adaptive research experience, and external factors 
that have a direct bearing on major problems. This doesn't mean carrying 
out an endless study of the total micro and macro system, however it does 
imply the need to understand the "big picture". Eventually a subsystem 
problem (or problems) need to be identified so that alternative solutions 
and the consequences of each can be examined. It is necessary to go 
through this analysis before setting goals and designing methods for the 
Solution Identification phase. 
 
It is at this phase that most of the methodological debate arises. The 
questions center On the pros and cons of implementing a less formal 
"sondeo" or rapid reconnaissance approach, or a more formal scientific or 
baseline survey. While each approach, or its modified version, can make 
certain contributions to problem analysis, it is important to understand 
the purposes of each, what each can and cannot do and the prerequisites 
that assure the most productive use of the technique. 
 
The "Sondeo" or Rapid Reconnaissance 
This modified survey approach is sometimes referred to as an exploratory 
survey, rapid rural appraisal rapid reconnaissance or "sondeo." All have 
some elements in common. The purpose is to generate rich, insightful data 
about the total production system in a relatively short period of time. 
This responds to the need for a low cost-low resource approach, and the 
need for assuring that a systems approach is incorporated. The "sondeo" 
can also incorporate a broad base of participation and communication into 
the problem analysis phase. 
 
The "sondeo" relies on ethnographic interview skills. A minimum of notes 
are used during the discussions. Small multi-diciplinary teams, of which 
farm family members are an integral part, do the interviewing. After the 
interviews are over, the team attempts to reach agreement about what has 
been discussed or observed. The informal interview should describe the 
current production system, include an understanding of why this has 
evolved, clarify family goals and aspirations, highlight possible 
constraints to production, and point to potential solutions. 
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"Sondeo" teams are composed of mixed-interest pairs, for example an 
agronomist and an economist. The teams scatter, meeting at mid-day, 
discussing and interpreting findings, then switching partners for the 
afternoon's interviews, and reaching consensus again. Approximately four 
days are spent this way with a minimum of four interview discussion 
sessions. Individuals summarize their Own findings, returning to fill in 
data gaps as necessary. Eventually, a group report is developed (Shaner, 
Philipp, and Schmenl 1982:289-293). 
 
Table 1 outlines some of the potentials and limitations of the "sondeo" or 
rapid reconnaissance approach. The degree to which these apply depend on 
how the method is organized, who is involved, the quality of training 
preceding implementation, and the individual characteristics of team 
members. 

 
Table 1. The Potentials and Limitations of the "Sondeo" or Rapid 

Reconnaissance Approach 
 

The "Sondeo" or Rapid Reconnaissance 

 
Can 

 
• Provide deep understanding of 
specific situation, i.e., one 
farming system 

 
• Be analyzed by group consensus 
 

• Be done by people with diverse 
backgrounds and experiences 
 

• Incorporate "bottom-up" or micro 
perspective (or vise-versa) 
 

• Result in biased information 
 

• Provide rapid data turnaround 
 

• Get side-tracked with extraneous 
information 
 

• Be low cost 
 

• Facilitate participation and 
communication 
 

• Provide qualitative data 

 
Cannot 

 
• Be generalized to large 

population 
 

• Be applied to random sample 
 

• Be done without good leadership. 
organization and training 
 

• Guarantee confidentiality 
 

• Generate all the answers, i.e., 
quantitative 
 

• Provide quantitative data for 
statistical analysis 
 

• Guarantee objectivity 
 

• Assure that ail perspectives and 
situations are reflected 
 

• Guarantee equal treatment to all 
respondents 
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The major prerequisites assuring successful application of this technique 
are: 
 
• Advance legitimization 
• Team members' skills in ethnographic interviewing 
• Selection of team members (including key informants) 
• Training of team members 
• Team members' knowledge of research site(s), e.g., agronomic, climatic, 

socioeconomic, physical environment 
• Ability of team to reach agreement in a short time period 
• Availability of team members for intensive field work 
 
The Baseline Survey 
 
Surveys, in their pure form, are intended to describe the distribution of 
people in a population who have one or more designated characteristics. 
This is done by first identifying a population of interest, and second, by 
collecting information from a subset determined to represent the entire 
population. 
 
A survey is a more formal approach to data collection, although the 
technique can be modified in many ways to produce the desired information. 
For example, a survey can be conducted by personal interview, mail, 
telephone or a combination of these approaches. Generally, surveys are 
prepared ahead of time in a structured questionnaire-type format. Surveys 
are designed to obtain respondents' opinions or attitudes about particular 
events, situations, or experiences. Responses can be elicited in either 
open or closed-ended questions. All respondents get the same questions. 
The length of the survey, the sample size, and the question being asked 
will determine the type of analysis procedures necessary. 
 
Baseline surveys have frequently been conducted in affiliation with large 
agricultural development projects. They generate a vast amount of 
information about a wide variety of topics, and they cover wide 
geographical areas. The Lesotho Basic Agricultural Services Program 
(BASP), within the Planning and Evaluation Division of the Ministry of 
Agriculture, implemented a baseline survey which included data about the 
household, farm resources, cropping practices and production, and 
marketing. It sampled the ecological areas and 
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35,000 families. The purposes of this survey were to provide: (1) 
conventional benchmark data describing the structure of smallholder farms 
in terms of resources and organization and to determine production output, 
yield, and income, and (2) information on production techniques and 
input/output relationships (Steele and Winch, 1981). 
 
There are some circumstances when a baseline survey is justified, for 
example when there is little or no existing information about an area. A 
baseline survey may be required to help evaluate project benefits. In some 
circumstances there are other purposes for a baseline survey. The Lesotho 
Farming Systems Research Project conducted a baseline survey in 1980 which 
was intended: 
 
1. To provide a quantifiable description of farming practices, including 

marketing, extension and family nutrition, in three different 
ecological the each ranging in size from 14, 800-23, 500 acres 

 
2. To provide a current description of area population 
 
3. To identify production constraints 
 
4. To identify better methods of providing agricultural technical 

information to farmers 
 
5. To create an on-the-job training laboratory in field survey methods 
 
6. To increase area farmer involvement in, and understanding of, the  

project (Butler, 1932). 
 
In the Lesotho situation, there was little existing information about the 
three ecological areas in which the FSR program was initiated, therefore, 
the first two purposes are reasonable expectations. The baseline survey 
also served a useful purpose in training staff in survey methods, and in 
giving selected personnel firsthand experience in survey design, 
interviewer training methods, field supervision, and data analysis. 
Complete statistical analysis became difficult to carry out in-country, 
resulting in transfer of the task to the Washington State University 
campus. 
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Some of the other purposes can be questioned. Probably too much was 
expected of this one method. Other methods such as use of key informants, 
diary keeping, or the "sondeo", might have been used to greater advantage 
after skills in survey methods had been learned. It is doubtful that the 
"sondeo" could have been carried out in the early stages of program 
implementation with a similar high level of National staff involvement. 
This is partly due to the limited availability of trained agricultural 
research personnel. 
 
The Lesotho baseline survey not only was difficult to analyze under local 
conditions, but the amount of time required for this process (almost one 
year) added to the improbability that the information will ever be put to 
effective use. The entire process of survey design, training, 
implementation and analysis consumed approximately 21 months and a 
comparable high percentage of social science staff time. Part of the 
potential for data use was diminished by project staff turnover before 
data analysis was complete. 
 
Major potentials and limitations of the baseline survey are outlined on 
Table 2. The greatest difficulty in utilizing this technique in FSR 
settings are associated with the uniqueness of the working environment. 
Normally, there are difficulties associated with cross-cultural 
communication. These become even more difficult to deal with in a survey 
instrument. Some people are sensitive to being excessively surveyed. 
Others are unaccustomed to having their privacy invaded. Therefore, the 
baseline survey requires more rapport-building than is probably practical. 
Another major difficulty lies with local resource limitations. Frequently 
these constraints prevent timely data turnaround. This is a major handicap 
where early visibility is a must. 
 
If a baseline survey does seem to be a useful FSR problem analysis 
technique, it will be more helpful to the FSR program if: 
 
• Purposes are limited 
• Directed to one population, production subsystem, or problem area 
• Length is limited 
• Responsibility for survey is assumed by a multidisciplinary steering 

committee, rather than a single discipline 
• The organizer has a strong background in local languages and cultures 
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Table 2. The Potentials and Limitations of the Baseline Survey Approach 
 

The Baseline Survey 

 
Can 

 
• Be generalized to large population 
 
• Provide wide range of information 

about population characteristics 

• Random sample 

• Be statistically analyzed 
(quantitative) 
 

• Involve entire population 
 

• Achieve confidentiality 
 

• Be conducted by non-academics 
 

• Be expensive (time input) 
 

• Be inexpensive (population 
represented) 

• Be subject to cross-cultural 
communication problems 

• Be adapted to resources, problem, 
desired responses, etc. 

 

 
Cannot 

 
• Provide problem depth and insight 
generated by personal rapport 

• Guarantee accuracy/reliability of 
recall data (one time perspective) 

• Guarantee participation of all 
respondents selected 

• Be analyzed by untrained personnel 

• Assure high level team participation 
(i.e., cross-discipline, cross-
social strata) 

• Assure reliability without quality 
leadership/organization 

• Always assure fast data turnaround 

• Always assure that the right 
questions are asked the right way 

• Be easily adapted to problems of 
developing nations (technology, 
education, infrastructure) 

 

Observation 
 
Systematic observation methods supplement data obtained by interview or 
family record keeping. For example, an observer who spends a lot of time 
with a family may learn what influences the family's decisions about when 
to plant, to whom to give gifts, or where to graze livestock. More can be 
learned about use of indigenous plants, social networks and cultural 
norms. Frequently, this kind of data is not generated by a structured 
survey or informal inter- view because the survey designer or interviewer 
does not know the right questions to ask. 
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Observation can be conducted (a) as a full participant in the farm 
family's activities; (b) through systematic visits to the farm at 
selected times, or (c) as an unknown observer who attempts to 
"eavesdrop" without people being aware they are being observed. 
 
Like any other method, observations must be planned in advance. You must 
know what you are looking for. Webb et al. (1966) describes some of the 
more subtle indicators that can be observed. For example, clothing, 
manners, or foods consumed might describe social status. Body gestures or 
movements, and facial expressions depict emotions such as tiredness, 
illness, frustration, and competence. Body language may differ between 
sexes, age groups, or social classes. Physical location of homes or fields 
may signify social status. Seating arrangements and group conversational 
patterns may do the same. 
 
4. SOLUTION IDENTIFICATION 
 
One of the major goals of FSR is to identify improved technologies or 
practices that the farm family is willing and able to accept. The views of 
the farm family are central to the research process, therefore, the search 
for problem solutions must, according to Norman (1982), be done in such a 
way as to determine: 
 

1. The necessary conditions under which the farm family will be able 
to adopt the changed practice, for example, technical feasibility, 
social acceptability and compatibility with community/national 
institutions. 

 
2. Sufficient conditions under which the farm family will be willing 

to adopt the changed practices, for example, the need for 
compatibility between family goals and attitudes, the new practice 
and the current production system. 

 
The primary means of generating data about the acceptability of 
alternative practices is through on-farm experiments. The design of this 
activity will vary with local conditions, and with current state of basic 
research. It may be appropriate, for example, to include the experiment 
station as one research 
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site in addition to small-scale limited resource farm sites. This is 
especially important if the area has a history of experiment station work 
directed to local production problems, and a well developed research 
institutional structure. 
 
Other data collection activities can be advantageously combined with on-
farm experiments to further assess social and economic feasibility. 
Experiments can be monitored with systematic observation, family diary 
keeping or extension agent case studies. Continuing farm or enterprise 
records can provide a longitudinal picture of labor and other resource 
availability, and crop production and yield. Participant observation 
techniques combine well with record keeping when household or community 
information is desired, for example among pastoral populations, and in 
relation to livestock production and range management. Traditional 
experiments may have less value in these circumstances. 
 
On-Farm Experiments 
The purpose of on-farm research is to involve farm family members in the 
generation, evaluation and dissemination of improved production practices. 
The aim is to conduct a major portion of the biological research in the 
local area, ideally on small-scale limited resource farms, with farm 
family members assuming major management and decision making 
responsibilities. Although experiments frequently begin as "researcher-
managed" trials, eventually the goal is to have farmers manage the 
experiments themselves "in order to assess the acceptability of the 
technology when it is completely under their control" (Hildebrand, 1983b). 
 
Hildebrand (1983b) outlines a flexible sequence of FSR/E2 steps into which 
on-farm trials fit. The author notes the parallel between this sequence 
and the informal adaptive research that farm families have always done. 
The major steps are: 
 
 
 
 
 
 
 
 
 
 
 
2/ FSR/E is a term developed by the Farming Systems Support Project to 

describe the Farming System Research and Extension Approach. This is 
contrasted to FSIP or the Farming Systems Approach to Policy and 
Infrastructure Support. 
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1. Initial characterization and analysis of existing farming systems. 
 
2. Planning and design of early, phase work, including biological 

research and continuing agro-socioeconomic characterization. 
 

3. Selection, generation, and evaluation of technologies, including (a) 
commodity and discipline research on experiment stations and in 
laboratories; (b) researcher-managed on-farm trials with farmer 
participation. Researcher-managed on-farm trials can include 
exploratory trials, site-specific trials, regional agronomic trials 
and agro-socioeconomic trials, (c) farmer-managed trials incur-
porating farmer evaluation of acceptability, refined partitioning of 
recommendation domains by researchers and initiation of technology 
transfer 

 
4. Information accumulation and analysis including (a) agro-technical 

data from on-farm/on-station trials, and (b) farm enterprise 
records. 

 
5. Re-evaluation of research information. 

 
6. Extension of acceptable technology. 

 
On-farm experiments are not intended to be a substitute for research 
station or laboratory research. Rather, this is a way of extending the 
value of these findings to users, and a means of improving two-way 
communication between small-scale farm families, researchers, and 
Extension workers. This is more likely to occur if researchers, Extension 
workers, and farmers are involved from the onset in experiment design, 
implementation, and monitoring. 
 
Knowledge about alternative practices will be more naturally transferred 
through this collaborative team participation. Extension of knowledge and 
technology should not be relegated to the last step. 
 
Farm/Enterprise Records 
The value of farm or enterprise record keeping is strongly supported by 
Hildebrand (1983a) and other agricultural economists associated with FSR. 
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According to Shaner et al. (1982:214), farm records are "for FSR&D, the 
type of accounts kept by members of the farm household on specified 
activities associated with individual crops or animal types. Input and 
output activities are often kept daily, with farmers sometimes receiving 
help from the field team's technical assistants." 
 
Whether a field assistant or a farm family member maintains the records, 
they represent a systematic means of recording quantifiable data over 
time. Records can be maintained on a wide variety of production and 
management activities such as work done by month or season, people 
involved in the tasks, equipment used, wages or commodities paid out, 
inputs applied and acreage (fields) involved, and crop results. If well 
organized and clearly understood by the recorders, the technique can be a 
useful tool for helping in the search for more appropriate practices and 
technologies. 
 
In the Lesotho Farming Systems Research Project, Plath (1981) conducted a 
farm records program in which he trained field assistants to maintain 
records on 117 farmers residing in three ecological areas. These 
assistants did not possess a high level of agricultural training. Most had 
a diploma or less, however, they were versed in local agricultural matters 
and they had excellent farmer rapport. Visits were made to farmers once or 
twice a week. This helped ease the potential problems of farmer recall, 
motivation to keep records, and illiteracy. 
 
Probably farm record keeping is most effective when limited to specific 
subsystems or enterprise systems, and when combined with other data 
collection methods. For example, records could be productively kept in 
association with on-farm experiments, or they could substitute for a 
baseline survey and be initiated following a "sondeo." Table 3 outlines 
some of the strengths and limitations of this approach. 



549 
 

Table 3. The Potentials and Limitations of Farm Record or Enterprise  
  Record Keeping 
 

Farm or Enterprise Records 

 
Can 

 
• Be statistically analyzed 

(quantitative) 
 

• Can involve farm family members 
and other local people 
 

• Can provide the farmer with an 
analysis of his/her production 
system 
 

• Be effectively combined with other 
data collection methods, e.g., 
"sondeo, " experiments 
 

• Be limited to specific enterprise 
or subsystems 
 

• Be adapted for less literate 
participants (see Shaner et al., 
1981) 
 

• Help identify constraints, 
problems, alternative solutions 
 

 
Cannot 

 
• Be generalized to large population 
unless participants are randomly 
selected 
 

• Be done without good organization 
and leadership (requires training) 
 

• Assure farmers' willingness to 
participate (rewards may be 
lacking) 
 

• Provide the depth needed to answer 
all the "whys" 
 

• Guarantee reliability of recall 
data 
 

• Easily be adapted to 
interdisciplinary team effort 
 

• Provide fast data turnaround 
 

 
5. EXTENSION INTEGRATION 
 
The integration of Extension should begin at the onset of the FSR program. 
The effective accomplishment of this will depend a great deal on data 
collection. This will help to identify existing capabilities and attitudes 
of Extension staff. It will help identify new or adapted Extension roles 
in the FSR program, and areas of needed training and support.  
 
Data collected through the "sondeo" or other farmer-oriented survey 
techniques can be helpful in the design of educational strategies. The 
Extension worker, who has first-hand knowledge of the farm family's 
situation, and of community organization, can be an asset on the research 
team in assuring that participatory learning experiences are built in 
continuously at each phase of the problem solving process. 
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Informal techniques such as organized group discussions (i.e., nominal 
group process) or key informant panels can provide quick and useful 
information about how people see problems and solutions, and about 
existing levels of knowledge and skills. Life histories collected from 
early adopter farmers, or less successful farmers, can identify 
appropriate training methods, reasons for nonacceptance of specific 
recommendations, important leadership patterns which could influence 
adoption. The "sondeo" can be used to assess potential designs for 
experiments, and the consequences of these. 
 
This kind of data is critical to the entire process of FSR program 
planning and evaluation. Since Extension workers are sensitive to local 
people's needs and community norms, they can help to assure that methods 
are designed to include appropriate farm family members, such as women, 
and influential local leaders. These methods, if well designed, can be 
multi-purpose. They can provide reliable information and they can impart 
valuable skills and knowledge to those who participate. 
 
CONCLUSIONS 
 
All farming systems activities involve data collection of some kind. In 
order to meet the primary objectives of the approach, and to correspond 
with FSR philosophies, data collection must be planned and carried out in 
cost-efficient and human resource-efficient ways. Methods must produce 
useful information, but with reasonable time and energy inputs. At the 
same time, they must facilitate the practical needs of the FSR program. 
 
This paper has attempted to present the FSR approach as a practical 
problem solving process which can be adapted to the realities of 
implementation. No two implementation settings are alike. An area's 
history of experience is vastly different. As a result, it gives rise to 
unique national and local institutional structures. The social and 
cultural situation demands certain approaches to involvement. For example, 
the concept of "bottom-up participation" may appear to be in direct 
conflict with social and cultural norms. This may necessitate compromises 
in method or it may indicate the limited nature of our observations. The 
current political atmosphere, as in Southern Africa, may stimulate revised 
public attitudes about participation, for 
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example, more Nationals and more women assuming major leadership roles and 
responsibilities. 

 

Five practical needs are identified which should be integrated into the 
data collection design. Whatever the method of data collection, the 
technique should be viewed as a tool to facilitate:  
 
1. Systems Framework 
2. Participation and Communication 
3. Learning Laboratory 
4. Reliable Information 
5. "Bottom-Line" Decision-Making 
 

The strengths and limitations of each alternative data collection method 
should be weighed to assess the potential contributions that each can 
make. It is dangerous to become "married" to one method. A combination of 
methods tends to be the best approach. This endorses the value of the 
multidisciplinary team input to design. This includes farm family members. 
If the approach doesn't make sense to all team members, this is a sure 
sign of the need to revise the strategy. 
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Figure 1. Farming systems research problem solving process.  There is no 
definite sequence to these interrelated activities. Some may proceed 
simultaneously while others may receive less attention depending upon the 
state of existing knowledge and organization.  The Extension phase should 
be integrated from the onset, not left to the end when specific 
recommendations become available. 
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Figure 2. Alternative data collection methods that may be considered in 
the FSR problem process. 

 

 



556 
 

SOME METHODOLOGICAL ISSUES IN EXPLORATORY FARMING SYSTEMS RESEARCH: 
CRSP EXPERIENCES IN ECUADOR 

 
Patricia Garrett 

 
The development of an effective and economical methodology for 

farming systems research has been a principal objective of the 
collaborative relationship between Cornell University and the Instituto 
Nacional de Investigaciones Agropecuarias (INIAP). Fieldwork in Ecuador 
has been conducted using two interview procedures, and these experiences 
suggest guidelines for farming systems research methodologies. 

 
The strategy recommended is to begin with regional analysis using 

structured interviews with informants. This should identify researchable 
problems and locate zones which are particularly suitable for specific 
research and extension activities. In regions which will actually receive 
services, socioeconomic variation should be studied using survey research 
techniques. 

 
Regional variation can be tapped by the analysis of secondary data 

and the judicious use of informant interviewing. The term "secondary data" 
refers to information which is available in archives or in published 
sources. It includes maps (e. g. soil types and land use), censuses (e.g. 
agricultural), and annual reports (e.g. precipitation by reporting 
station). Secondary data reflect patterns within administrative regions. 
Field research should build on this knowledge by delineating subregions. 
Those interviewed are treated at "informants," because they are asked to 
report on how people like themselves organize farming and relate to 
outside institutions. 

 
Informant interviews can tap regional variation, provided that major 

subzones are identified by prior analysis of secondary data and that 
informants are interviewed with respect to practices in subzones. Such 
interviews should identify problems which are directly and immediately 
relevant to smallholders. The agenda of smallholders can then be 
considered by researchers and extensionists who serve these regions. 
Informant interviewing can, therefore, provide valuable information to 
commodity research programs. 

 
 Socioeconomic variation can be measured by probabilistic sampling 

and by appropriate questionnaire design. Typically, the most serious 
problem with survey research techniques is securing an appropriate list 
from which to sample. If individuals are to be interviewed about their 
personal practices and if their responses are to be mathematically 
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manipulated, individuals must be statistically representative of some 
"universe." 
 

If the problem of random sampling can be resolved, questionnaire 
design itself is relatively easy. Regional analysis suggests how farms 
vary, and this provides the information necessary to write questionnaires. 
Our experiences suggest that questionnaires should be developed for major 
strata, including large, medium, and small scale producers. The purpose of 
developing multiple questionnaires is to learn how different social groups 
organize agricultural production and how they relate to each other. Such 
information allows one to put farming systems in their social and 
institutional contexts. 

 
The general conclusion we draw from our initial Ecuadorian 

experiences is that different methodologies should be used for different 
units of analysis. Data collection procedures should vary according to 
concern with regional or socioeconomic variation. An adequate design for 
farming systems research should combine informant and survey research 
techniques. 

 
The argument as it is sketched here was not formulated prior to 

initiating field research. Rather, it emerged and evolved as work 
continued. During the first phase of CRSP research (Summer, 1982), it 
appeared that one could obtain valid information about subregions using 
structured interviews with informants. During the second phase (Spring, 
1983), therefore, this perception was evaluated by restudying one zone 
using survey research techniques. Initially, concern was to determine if 
informant interviews provided reliable information. Subsequently, concern 
with reliability broadened. It became clear that structured interviews and 
questionnaires had specific strengths and weaknesses. 

 
Preliminary research has demonstrated to our satisfaction that much 

of the information needed to orient research to smallholders' problems can 
be elicited using the economical technique of structured interviewing. The 
importance of preparatory analysis of secondary data and the treatment of 
respondents as informants are central to this recommendation. Other 
information necessary to deliver services to communities can only be 
obtained using survey research techniques. Sensitivity to strata 
differences is critical here. These are economical but intellectually 
justifiable guidelines for the conduct of re-intervention farming systems 
research. 
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ON—FARM EXPERIMENTS IN FARMING 

SYSTEMS RESEARCH 
 

Clive Lightfoot 
 

This paper argues that the conventional on-farm experimental methods 
employed by many Farming Systems Research programmes are inappropriate to 
FSR because they lack its essential components. It is suggested that on-
farm experimental methods which do have the unique characteristics of FSR 
should be developed. To this end, an illustration is provided by an 
experimental method and by some analytical techniques. The argument is 
developed in two parts. The first part describes conventional on-farm 
experimentation and the unique characteristics of Farming Systems 
Research. This is followed by a demonstration, with the aid of examples 
from FSR programmes in Southern Africa, of how conventional on-farm 
experimentation does not satisfy the special requirements of FSR. The 
second part describes an experimental method based on the super-imposition 
of treatments on to existing crops. A range of analytical techniques is 
also described. These descriptions show how on-farm experimental methods 
can incorporate the unique characteristics of FSR. 

 
On-farm experiments have been a part of national and international 

research programmes for many years. These conventional on-farm experiments 
were primarily developed to examine 'site effects' on largely known 
biological parameters. A typical example would be the FAO's fertilizer 
programme. Thus those experiments were largely miniaturized research 
station experiments. They were randomized block designs of two or more 
replicates with four or more treatments, which were sometimes even 
factorially structured. Adequate precision in the data was guaranteed by 
enormous research input into the management and implementation of each 
experiment. This forced researchers with limited resources into conducting 
a few complex experiments on a handful of farms. The farmers' involvement 
in these experiments would usually extend only to the lending of land. 
Being good biologists, the researchers only made those measurements 
necessary to test their hypotheses, so grain yield per hectare was the 
principle criterion of evaluation. This method of on-farm experimentation 
was successful insofar as it produced information on the effects of site 
on biological parameters. Farming Systems Research however, goes far 
beyond the determination of site effects on biological parameters. Not 
only must this be understood but also be placed in a perspective with 
economic and social parameters, more especially as FSR is immediately 
concerned with adoption rather than the description of biological response 
curves. Herein lays a major difference between FSR and other types of 
agricultural research. 
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Farming Systems Research was first specified by Norman in 1976 at a 
seminar in Mali on 'Improved Agricultural Production Systems' (Institut 
d'Economie Rurale, 1976) and later more fully developed by Norman (1980) 
and Collinson (1982). This development naturally borrowed ideas from 
current research and so some research projects that resembled FSR were not 
called FSR and conversely some research was called FSR but obviously, by 
its methods, was not. In an attempt to reduce the confusion of what was 
and what was not Farming Systems Research, Norman outlined seven unique 
characteristics to FSR which he called 'common elements'. The intention 
was to maintain the unique identity of FSR even though research programmes 
may have different names. Of these seven 'common elements', three are 
pertinent to the processes of on-farm experiments. They are 
multidisciplinary involvement, farmer participation and evaluation 
relevant to the farmer. 

 
So far, the major developments in Farming Systems Research have been 

in the fields of socio-economic investigations. This is hardly surprising 
as FSR was developed solely by economists. Development in the technical 
component has limited itself to merely borrowing wholesale from the 
existing methods of conventional on-farm experimentation. The following 
set of examples shows how these conventional on-farm experimental methods 
neglect the unique characteristics or 'common elements' of Farming Systems 
Research. 

 
Although the examples are taken from arable enterprises of FSR 

programmes in Zambia and Zimbabwe, the experiences are not uncommon to 
those of other programmes (Lightfoot, 1982 and 1982a). The complexity of 
field layout and treatment structure in conventional on-farm experiments 
makes these experiments hard for farmers to understand, mainly because 
they are so foreign to their experience. Not only does such complexity 
inhibit farmers' understanding but also farmers' participation in 
implementation. Thus researchers are bound to plant the crops and carry 
out the treatments; here, the logistical problems of communication and 
transport between the centre and experimental sites virtually ensures that 
experiments are rarely planted at the optimum time. Thus in Zambia and 
Zimbabwe, it was not uncommon to see farmer planted crops in better health 
than the research crops, purely because they were planted at the right 
time. Such poor growth of research crops can easily confound the results 
of conventional experiments. For example, nitrogen top-dressing of maize, 
normally providing a large yield response, had no effect when applied to 
an unhealthy crop. As a result, the analysis across all sites proves 
inconclusive. The inflexibility of these experiments can reduce 
experimental precision such that conclusive results are difficult to 
obtain. To make matters worse, farmers are unlikely and certainly would be 
recommended not to top-dress a poor maize crop. Another example of 
confounding is offered in weeding experiments, where the weed burden is 
negligible at some sites and therefore the benefits of weeding become 
unclear. 

 
The likelihood of inconclusive results is further increased by the 

considerable risk of experimental failure and the unavoidably small 
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number of farms used. Experiments can fail for a variety of reasons, one 
of the more common being crop damage by livestock. On one occasion in 
Zimbabwe, the farmer was responsible for the failure of a tillage 
experiment. These farmers decided to weed the plots at crop emergence 
thereby losing information on the all important tillage weeding 
interaction. The difficulty farmers have in understanding complex 
experiments is further illustrated in the following example. Another 
farmer running the same tillage trail found that there was little 
difference in growth of single and double ploughed crops. To the 
researcher, this meant that the return to draught power had been increased 
but the farmer did not appear to appreciate this. Such misunderstanding 
could have arisen if draught power was not a limiting resource but it was 
more likely that the farmer did not understand the experimental objective. 
Either way, the researcher would have benefited from the involvement of 
the farmer. 
 

Those examples show that, not only are conventional experiments 
difficult to implement and interpret but also that they offer little 
chance for farmers' participation, which is one of the important features 
of FSR. Obviously, using farmers' land involves a level of farmer 
participation and it is likely that some dialogue between technologist and 
farmer occurs during the implementation of these experiments; however, 
this dialogue is limited by the training of the technologist. In order to 
attain a useful depth of dialogue, some input by appropriately trained 
social scientists is necessary. 

 
The importance of co-operation between the disciplines is further 

illustrated by the inadequacies of conventional evaluation of experimental 
results. Conventional evaluation almost exclusively employs mean grain 
yield per hectare as the sole criterion for the assessment of 
technologies. There are several deficiencies associated with slavish use 
of this measure. Firstly, farmers in variable environments are most likely 
to be interested in the range and stability of performance. In addition, 
from the statistical viewpoint, means of variable data are of dubious 
value. Secondly, cash or nutritional value may be more relevant returns 
than grain yield. Finally, farmers may seek to maximize returns to more 
limiting resources such as labour and capital, than to the land. However, 
selecting a criterion or a combination of criteria most appropriate to the 
farmer requires knowledge outside the scope of the technologist. Hence the 
importance of co-operation between technologists and social scientists, 
whose job it is to provide that knowledge. 

 
In conclusion, conventional on-farm experimental methods and 

analyses are difficult to implement and the results difficult to 
interpret. They also offer little scope for meaningful farmers' 
participation and co-operation between the disciplines involved. This 
paper proposes that new experimental methods must be developed to overcome 
the difficulties described and incorporate the unique features of FSR. The 
following on-farm experimental method and analyses are presented to 
illustrate more appropriate methodologies for Farming Systems Research. 
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The on—farm experimental method entails the super-imposition of 
treatments or technologies on to the appropriate existing crop or soil 
condition. For example, to test the benefit of nitrogen top-dressing of 
maize, an area of healthy maize (i. e. a crop that farmers would be 
advised to top—dress) is bisected and one half receives nitrogen. 
Objectivity in selecting which half gets the nitrogen must be ensured by 
the random allocation of treatments. Another example of a technology that 
lends itself to super—imposition is weeding. At the time of first weeding, 
an area with the appropriate weed burden (especially important if 
parasitic weeds are involved) is selected and divided into control and 
treatment plots. More complex treatment structures than presence or 
absence can be used only if the farmer understands them. Replication is 
achieved between farms and not within farms (for statistical reasons never 
by a mixture of the two) which will require an increase in the number of 
participating farms. For reasons of statistical precision [adequate error 
degrees of freedom for testing variance ratios) at least twelve farms are 
required in two treatment experiments but seven in three treatment 
experiments. Although it is hard to imagine, difficulty in locating enough 
farms with the right crop conditions would present problems here. The 
simplicity of this experimental method permits farmer implementation. 
Ideally, the inputs of seed, fertilizer or whatever are given to the 
farmers and they then implement the treatments. The researchers' 
involvement extends to the selection of the area, instruction on the 
methods of treatment implementation and some checking on the accuracy with 
which the experiments are conducted. Of course, all measurement and data 
collection are the responsibility of the researchers. 

 
The shift in level of input from the researcher to the farmer in the 

super—imposed method increases the scope for farmer participation and 
gives time for researchers to contact many more farms. This can only 
result in more rigorous and more precise testing of technologies. Farmer 
implementation in the appropriate conditions on many farms can improve the 
timeliness of operations, reduce the degree of variation and increase the 
number of data points for analysis. Farmers' participation, an important 
feature of FSR, could be deepened by soliciting the farmers' reactions to 
the technologies. The depth of such questioning is likely to be greater 
when conducted by researchers trained specifically in this area, again a 
point of contact between the disciplines. 

 
The importance of co-operation between technical and social science 

disciplines is further emphasized in the analysis of experimental results. 
In the variable environmental conditions that prevail throughout the semi-
arid tropics, farmers are more likely to be interested in the stability of 
technologies rather than their average performance. While stability can be 
defined and measured in many ways, only three methods are presented here. 
Firstly, the likely range of outcomes can be estimated by interquartile 
ranges and confidence intervals. In other words, the situation in which 
technologies perform poorly and those where they perform well are measured 
and defined. In 
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this way, crop failures that were usually put to one side become useful 
results. The variation in the performance of technologies across different 
environments, (i.e. on different farms) can be estimated by the regression 
of outcomes against an appropriate index of the environment. Lastly, the 
risk of crop failure to farmers who adopt new technologies can be 
estimated by calculating the probability of failing to achieve specified 
disaster outcomes. The relevance of such estimations to farmers can only 
be ascertained by consultation between social scientists and the farmer. 
The same applies to the selection of returns, (grain, cash, calories, 
etc.) and to resources, (land, labour, capital, etc.). Such consultation 
increases the chance of technology assessment being relevant to the 
farmer. Thus, the remaining important feature or common element of FSR, 
technology assessment relevant to the farmer, is addressed by the 
analytical techniques described. 
 

In conclusion, the superimposed experimental method and the 
analytical techniques described incorporate the unique features of Farming 
Systems Research. Participation of the farmer is ensured by farmers' 
implementation of the treatments and by consultation for the evaluation of 
technologies. In such consultation, the evaluation of technologies is made 
more relevant to the farmer. Lastly, co-operation between technical and 
social science disciplines is engendered by their interdependence for 
specific kinds of information. In addition, this experimental method makes 
the implementation of on-farm experiments easier and can increase the 
precision and rigor with which technologies are tested. 

 
Obviously, the experimental method described here has limited 

application since not all technologies can be tested by super imposition. 
Indeed, if this method is restricted to simple presence or absence 
studies, there is a distinct danger of slipping into purely demonstration 
work. For such studies to retain their title of research, the results must 
add to the existing body of knowledge. Here, the facility of conducting 
many experiments could greatly increase the supply of technology options 
for extension. More experiments and thus more participating farmers will 
also mean more direct beneficiaries of the research programme. The 
analytical techniques described make greater use of the data produced, but 
again their applications are limited. The details of analysis are always 
peculiar to each experiment. The intention here is to show that on-farm 
experimental methods which include the unique features of FSR can be 
developed. Technologists should not consider themselves, or behave as if 
they were, straight jacketed by conventional on-farm experimental methods. 
FSR does have unique characteristics, thus new experimental methods are 
required to reflect this. By paying greater attention to farmer 
participation and interdisciplinary co-operation, researchers will stand a 
greater chance of developing on-farm experimental methods that are true to 
the principles and spirit of Farming Systems Research. 
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MEASURING THE BENEFITS OF SUBSISTENCE VERSUS 
COMMERCIAL LIVESTOCK PRODUCTION IN AFRICA 

 
Roy Behnke, Jr. 

 
INTRODUCTION 
 

Farming Systems Research projects are predicated on the attempt to 
increase the welfare of small farmers (Norman and Gilbert, 1981). In 
practical fact, these attempts usually promote technical interventions 
which would increase farmers' cash incomes while increasing their 
dependency on agricultural input and output markets (Baker et al., 1983: 
6; Norman et al., 1982: 131). With regards to African livestock 
development, the tendency within FSR to promote commercial production is 
reinforced by national policy goals which stress the need to produce 
marketable livestock commodities in order to generate export earnings, 
provide meat for urban populations, and reduce the number of animals using 
"over-stocked" pastures (Shapiro, 1979; Jahnke, 1982; Sandford, 1983). 
 

It is therefore imperative that FSR develop quantitative techniques 
for assessing the relative benefits of commercial versus subsistence 
livestock production, for at least two reasons.1 First, these assessments 
will be a critical aspect of project evaluation and estimations of project 
success in meeting the goal of increased producer welfare. Second, such 
comparative studies will be a tool for predicting whether farmers and 
herders will actually benefit and hence be prone to adopt technical 
innovations requiring increased commercialization. 
 

The present paper examines three different methods for measuring the 
benefits of commercial versus subsistence forma of livestock husbandry: 
 

i. One can assess animal performance through the use of  
   biological measures of herd productivity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1This analysis pertains only to extensive pastoral and agro-pastoral 
production systems based on natural grazing resources in arid Africa. 
Small—scale livestock farming primarily dependent upon fodder and crop 
residues may present complications which have not been examined here. 
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ii.  One can seek economic measures of the profitability of the 
 herding enterprise. 

 
iii.  Finally, one can compare the dietary and nutritional status of 

 human populations engaged in different forms of livestock  
  production. 
 

This analysis will show that each system of evaluation has its own 
strengths and weaknesses, and that the various systems do not necessarily 
produce comparable results. As a practical rule, therefore, we should 
favor a combination of measurement techniques whenever possible, and when 
his is not possible, exercise considerable skepticism in evaluating the 
results of any unidimensional comparison. A second less obvious but 
equally important conclusion will emerge from the following analysis. In a 
cross-cultural setting, it is impossible to insulate the apparently 
"objective" task of measuring productivity, profit or welfare from the 
supposedly "subjective" task of assessing farmers' goals and motivations. 
Each of the measurement techniques examined here portrays a limited 
segment of the total environment which conditions producer decision-
making. These measurements will have predictive value only to the extent 
that they mirror criteria farmers themselves employ in reaching decisions. 
Like technical interventions, methods of measurement must be attuned to 
the needs and circumstances of the agricultural community being served. 
 
 
BIOLOGICAL MEASURES OF HERD PERFORMANCE 
 

The difficulties of using a strictly biological, herd performance 
approach are clearly illustrated in the case of a comparative study of 
ranch and pastoral herd performance carried out in Botswana. From 1970 to 
1976 a unit within the Agricultural Research Station, Ministry of 
Agriculture, conducted a series of studies which compared the productivity 
of experimental ranches run by the research station and neighboring, 
privately-owned African herds. The methods used in these studies are 
explained in detail in Rennie et al. (1977) and in numerous government 
reports from that period (Animal Production Research Unit [APRU], 1975, 
1976, 1977). Basically, calves were purchased from cattle posts--the local 
English name for indigenous African livestock operations--and subsequently 
raised on research ranches in the same area. The research station paid 
above-market prices for the purchased calves, and in return herd owners 
permitted the ear tagging of other calves which were born at the same time 
as those purchased for the ranches. These ear tagged calves remained 
behind at their natal cattle posts, and the dams of all purchased and ear 
tagged calves were also ear tagged. Both calf growth and cow reproductive 
performance were then monitored at regular intervals at both the ranches 
and cattle posts, and the results were compared. 
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These results were apparently unequivocal: "The ranch management 
system is twice as productive as the cattle post system" (Buck, 1978:251), 
or more precisely: 

 
Research has shown that the productivity per cow under the ranch 
system of management can be twice that achieved under the cattle 
post system (APRU, 1980:8). 
 

These conclusions are embodied in the following table which--with minor 
variations on the values given here--reappears in the course of almost any 
technical discussion of animal performance in Botswana (see Table 1). 

 
Three separate methodological problems cast doubt, however, on the 

conclusions that have been drawn from this table. Taken in combination, 
these problems suggest a vast underestimation of the productivity of the 
traditional African system of animal husbandry. Since these problems are 
not peculiar either to this study or to Botswana, they merit our close 
examination. 

 
Experimental Ranches versus Private Producers 

 
In the comparative study examined here, the biological potential of 

fenced ranching was established by monitoring the performance of ranches 
operated by research personnel. Given the problems and resources of the 
majority of Batswana cattle owners, these ranches constituted a radical 
departure from normal management conditions. The ranches were capital-
intensive and dependent upon skilled and disciplined labor; in addition to 
ample grazing, the ranches provided disease control, mineral 
supplementation, and fully adequate water supplies. Although these ranches 
turned a profit (depending on the techniques used to separate research 
costs from management costs) research was their primary purpose. They 
therefore existed in an economic environment peculiar to experimental 
stations, an environment which stressed optimal biological productivity 
irrespective of short-term profits and the need to fulfill the economic 
expectations of a private ranch owner. Something would be fundamentally 
wrong with an experimental ranch of this kind which did not out produce 
the herds of the average African livestock producer. 

 
While the limitations of on—station agricultural research were not 

fully appreciated when the Botswana study was initiated, these limitations 
are now generally recognized by farming systems researchers. In 
retrospect, a more relevant comparison of commercial and subsistence 
productivity can be obtained only if we compare private pastoral producers 
with private fenced ranchers, as would presumably be the case in an FSR 
on-farm research project. Table 2 undertakes such a comparison of 
productivity on adjacent ranches and cattle posts operating under similar 
environmental and market conditions in western Botswana. According to 
these figures, the ranches were marginally more productive than the cattle 
posts, but the results were by no means clear-cut. Calf mortality was 
lower on the ranches and weight gains were higher, but 
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overall mortality was the same, and the calving percentage was higher on 
the cattle posts. Much the same results emerged from a second, later study 
which compared newly "developed" ranches and cattle posts in two 
additional areas of Botswana. The results of this study are not conclusive 
because only seven ranches were examined, their performance was monitored 
for only a short period of time, and the ranches themselves had been in 
existence for only a couple of years. Given this note of caution, the 
study nonetheless indicated that: 
 

The results of herd performance from the ranches do not, in 
general, indicate significant differences from those of the 
communal area survey [the cattle post herds], in fact they are 
in many respects very similar to the performance of the herd 
sizes 101—150 and over 150 [head] (CARL BRO, 1982:4.38). 
 
These findings are confirmed on a wider geographical scale by an 

excellent analysis of national livestock statistics from Botswana 
(Hubbard, 1982). Instead of looking at the productivity of newly—created 
ranches designed for occupancy by African owners, this study examined the 
productivity of long—established freehold ranches which had been created 
for European colonists during Botswana's Protectorate period. As long as 
the comparison was restricted to herds of roughly comparable sizes, 
Hubbard found that there was a significant difference in the recorded 
propensity of ranch and cattle post owners to sell their animals. However, 
with respect to biological performance measured in terms of herd mortality 
and calving rates, the ranches out-performed the cattle posts with 
reasonable consistency, but at a modest margin (see Table 3).2 

 
In sum, the three studies of private ranch productivity cited here 

demonstrate the extent to which experimental station data distorts the 
results of any comparison of subsistence and commercial production, 
irrespective of additional problems of measurement bias which have yet to 
be discussed. 
 
Production per Hectare and per Head 
 

Whether they have been carried out on experimental ranches, private 
ranches, or cattle posts, all existing assessments of pastoral 
productivity in Botswana suffer from a common limitation. In all cases 
productivity is expressed on a yield per animal basis without any control 
of stocking rates. If we are to appreciate the fundamental nature of this 
problem, we must first obtain an understanding of the 
 
 
 
 
 
 
 
 
 
 
 

2See Cruz de Carvalho (1974) for a similar comparison of ranching 
and indigenous pastoral production in Angola. 
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variable productivity of animals and land at different stocking rates. 
Simply stated, the problem is as follows: Within limits, on natural range 
higher livemass gains per hectare are obtained from high stocking rates, 
that is, from a high density of animals per unit of land. There is, 
therefore, a trade—off between productivity per animal and per unit of 
land, and within reasonable parameters the two are inversely correlated. 
This relationship can be displayed graphically following Mott (1960) (see 
Figures 1). As the graph indicates, yield per animal is highest at the 
lowest stocking rate, and does not immediately begin to fall as animals 
are added to the range. At stocking rate A (see Figure 1), however, the 
productivity per animal begins to decline as the range resource is more 
completely used. At the same time, productivity per hectare continues to 
increase since reductions in animal productivity have been more than 
offset by the increasing number of animals. As the stocking rate is 
further increased, however, the system reaches a breaking point at 
stocking rate B (See Figure 1) where the pasture resource is badly 
overtaxed and everything collapses-the range is degraded and yield both 
per animal and per hectare declines. Short of this threshold, maximum 
weight gain per hectare occurs at heavier stocking rates than maximum 
weight gain per animal (Barnes, 1978: 41, 42; Jones and Sandland, 1974). 
 

With this conclusion in place, we may profitably return to an 
examination of the specifics of the Botswana study (Rennie et al., 1977). 
No information was given concerning stocking rates on the cattle posts and 
adjacent ranches compared in this study. Nevertheless, available evidence 
indicates that the stocking rates on the ranches were very low-much lower 
than even a conservative commercial rancher would have stocked them (CARL 
BRO, 1982: volume 2, 3.16). On the other hand, the tribal lands outside 
the ranches are described in official government reports as "overstocked" 
although, again no empirical evidence has been given to support this 
assertion (Lightfoot and Behnke, 1982). Could it be that the cows on the 
ranches were living in a bovine Garden of Eden, but not making very 
efficient use of the Garden? 

 
More generally, most African pastoralists live under considerable 

human and animal population pressure given the harshness of the areas 
they inhabit (Jahnke, 1982:99-103). In response to these pressures, 
pastoralists have evolved a system of animal husbandry capable of 
sustaining high stocking rates. They do this by engaging in highly 
sophisticated, short and long-distance pasture rotation systems involving 
shepherding and nomadism (Horowitz, 1979; Dyson—Hudson and Dyson—Hudson, 
1969; Behnke, 1980). They herd animal breeds that can utilize substandard 
pastures and survive periods of climatic stress. By minimizing the water 
intake of their animals, they may inadvertently increase the 
physiological efficiency with which the animals use nutritional inputs 
(McDowell, 1983; Pratt and Gwynne, 1977). Finally, pastoralists tend to 
own herds of predominately older animals which may require less feed 
because they are no longer growing (Ellis et al., 1979). Under these 
conditions, productivity per hectare would seem to be at least as 
relevant a measure of herd performance as productivity per animal. 
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Measuring Productivity 
 

It is sometimes assumed that measures of animal productivity are 
inherently objective simply because they are based on "hard" biological 
data. The kinds of biological measures which are employed can, however, 
seriously bias relative estimations of the productivity of animal 
husbandry systems designed to produce different kinds of products. In 
Botswana both experimental and private ranches produce one product—-
slaughter cattle. On the other hand, Batswana-operated cattle herds, like 
the herds of most African pastoralists, produce a wide variety of products 
including milk, meat for home consumption, animals for sale, and traction 
power for plowing or haulage. Measures of productivity based on the 
production of red meat will, therefore, be consistent with the management 
objectives of commercial ranches, but will bear no relation to the diverse 
productive uses of indigenous African herds. 

 
The research unit which conducted the comparative cattle post and 

ranch study operated under a clear research mandate-to examine the 
problems and potentialities for beef production in Botswana. Accordingly, 
estimates of post and ranch productivity were based on "weight of beef 
produced per cow per year" (APRU, 1975; 38) and calculated according to 
the "the four traits of major economic importance in beef cattle 
production...calving percentage, viability, pre-weaning and post-weaning 
growth" (Rennie et al., 1977:3). In sum, all of the produce of the ranches 
was compared to part of the produce of the cattle posts. It seems only 
reasonable, therefore, that the productivity of the indigenously-managed 
African herds should be found wanting. 

 
There is, nonetheless, a mitigating argument in favor of the 

Botswana research program. Many of the measures of herd performance in 
this and similar studies do not measure herd output so much as they 
measure the health and vigor of the herd. To what extent, we may 
justifiably ask, do these measures assess factors of concern to all 
livestock owners regardless of their production objectives? 

 
In order to answer this question we must examine more closely the 

way in which commercial ranchers and subsistence pastoralists manage their 
herds. A recent study of commercial Colorado cattle ranching and cattle 
keeping among the Karamojong of Uganda is based on a comparison of energy 
flow in the two systems (Ellis et al., 1979). Drawing on analogies 
suggested by plant and animal ecology, the study concludes: 

 
The Pawnee [Colorado ranching] situation can be viewed as a 
predator—prey relationship, with the people being the 
predator, while that in Karamoja can be seen as a parasite 
host relationship, with herders as the parasites (Ellis et 
al., 1979:148). 
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This conclusion is applicable both to Botswana in particular and to an 
understanding of the difference between commercial ranching and 
subsistence pastoralism in general. Ranching is a predatory system in that 
it exploits animals by killing them, but does everything possible to 
insure their well-being up to the time of slaughter. Subsistence herders, 
on the other hand, live like parasites on their herds in that they rely on 
the harvesting of live-animal products and treat meat as a residual 
benefit to be realized only at the end of an animal's productive career. 
In this way herders postpone slaughtering their animals and extract a good 
deal of value from them in the long term. They do so, however, at some 
cost to the health and vigor of the animals. Calves, for example, will 
have to share their dam's milk with human children, oxen used for plowing 
will lose weight, etc. Subsistence herders, therefore, stress their 
animals continuously, while ranchers stress them only once-at the 
slaughter house. Thus, the comparison of commercial and subsistence herd 
performance may be irrelevant from the point of view of the subsistence 
herder, for by these measures under-used (and consequently, unstressed) 
herds may "perform" better than their heavily-used and highly productive 
counterparts. This is not to say that pastoral producers do not value 
lower rates of mortality, higher rates of live birth, or increased weight 
gain. These measures of herd health and vigor will not, however, be 
meaningful unless rates of live—animal resource extraction are held 
constant, which is unlikely given the nature of the two systems under 
comparison. 
 

The attempt to minimize these measurement biases is exemplified by 
the work of Penning deVries and Djiteye (1982) on pastoral production in 
Mali (reproduced in Table 4). Here biological productivity is calculated 
in terms of production of animal protein, a measure which encompasses both 
milk and meat, and stated in terms of yield per unit of land area. Whereas 
the Botswana experimental ranches appeared to be twice as productive as 
their local indigenous counterparts, these calculations suggest that 
Malian pastoral systems achieve rough parity with industrial ranching 
systems in similar rainfall zones. It is, of course, impossible to know 
how much of the differences in the two sets of results arises from real 
differences in technical efficiency between Mali and Botswana, and how 
much is merely an artifact of different measurement techniques.3 
 
 
 
 
 
 

3Due to the kinds of measurement difficulties discussed here, animal 
scientists have developed complex indices of herd productivity which 
incorporate a number of different biological measures into a single 
overall productivity score. These more sophisticated techniques have been 
used to simulate the impact of technical innovations on pre—existing 
systems of production (Sullivan et al., 1980; International Livestock 
Centre for Africa, 1978) or to model the relative productivity of 
localized pastoral production systems in Africa (de Leeuw and Konandreas, 
1982, based on Trail and Gregory, 1981). To the best of my knowledge, 
however, these scoring procedures have not yet been used to assess the 
actual productivity of alternative systems of subsistence and commercial 
production. 
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ECONOMIC ANALYSIS 
 

The limitations of the Botswana experimental ranch and cattle post 
comparison spring from a common source--the attempt to make a single, 
commodity-oriented research program serve antithetical objectives. The 
research on the experimental stations constituted a perfectly adequate 
investigation of commercial beef production under Botswana conditions. It 
could not, however, be transformed into a valid comparative analysis 
simply by extending the scope of data collection to include subsistence 
producers and by analyzing their operations within a framework appropriate 
only to a commercial beef operation. Given this basic limitation in 
research orientation, the addition of economic analysis to the research 
agenda will not transform a misleading comparative study into an adequate 
one. Economists can (and in the past frequently have) measured pastoral 
output solely in terms of marketed off take of live animals; they have 
expressed the results of their analyses in terms of income per animal 
irrespective of the stocking rates of the systems under examination; and 
they have compared the economies of private subsistence enterprises to the 
pseudo-economies of experimental ranches. In all these cases, however, 
economic analysis merely expresses in cash equivalencies the same 
misconceptions that had previously been measured according to biological 
criteria. In the following discussion of economic analyses, I will assume 
that these more egregious errors have been rectified, or that they can be 
dismissed with the same arguments that have already been adduced. In this 
way we will be free to undertake a more detailed examination of the issues 
peculiar to the economic analysis of subsistence and commercial animal 
husbandry. 

 
As Zandstra has noted, "at this day and age few agricultural re- 

searchers will formulate recommendations based on maximum yield or 
biological efficiency," but rather compare alternatives "by some economic 
performance measure--generally returns over variable costs" (1983:36). 
Less widely recognized is the extent to which competitive markets make 
possible quantified economic analysis by assigning numerical values, i.e. 
prices, to goods and services. But subsistence production cannot, by 
definition, be valued in this way, and this is our problem. It is, 
moreover, a critical problem to the extent that production for home use 
constitutes an important proportion of total production in many 
contemporary African livestock economies. Some examples: 
 

i. Danckwerts calculates that for certain tribal areas of Zimbabwe 
(then Rhodesia) over 80% of the total value of cattle were 
ascribable to arable inputs and home consumption, in an area with 
a 2.7% sales rate 

 (Danckwerts, 1973:9-16). 
 
ii. Jahnke (cited in Ruthenberg, 1980:337-339) ascribes to in-kind 

production the value of 32% and 37% of gross return to livestock 
keeping among, respectively, the Nyabushozi and Karamoja, two 
pastoral societies in Uganda. 
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iii. Based on a combination of estimates and field data, a recent 
study in Botswana concluded that on average income from Batswana 
cattle herds was divided about evenly—47% in-kind and 53% in cash 
output (CARL BRO, 1982: 4. 126-4.132). 

 
iv. Among Kenya Maasai operating on communal land, between 41% and 

47% of all production was in kind, depending on the extent to 
which particular areas had been commercially developed (White and 
Meadows, 1981 cited in Sandford, 1983:125). 
 

Leaving aside for the moment the question of how in-kind production should 
be valued, these ratios clearly document the importance of in-kind 
production to the total output of semi-commercialized livestock economies. 
As a consequence, the results of any calculation of economic costs and 
returns will be highly sensitive to any changes in the way subsistence 
production is valued. 
 

The cash value to be attributed to subsistence production is, 
however, a contentious issue. At least two different procedures have been 
advocated, and these two procedures would lead to significantly different 
imputed values. On the one hand, there is the standard approach adhered to 
by most agricultural economists and explained as follows by Gittinger: 

 
In agricultural projects, the point of first sale at which it 
is generally desirable to value new production (or production 
forgone) is the "farm gate" price--the price the farmer 
receives when he sells the product at the boundary of his farm 
(1972: 33). 

 
He continues: 

 
In some cases it may be extremely difficult to determine just 
what is a realistic farm gate price for a crop produced 
primarily for home consumption because rather little of it 
really appears on markets. This is the case, for example, for 
manioc and cocoyam in Africa where some argue that the true 
value of the crop is overstated if the market prices are used 
as a basis for valuation. Even so, home consumed production 
should be valued at your best estimate of a valid farm gate 
price...(1972:34). 
 

In opting for a farm gate price, Gittinger clearly believes that he is 
ascribing a generous cash value to such production. Nevertheless, several 
arguments can be adduced to support the position that producer 
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prices are not too high but rather too low an estimation of subsistence 
value. This will be the case whenever trade is infrequent precisely 
because the exchange value of a particular item does not equal its use 
value in the domestic setting. 
 

A clear ethnographic instance of such undervaluation is provided by 
the economics of mixed sheep and goat pastoralism and wheat and barley 
cultivation in Eastern Libya in the early 1970s (Behnke, 1980:44-47). The 
analytical problem in this case was to comprehend the continued 
involvement of most households in both crop farming and animal husbandry. 
The interest of producers in crop farming did not at first appear 
reasonable since the cash returns to that activity were negligible 
compared to those of herding--something on the order of one to twenty for 
an average holding in a normal year. The problem with this calculation lay 
in the valuation of unsold grain at farm gate prices. The solution to the 
muddle lay in realizing that the domestic use value of the grain as an 
animal fodder far exceeded its farm gate value. As a result of this 
discrepancy, very little grain was in fact sold by producers until they 
had an opportunity to convert it into a more valuable market commodity--
meat. In this case, to value unsold grain at farm gate prices would have 
both distorted the apparent utility of different productive activities and 
obscured the strategy behind household involvement in and withdrawal from 
the marketplace. 

 
Similar considerations may also obtain in the case of agricultural 

produce grown for human rather than animal consumption. In a semi-
commercialized economy, local market demand for basic foodstuffs may be 
slight precisely because food self-sufficiency is a primary objective of 
household economic activity. Low producer prices in this situation may not 
reflect the fact that a commodity is valueless, but to the contrary, may 
indicate that households value it highly enough to commit much of their 
internal resources to its production. If the object of our analysis is to 
assess the utility of subsistence produce from the farmers' point of view, 
producer prices may persistently underestimate its worth. 

 
A second line of argument is based on explicitly theoretical 

considerations. With respect to subsistence agriculture, rural farm 
households are dual-purpose institutions. Like the business firms of 
classic micro-economic analysis, they produce; like the households of 
classic micro-economic analysis, they consume. To fix a producer price to 
subsistence production is. to construe these units as producers, but it is 
equally justified to view them as consumers. In this case, the relevant 
market price to assign to home consumption/subsistence production is the 
price that producers would have to pay to replace home 
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produce with purchased equivalents.4 As Mellor has expressed it: 
 

The farmer correctly attaches a higher price to production for home 
consumption than to production for sale since he in effect pays the retail 
price for what he buys and receives the wholesale price for what he sells 
(Mellor, 1366; 200; cited in Chibnik, 1978). 

 
A clear case of the operation of such a pricing system in a semi-

commercialized livestock economy is provided by Doughty's discussion of 
the value of camels in North Arabia in the late 19th century. According to 
Doughty, camels had two very different cash values. On the one hand, there 
was their desert value--the price the Bedouin would have accepted for 
their animals had they bought and sold them among themselves. This price 
was widely accepted among producers and real in the sense that Doughty 
tried to buy a camel and found that the Bedouin would sell for nothing 
less than the quoted value; but the price was also hypothetical in that 
the Bedouin might raid or steal camels from each other, but they rarely 
sold them. In contrast to this desert price, there was the actual sale 
price of the beasts after they had been transported out of the interior 
deserts and disposed of at auction in the coastal market towns. The object 
of this trade by the Bedouin was to obtain rice imported by Indian 
merchants. Like tobacco, weapons, cloth, and coffee, rice was one of the 
essentials of a Bedouin way of life that they could not produce themselves 
and had to obtain through trade. The paradoxical aspect of this trade was 
that the market price received for camels was nearly half their desert 
value, despite the considerable transport costs borne by the Bedouin in 
bringing the animals to market (Doughty 1979: 438). In this case it is 
clear that camels had a reasonably low exchange value given their utility 
to Indian merchants, and they had a much higher use value for the Bedouin 
given their pastoral way of life dedicated to the efficient exploitation 
of the beast. Although the exchange value of the animals was considerably 
lower than their domestic use value, richer Bedouin continued to sell a 
limited number of animals in order to meet their perceived essential rice 
requirements (Doughty 1979:438). 

 
In situations of this kind the accurate valuation of herd wealth 

must necessarily employ two distinct pricing systems. Camels sold will be 
valued at their empirically observed sale price. Camels retained for home 
use will, in contrast, be valued at their replacement cost, that is, at 
(i) either the amount of money it would take to purchase replacement 
animals from other producers, or (ii) the amount of money it 

 
 
 
 
 
 
 
 
 
 

4The valuation of subsistence production in terms of replacement 
costs was suggested to me by Carol Kerven, and the following discussion of 
this subject is based largely on her published (1979, 1982) and 
unpublished research on this issue. 
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would take to purchase consumables equal to those generated by the beast 
given local techniques of animal exploitation. In sum, sold beasts are 
valued at the farm gate price; unsold beasts are valued at the opportunity 
cost (their best alternative use in another production process) of their 
sale (Kerven, 1982). As Chibnik (1978) has noted, this process of double 
valuation may at first seem counterintuitive. It is, however, no leas 
reasonable than the analogous process of valuing the output of an 
industrial plant according to the market in which it is sold, giving that 
portion of the output which is sold to domestic markets, for example, a 
lower value than that which is sold on more lucrative export markets. 
 

This dual pricing policy has the added advantage of providing a 
potential explanation of the observed marketing behavior of pastoralists, 
especially their unresponsiveness to minor fluctuations in producer 
prices. In the Bedouin case just presented, producers are target sellers 
in the sense that they are selling to meet definite consumption 
objectives, not in order to make a profit. In order to explain this 
phenomena we need not invoke a camel complex, economic irrationality, or 
pastoral conservatism. We need only note that producers cannot profit from 
additional sales beyond consumption needs, given the relative use and 
exchange values of the animals. Small increases in producer prices are, 
therefore, unlikely to elicit higher rates of sale, and may permit lower 
rates of sale consistent with meeting stable consumption goals. Employing 
a parallel line of reasoning, Chibnik provides tentative evidence that the 
price elasticity of supply for subsistence agricultural crops is somewhat 
less than that for commercial crops, all else being equal (1978: 372). 

 
The preceding remarks justify the ascription of replacement coat as 

the cash value to be placed on subsistence produce. It remains to be shown 
that this valuation technique significantly alters the outcome of economic 
assessments of the advantages of subsistence versus commercial production. 
As an illustration of the potential effect of revaluing subsistence 
production, Table 5 presents the results of a comparison by Ruthenberg of 
Ugandan ranching and pastoralism; the original results are then contrasted 
to new estimations of pastoral and ranch income which result from 
substituting replacement costs for Ruthenberg's valuation of in—kind 
produce. With some justification Ruthenberg could use the original table 
as evidence for the following conclusion: 

 
Most types of semi—nomadism are economically wasteful. In 
comparison with large—scale production on ranches, the 
productivity per hectare, per man—equivalent, and per animal 
is usually low (Ruthenberg, 1980:340). 
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There is, on the other hand, little in the recalculated table which would 
sustain these generalizations. 5 These new results show income per hectare 
on the ranches as half of that for the pastoralists, while income per 
animal is a third less for the ranchers than the pastoralists. Only in 
terms of income per unit of human labor do the ranches achieve clear 
superiority, as they did in the original calculations. Based on this 
exercise, there can be little doubt that a re-estimation of the value of 
subsistence production would have a significant impact on the results of 
economic analyses of semi — commercialized livestock production systems. 

 
Problems and Cautions 

 
The pricing of subsistence production is in principle quite simple: 

ascribe to home production and consumption a cash value equal to its 
replacement cost. With respect to livestock—based economies, however, the 
calculation of replacement cost demands the solution of several practical 
problems including changing patterns of food consumption in the 
commercialization process, instability of pastoral/non-pastoral terms of 
trade, and the issue of crop—livestock interactions in agro-pastoral 
production systems. There follows here a brief discussion of how we might 
approach the solution of these problems. 
 

Changing Consumption Patterns: 
 

The shift from subsistence to commercial animal production is 
accompanied by predictable shifts in food consumption patterns (Behnke, 
1960: 87, 88; 1983). This facet of the commercialization process 
complicates the calculation of replacement equivalents since meat or milk 
foregone for sale is not replaced by comparable quantities of meat or 
milk, but usually by cheaper purchased grain. The economics of this 
substitution process is similar to that documented by Hodder (1969, as 
reported by Chibnik 1978) for the substitution of food crops in West 
Africa: 

 
In certain areas of Nigeria most farmers do not grow most of 
their food. However, Hodder also reports that most (about 60 
percent) of the crops these farmers sell in local markets are 
foodstuffs...What appears to be happening is that many farmers 
sell food crops with high market prices (usually yams) and buy 
for home consumption crops with comparatively low retail 
prices (usually cassava in the form of gari)...Such behavior 
seems economically sensible (Chibnik, 1978:571, 572). 

 
 
 
 
 
 
 
 

5Ruthenberg's analysis has been recalculated in order to illustrate 
a methodological issue. The recalculation is based on several necessary 
but tenuous assumptions, and may not reflect the real terms of choice for 
Ugandan pastoralists contemplating increased market involvement. 
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In commercializing livestock economies, high-protein animal products are 
exchanged in most cases for high-caloric food grains at favorable rates if 
substitution costs are calculated solely in terms of caloric 
equivalencies. The nutritional incommensurability of these exchanges will 
be considered in a later section of this analysis. 

 
Price Instability: 
 
Figure 2 shows the terms of trade for animals versus millet over a 

more than thirty year period of a region in Niger. Although there is no 
clear secular trend in the terms of trade, these data do document 
precipitous, major, recurrent price shifts caused by drought and bad 
harvests (Sutter, 1982). At the very least, any accurate economic 
estimation of the relative benefits of commercial versus subsistence 
livestock production must take these price fluctuations into account by 
examining a run of good and bad rainfall years. The violence of these 
fluctuations casts serious doubt, however, on the capacity of routine 
cost/benefit analysis to model the utility for livestock producers of 
various levels of commercial involvement. For example, calculated in terms 
of their replacement cost in grain, cattle values fluctuated by a factor 
of over four to one for different years in the 1970s, by slightly less 
than three to one in the 1960s, by about two to one in the 1950s, and 
again, by a factor of four to one in the 1940s (Figure 2, based on Sutter, 
1982: 48, 49). For small holders operating on the margins of economic 
viability, the fact that commercial production may be extremely lucrative 
in some years (or even in most years, or in the mythical "normal" year) 
may be less important than the probability that a commercially-managed 
small herd would be unlikely to survive the climatic fluctuations of a 
decade, and still sustain the family. In this case, the real utility of 
subsistence production for the small producer may be somewhat higher than 
the cash replacement cost as set by local markets. 

 
Livestock-Crop Linkages: 
 
In mixed farming-livestock systems many products generated by a 

family's livestock enterprise are neither consumed nor sold but rather are 
invested in the household's cropping enterprise, while the reverse holds 
true for the cropping enterprise vis-a-vis the herd. Crops or crop 
residues used for animal fodder, manure used for fertilizer, or animal 
traction used for plowing are common examples of such intermediate 
agricultural products whose value is only realized after the addition of 
other inputs or processes. Determining the value a sensible farmer would 
place on these home-produced inputs is, in principle, no different from 
determining the cash value of subsistence consumables. In all cases, the 
appropriate value of a subsistence input or terminal product is the cash 
cost of purchasing its replacement, i.e., the cash cost of buying fodder 
to replace crop residues, of purchasing fertilizer to replace manure, or 
of purchasing plowing services in lieu of using the family animals. 
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The Limitations and the Utility of Economic Analysis 
 
If we accept the methodological strictures laid down here, the 

economic literature on African pastoralism reveals a curious situation. 
There exist very few methodologically adequate comparative studies of 
subsistence and commercial production, despite the strong views that 
observers tend to have regarding the relative merits of the two systems. 
The closest approach to an adequate comparative study is probably provided 
by the recent work by White and Meadows on the Kenya Maasai (1981). The 
results of this study (as summarized in Sandford 1983) are presented in 
Table 6. These results run directly counter to accepted wisdom regarding 
the dysfunctional economic nature of subsistence livestock production (see 
Ruthenberg's remarks cited previously). The more closely and accurately we 
quantify the gap between subsistence and commercial production, it would 
appear, the more the two systems seem to achieve rough economic parity. 
This result has important implications for how we conduct future economic 
studies of pastoralism, not to mention the issue of whether greater 
commercial involvement is in the best interests of African livestock 
producers. 

 
The methodological innovations called for in this analysis are 

analytically defensible and operationally feasible; nevertheless, the 
application of these principles would require more empirical data, more 
sensitivity to the ethnographic situation, and more plain field experience 
than is usually deemed necessary by economic analysts. In the past, faulty 
economic analysis has perpetuated the myth of its own adequacy by 
exaggerating the advantages of commercial forms of production. Why attempt 
a more sensitive but expensive analysis, these studies seemed to suggest, 
when the manipulation of available statistics immediately revealed the 
superiority of the commercial alternative? By closing the apparent gap 
between commercial and subsistence production, more appropriate 
comparative methods tell us something unexpected about the economics of 
African pastoralism, and provide clear justification for further careful 
and precise attention to a problem once thought to be beneath serious 
consideration. 

 
NUTRITIONAL STUDIES 

 
The following discussion examines the rationale for the monitoring 

of the human nutritional impacts of livestock development. This discussion 
will be more hypothetical than the preceding analyses for the simple 
reason that I have been unable to locate a quantified study of this kind 
for any pastoral societies in Africa. 

 
The potential conflict between profit and production versus human 

nutrition is particularly acute in commercializing pastoral economies, and 
requires that we clearly distinguish between biological yield, income, and 
human welfare. The shift from subsistence to a commercial production 
strategy demands the abandonment of a multipurpose pattern of animal use 
in favor of what has been labeled the "mono-husbandry of a single cash-
crop species" (Teitelbaum, 1980:40). The problem is that these changes in 
production strategy are inextricably linked to changes in food consumption 
patterns. Milk deflected from family use and 
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invested in increased calf growth, for example, must be replaced by 
purchases funded by the proceeds of animal sales. We can place money 
values on these conversions and monitor them economically, as noted 
previously. What economic analysis cannot easily model, and may even 
obscure, is the simple fact that grain and livestock products are not 
nutritionally equivalent, and that herders may "profit" from such 
exchanges by undercutting their long—term health and that of their 
children. This is in fact the conclusion reached by a recent USAID 
evaluation of the nutritional impacts of livestock development schemes in 
Africa: 
 

In many cases, project failures were attributed to 
noncooperative pastoralists. As we shall see, there is reason 
to conclude that many of the implementation difficulties came 
about not because pastoralists were uncooperative, hostile or 
too conservative as have been suggested by range management 
technicians. Rather, the problems may have arisen because in 
large part livestock/range management project design 
contradicted the existing subsistence food systems of the 
herds and threatened to undermine the nutristructure of the 
pastoral populations without developing effective alternatives 
(Teitelbaum, 1980:60). 

 
This report also makes it quite clear that it is inadequate to conduct a 
study of herd productivity or enterprise economics and subsequently 
convert the results of these studies into units of nutritional accounting. 
The Penning deVries and Djiteye study cited previously remains a study of 
herd performance, not human nutrition, despite the calculation of herd 
performance in terms of units of protein, and likewise with the Ruthenberg 
comparison of Ugandan pastoralism and ranching (Table 5), in spite of my 
conversion of their results into caloric equivalencies. At least four 
separate reasons can be given for rejecting these studies as bona fide 
nutritional analyses, and for undertaking a direct examination of the 
diet, health and vigor of commercializing pastoralists. 
 
i.  Ingested in the correct ratios and at the correct times, food grains 
and livestock products have a synergistic effect on each others' protein 
value, i.e., in certain combinations they can be worth more than the 
simple sum of their values. Part of the value of a food, therefore, is not 
inherent in the food itself but is contingent upon its mode of preparation 
and consumption (Teitelbaum, 1980:26). 

 
ii.  In a subsistence economy, the value of a particular food source will 
reflect the relative abundance of alternative foods. Thus, food available 
during "hunger months" of seasonal scarcity will be of more value to 
sustaining human life than comparable amounts of food at another time 
(Teitelbaum 1977; Whelan, 1983). Much the same point can be made with 
respect to agricultural labor demands during peak and low periods of food 
availability. Despite obvious technical and economic advantages, increased 
work during hunger months may be rejected by farmers or herders as an 
unattractive alternative. 
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iii.  The shift from subsistence to commercial production may precipitate 
shifts of power within the household regarding control over food supplies. 
For example, through the provision of their labor in milking and the 
processing of milk products, women may have direct control over the 
household food supply in a subsistence context; the marketing of live 
animals for cash, on the other hand, may reinforce the power of adult 
males to dispose of, control and invest the wealth generated by the herd. 
Assuming that the economic goals of the two sexes are not identical, these 
shifts in power may alter consumption patterns even at stable levels of 
income (Dyson-Hudson and Dyson-Hudson, 1980). 
  
iv.  Nomadic settlement (if it accompanies commercialization) will also 
have an impact on effective levels of nutrition: 

 
Sedentarized nomads have increased intestinal parasite loads, 
which consume ingested nutrients; vector-borne and filth-
spread infectious diseases increase in incidence among 
sedentarized pastoralists due to the "closing circle" impacts 
of reduced mobility of man and beast (Teitelbaum, 1980:44). 
 
In sum, nutritional analysis and monitoring can contribute at two 

different levels to an understanding of the commercialization process. 
First, if FSR is serious about improving farmer welfare (rather than 
simply increasing agricultural productivity and commercial off take) then 
nutritional monitoring will be a critical aspect of project evaluation. 
Second, if herders themselves can foresee the negative nutritional 
implications of certain technical and economic innovations (and 
Teitelbaum's work suggests that they can), then nutritional studies will 
be a critical part of the overall effort to predict farmer behavior. Given 
the imponderables of economic modeling, such a nutritional study may 
provide the most direct and empirical method to investigate the real 
concerns of the poorer producer. 

 
CONCLUSIONS 
 

This paper has presented a number of technical recommendations which 
either expand or modify the usual repertoire of procedures used to 
evaluate livestock development. These recommendations confront a 
fundamental issue for international agricultural research: the problem of 
cross-cultural objectivity. Historically, this is a problem which has been 
handled differently by different academic professions. 

 
Those professions which specialize in comparative social research 

have long adhered to a scientific method which assumes that specific 
institutions, customs, values, or behaviors take on different meanings 
according to the social environment in which they are embedded. In this 
analytical framework, objectivity is relative and is arrived at by 
adjusting the concerns of the scientific community to the concerns of the 
community under study. On the other hand, in the biological sciences, and 
to a lesser extent in economics, objectivity is insured by adherence to a 
disciplinary tradition which predetermines the nature of data and 
analysis. In this realm, facts are facts irrespective of the 
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capacity of local farmers and herders to perceive them or to appreciate 
their significance. 
 

The preceding analysis has emphasized the limitations of this latter 
approach for an applied branch of agricultural science like FSR in which 
farmer adoption rates are one critical marker of the cogency of research 
recommendations. For the practitioner of FSR, or for an inter-disciplinary 
research team, to be technically correct but largely ignored by the 
surrounding farming community is an unacceptable and professionally 
damaging outcome. The objective of the foregoing recommendations has been 
to avoid this outcome by bringing our technical measurement criteria into 
line with the criteria farmers and herders use in reaching decisions. 

 
Once this step has been taken, our calculations tend to point in a 

new but not an unexpected direction. The existence of the rational farmer 
is one of the philosophical underpinnings of FSR. Today almost all 
subsistence pastoral economies in Africa have been penetrated to some 
degree by commercial relations, and the option to sell or to use a 
particular animal product is a dilemma that is before most livestock 
producers. When these putatively rational farmers defy our expectations 
and reject increased commercial involvement or "modern" techniques of 
animal management, this rejection is, in itself, prima facie evidence that 
we have somehow exaggerated the benefits of commercial involvement and 
underestimated the advantages of subsistence production. Judged in terms 
of the current condition of the African livestock industry, the advantages 
of commercial production are marginal for many producers, even under 
favorable conditions. If we are to understand the evolution of African 
forms of commercial livestock production, we must begin with this reality 
and work backwards to discover appropriate quantified expressions of the 
relative advantages of alternative production systems. 

 
It is not sufficient, however, to stop at this level of analysis. 

This paper has re-examined what might be termed "whole systems" 
comparisons of subsistence and commercial livestock production—Botswana 
experimental ranches versus cattle posts, Utah ranching versus Malian 
pastoralism, Colorado ranching and the Raramoja. But African systems of 
pastoral production are internally differentiated, and become more so with 
increasing market involvement (Behnke 1983). Given that the advantages of 
commercialization are at best marginal, one class of pastoral producers 
may view commercialization with enthusiasm, while other producers in the 
same community reject it. What we now require are measurement techniques 
which are precise enough to highlight the various incentives and 
disincentives which structure this decision. 
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Table 1. Beef Cattle Productivity Under Cattle Post and Ranch Management 
 

Trait Cattle Post Ranch 
 
Calving percentage 

 
47.3 

 
74.8 

 
Calf mortality % 

 
l0.7 

 
8.5 

 
Weaning % 

 
42.5 

 
68.4 

 
Weaning Mass kg. 

 
l23.5 

 
l80.4 

 
Post weaning gain (7-18 month kg.) 

 
89.7 

 
l05.9 

 
Mass of weaner calf/cow/year kg. 

 
52.5 

 
l23.4 

 
Mass of 18 month calf/cow/year kg. 
 

 
90.6 
 

 
l95.8 

 

Source: APRU 1980: 9. 
 
 

Table 2. Comparisons of Ranches and Cattle Posts in Ncojane, Botswana 
 

 

Calving % 
Calf 

Mortality 
as % 

Calf wt. Kg 
at 7 mt. 

Calf wt. Kg 
at 18 mt. 

Mortality 
all age 
groups % 

 
Ranches 

 
41 

 
0.8 

 
147 

 
263 

 
6 

 
Cattle Posts 
 

 
46 
 

 
1.5 
 

 
121 
 

 
212 
 

 
6 
 

Source: APRU, 1979: 80-83 
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Table 3. Comparison of Herd Performance on Botswana Cattle Posts and 
Freehold Ranches 

 
 
 

Smaller Herds 
 Average Herd Size 

(Class 1-100) 
 

Ratio of Births 
to cows 

 

Ratio of Deaths 
to total cattle 

 
YEAR C. Posts Ranches C. Posts Ranches C. Posts Ranches 
 
1979 

 
28.8 

 
61.0 

 
59.5 

 
66.7 

 
11.2 

 
16.0 

 
1980 

 
26.0 

 
61.8 

 
61.0 

 
55.6 

 
17.0 

 
9.5 

 
1981 

 
26.0 

 
27.6 

 
61.4 

 
66.7 

 
16.5 

 
12.5 

 
1982 
 

 
25.3 
 

 
48.0 
 

 
61.8 
 

 
63.6 
 

 
18.1 
 

 
16.7 
 

 
 
 
Larger Herds 

 Average Herd Size 
Class 101+ 101-500 

 

Ratio of Births 
to cows 

 

Ratio of Deaths 
to total cattle 

 
YEAR C. Posts Ranches C. Posts Ranches C. Posts Ranches 
 
1979 

 
165.6 

 
267.5 

 
56.2 

 
64.3 

 
10.2 

 
6.2 

 
1980 

 
197.7 

 
247.1 

 
54.7 

 
62.6 

 
9.8 

 
8.5 

 
1981 

 
213.7 

 
267.9 

 
53.0 

 
66.7 

 
10.0 

 
8.7 

 
1982 
 

 
225.1 

 

 
278.0 

 

 
56.6 
 

 
67.5 
 

 
15.6 
 

 
10.1 
 

Source: Adapted from Hubbard, 1982 and Botswana Agricultural   
  Statistics 1979, 1980, 1981, 1982. 
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Figure 1 
 

WEIGHT GAIN PER ANIMAL AND PER HA. 
 

AT DIFFERENT STOCKING RATES 
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Table 4. Protein Production in Extensive Grazing Systems 
 

Region Rainfall 
mm/yr 

Herd 
Species 

Animal 
Protein 
kg/ha/yr 

Animal 
Protein 
kg/man/hr 

Ratio of Fossil 
Fuel Energy to 
Labor (Million 
Joule/Man hour) 

 
USA 
 
Utah 

 
200 

 
lambs 

 
0.3 

 
0.3 

 
105 

 
New Mexico 

 
200-500 

 
diverse 

 
0.5 

 
1.4 

 
142 

 
Texas 
 

 
500-900 

 

 
cattle 

 

 
4.5 
 

 
4.3 
 

 
172 
 

Australia 

Pastoral 
zone 

 
200-500 

 

 
sheep 

 

 
0.4 
 

 
1.9 
 

 
628 
 

Wheat/Sheep 
zone 

 
500-1000 

 

 
sheep 

 

 
5.5 
 

 
1.0 
 

 
218 
 

Mali 
 

Transhumance 
 

300-delta 
 

cattle 
 

3.2 
 

.07 
 
0 

 
Sahel 

 
300 

 
diverse 

 
0.4 

 
.01 

 
0 

 
Savanna 
 

 
300-800 

 

 
diverse 

 

 
0.3-0.6 

 

 
0.01-0.04 

 

 
0 
 

Source: Penning deVries and Djiteye, 1982: 467 as cited in Strykan, 1983. 
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Table 5. Original and Recalculated Comparisons of the Income to Ugandan 
  Pastoralism and Ranching 

 
Original Results1 Revised Results2 

(in US $) 
 

(in kg. grain) 
 

Income 
Measures 

PASTORALISTS RANCHES PASTORALISTS RANCHES 
Nyabushozi Karamoja Ankole Nyabushozi Karamoja Ankole 

 
Income/Hectare 

 
7 

 
7 

 
7(8)3 

 
24 

 
24 

 
11(12) 

 
Income/ME 
(labor force) 

 
163 

 
175 

 
2264 

 
567 

 
567 

 
3735 

 
Income/Head 
(cattle) 
 

10 11 13(14) 34 34 21(23) 

Source: Adapted from Ruthenberg, 1980: 
 
Notes: 
 

1. Income valued in U.S. dollars. 
 
2. All returns expressed in Kg of consumable grain based on the following 

conversions: 
 

(i)   $91=200 kg meat=150 kg of consumable grain based on Dyson-Hudson 
and Dyson-Hudson (1969). 

 
(ii)  Assume that sold pastoral animals produce 180 kg of meat and ranch 

animals produce 200 kg of meat. 
 
(iii) 200 Kcal/100 grams of meat, 65 Kcal/100 grams of milk, and 360 

Kcal/100 grams of corn meal (Teitelbaum, 1977). 
 
3. Derived without deducting the costs of hired labor. Applies to all 

values in table within parentheses. 
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Figure 2 
 

TERMS OF TRADE OF ANIMALS FOR MILLET IN NIGER 
 

TANOUT ARRONDISSEMENT 
 

 
Note:  Dates in parentheses indicate the impact of bad harvest years. 
Source: Sutter, 1982:49. 
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Table 6. Comparison of the Economic Performance of Different Livestock 
Systems in Kenya’s Maasailand1 

 

Criterion of Productivity Undeveloped 
Group Ranches 

Developed 
Group Ranches 

Individual 
Ranches 

 
Offtake rate as % of 
Cattle2 

 
11.9 

 
8.4 

 
9.5 (15.8)3 

 
Gross Output/Herd-Capital 
ratio % 4 

   

 
Sales only 

 
14.9 

 
13.2 

 
17.6 

 
Sales & Subsistence 

 
25.1 

 
25.0 

 
23.2 

 
Net Output/Herd-Capital 
ratio5 

 

23.1 21.4 21.8 

Source: Sanford, 1983: 125 based on Meadows and White, 1981. 
 
Notes: 
 

1. Land is communally owned on the group ranches and privately owned on 
the individual ranches. Developed group ranches have access to some 
modern technical inputs, while the undeveloped group ranches 
essentially represent the unimproved Maasai pastoral system. 

 
2. Includes offtake for both sales and subsistence purposes. 
 
3. Includes animals purchased for fattening and resale. 
 
4. Includes milk. 
 
5. Includes all livestock (small stock and cattle) and is based on milk 

sales and subsistence production. Excludes animals purchased for 
fattening and resale. 
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METHODOLOGICAL CHALLENGES IN ANALYZING THE 
HOUSEHOLD IN FARMING SYSTEMS RESEARCH: 
INTRA-HOUSEHOLD RESOURCE ALLOCATION 

 
Catherine McKee 

 
INTRODUCTION 

 
Despite the centrality of the farm household to the FSR process, 

there has been remarkably little attention by FSR theorists and 
practitioners to that unit. Yet, as Norman and others have recognized, the 
focus of FSR on adoption and adaptation of technology requires attention 
to the "human element" and the need to view technology from the clients' 
viewpoint. 

 
What happens when a new agricultural technology is introduced? 

Within the smallholder sector, it is the farm household that must decide, 
in the final analysis, whether and how to adopt the innovation. Depending 
on the nature of the proposed changes in inputs and practices, the 
household and members therein must determine how to reallocate the land, 
labor, and capital resources currently at its disposal, or how to mobilize 
new resources. Just as we have recognized the necessity of looking at 
differences between households, in order to assess the productivity and 
equity effects of agricultural technologies, so must we look within the 
household at the variables and interactions which determine the 
household's response to new production opportunities. A closely related 
corollary is that the large, inter-household variations we have observed 
in willingness and ability to adopt new technologies may be explained in 
substantial part by examining more closely these intra-household 
relationships. 

 
Improved understanding of these variables can contribute to the 

design of new agricultural technologies more appropriate to the needs and 
circumstances of particularly disadvantaged households. It can also 
increase our ability to address some of the most perplexing questions 
about the often tenuous relationships between technological change, on the 
one hand, and actual improvements in the welfare and productivity of the 
intended beneficiaries, on the other. The basic advantage of farming 
systems research (FSR) is commonly agreed to be its potential to make 
research relevant to resource-poor farming households, to develop 
technologies appropriate to their needs, and to make diffusion of improved 
technologies quicker and more complete. 
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Specifically, analysis of intra-household relationships within a 
farming systems framework can help us address the following sets of 
issues: 

 
1) What types of technologies are needed by the poorest or least 

secure farming households? What are their priorities in terms of 
improvements to the practices and production strategies they have 
developed to cope with limited resources (such as land quantity and 
quality, rainfall, labor, cash and other capital)? 

 
2) How do we explain the divergences between results achieved in 

scientist-managed vs. farmer-managed technology packages? 
 
3) What socioeconomic factors determine whether households of 

different compositions and resource bases can and will adopt 
proposed changes in agricultural technology? How are scarce 
resources actually allocated to accommodate the necessary changes 
in practices and inputs? What, if any, production and household 
maintenance tasks are thereby displaced and with what effects? Who 
are the key decision-makers in adopting new technologies and how 
are these decisions implemented? and 

 
4) What new technologies are introduced and partially or fully 

adopted, what categories of households and individuals gain and 
lose? What are the full ranges of short-term and long-term 
distributional implications of the technologies we propose? 

 
A better understanding of intra-household labor allocation, 

decision-making, deployment of non-labor resources, and incentives can aid 
us at each stage of the FSR process, i.e., in analyzing the key household-
level constraints within the system through diagnosis, in setting 
priorities for technology design, in assessing the socioeconomic 
feasibility and adoption likelihood of different technology packages, and 
in identifying necessary policy changes to improve the distribution of 
resulting benefits and costs. 

 
Which aspects of the complex web of intra-familial interactions may 

be most important for determining acceptance of and benefits from new 
agricultural technologies? Three relationships require particularly 
careful analysis: allocation of family labor among agricultural tasks and 
other activities competing for members' time, patterns of decision-making 
and resource control by various household members, and the structure of 
economic and non-economic incentives for different individuals within the 
household to participate and allocate their time and other scarce 
resources to the new or reorganized enterprises required by the improved 
agricultural technology. The growing empirical evidence on the nature and 
determinants of the interactions of these 
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sets of relationships challenges us to re—examine our assumptions about 
microeconomic production and consumption behavior observed at the 
household level. 

 
Allocation of Family Labor 

 
In its simplest form, this concern could be stated as: "Who will do 

the additional work required by the new agricultural technology?" 
 
Household labor is not an undifferentiated commodity which can be 

aggregated to determine accurately the overall labor available to the 
household. While a certain amount of substitutability undoubtedly exists 
within the family labor pool, for the most part responsibility for 
specific crops, operations, off—farm production, and unpaid household 
maintenance tasks is allocated between different members according to 
their age, sex, abilities and experience, and status within the household. 
This specialization of labor means that different family members have 
different labor profiles throughout the year. Even in a basically labor—
surplus rural economy, for example, or in a situation where the household 
is judged to have idle labor resources in the aggregate, certain family 
members may actually be over employed at certain times of the year in 
essential unpaid and/or low-productivity tasks. If their labor is required 
for new tasks as a result of changes in agricultural technology, since 
those new tasks are considered their responsibility under prevailing labor 
allocation patterns, it is not at all clear that other family members will 
devote additional time to that unpaid and/or low—productivity work 
displaced by the new demands. 

 
An example might illustrate this point. With the introduction of a 

higher—yielding cereal variety, more labor will be demanded for 
harvesting, processing, and storage activities (which generally account 
for a high share both of total farm labor expenditure on the crop, and of 
total value—added from the crop). If non-family labor cannot be hired 
because of unavailability or unaffordability, the women and children of 
the household may be expected to provide most or all of the additional 
labor, since as a rule they are considered to have primary or sole 
responsibility for tasks such as food processing and storage. Yet this 
exacerbated labor peak may coincide with other major demands on their 
time, such as harvesting of another crop, pursuit of off—farm employment, 
or fuelwood and water collection. If the additional labor demands are 
accommodated by these family members, production of other essential 
household goods and services may thus be reduced. Mechanization can create 
an analogous situation, where use of machines and/or draft animals to 
perform land preparation tasks (which are often the responsibility of 
adult males) may permit expansion of land under cultivation, thereby 
creating additional labor demands for un-mechanized weeding, harvesting, 
and processing tasks (which are often the domain of women and children). 

 
To summarize, examination of intra-household labor allocation 

suggests that: 
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Different family members have responsibility for different 
tasks and hence have different labor profiles. Depending on 
whether they are paid or unpaid and have employment options in 
the outside labor market, the opportunity cost of household 
members' labor also varies. 
 
Introduction of new technologies may exacerbate labor peaks 
for specific family members at specific times of the 
agricultural year. Further, it may change the labor 
productivity of certain members in certain tasks but not of 
others. 
 
The new labor peaks may compete with family members' 
responsibilities outside of direct crop cultivation, such as 
processing of livestock products, other off—farm agricultural 
activities, food preparation, water and fuel wood collection, 
or childcare. 
 
In the short—run, substitutability among the labor inputs of 
various family members is likely to be limited, while in the 
longer term the sexual and age division of labor may be more 
flexible than is commonly assumed. 
 
At this point, we know very little about how the farming 
household mobilizes the additional labor required by new 
technologies, nor of the costs of this reallocation in 
foregone goods and services. Knowledge of the intrahousehold 
division of labor can aid in diagnosing household labor 
constraints and in predicting household response to new 
production opportunities. 
 

Intra—household Decision—making and Resource Control 
 

In terms of their relevance to farming systems analysis, the most 
important areas to be examined related to intra—household decision—making 
and resource control are: 1) responsibility for day—to—day farm 
management; 2) investment decisions in agricultural activities and 3) 
choices about household consumption of agricultural commodities. Just as 
different family members have different paid and unpaid work 
responsibilities, so they have different rights and responsibilities for 
decision—making and allocation of non—labor resources within the range of 
household enterprises. Sometimes these decision—making patterns among 
family members correspond to the labor allocation patterns, but often they 
do not. 

 
An example may clarify this distinction for each of the three 

decision—making areas highlighted above: 
 

a) Farm management: In many Sahelian farming systems, adult males have 
primary responsibility for deciding about the timing and nature of 
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operations related to the cultivation of cereal and cash crops and the 
maintenance and sale of livestock. While women contribute much of the 
labor for cereal production in such activities as weeding, harvesting, 
processing and storage, the allocation of this labor is principally 
determined by their husband, or by a male relative if the husband is 
absent. The wife or wives generally have virtual autonomy, however, in 
decision—making about cultivation and disposition of legume, vegetable and 
condiment crops and about processing and sale of milk products. In some 
cases, more than one individual in a household may make decisions about 
different activities in production of a single crop; a Senegalese study of 
5000 households, for example, identified 12, 000 distinct decision—makers 
for rice production. 
 
b) Investments in agricultural inputs, and/or allocation of non—labor 
resources such as land and cash: Responsibility for these decisions may be 
divided within the household according to age, sex, status, and work 
obligations. If the new technology's success depends upon additional cash 
investments or mobilization of new resources which family member(s) share, 
who is (are) the appropriate decision—maker(s)? 
 
c) Consumption and the allocation of agricultural products between home 
consumption and sale: Decisions about family food consumption and 
nutrition often lie solely within the domain of women, and failure to 
consult them about preferred or required food characteristics may very 
well lead to non—acceptance of new crop varieties. A Central African case 
offers a striking illustration of this, where the first improved potato 
variety introduced by the International Potato Center (CIP) was fully 
rejected by the intended beneficiaries because of its color, texture, 
taste and cooking qualities. Thus, if those responsible for food selection 
and preparation decisions are consulted directly at the farming systems 
diagnostic and testing stages, rather than posing questions to the male 
household head, we are likely to get more detailed and accurate responses 
to guide the technology development process. We recognize that animals 
consumption choices in terms of forage and fodder (interpreted by the 
farming household) are a key factor in technology adoption, but in the 
cases where we could ask female decision—makers about consumption issues, 
generally we fail to do so! 

 
Thus, in the agricultural technology generation process, our work 

will be greatly aided in determining priority interventions and in 
designing appropriate improvements if we assess the following: 

 
Who is the appropriate decision—maker with respect to this 
particular crop or process? 
 
Which crops, which tasks, whose labor, whose cash, and whose 
land will be affected by the proposed technology change? 
 

Assuming that the male farmer makes all these decisions or accurately 
represents the interests and intentions of other members of the farm 
household may yield the wrong answers. Emerging empirical evidence 
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challenges the prevailing assumption in microeconomic analysis that 
decision—making within the household is unified and consensual rather than 
the result of negotiation, and thus brings into question the validity of 
the technique of interviewing a single family member, i.e., the household 
head (however defined), about decisions to be made across the whole range 
of household enterprises. 
 
Incentives 
 

The final intra—household variable I would like to discuss is the 
incentive structure within the household, and the questions that are 
central to an analysis of participation in proposed technology changes: 
Who benefits from the intervention and who will control the output, 
whether in the form of more cash, more agricultural products, freed land, 
or freed time? And what are the implications for agricultural investment 
and technology adoption of the distribution of an intervention's benefits 
and costs among members within a household? 

 
Recent evidence has challenged the underlying assumption of 

microeconomic analysis that the household's interests can be aggregated 
into a single utility function, with its implicit corollary that the 
production and consumption objectives of individual family members are 
complementary rather than conflicting and that benefits and costs of 
change will be equitably distributed. These assumptions are particularly 
problematic in the many societies where the division of obligations for 
family maintenance is highly gender—specific, so that men and women 
allocate resources under their control to activities that best enable them 
to fulfill these obligations, rather than to the activities that are most 
productive from an aggregate household perspective. A very clear example 
of this is the case of polygamous households, in which household income 
generally is not pooled and each wife has clear and distinct 
responsibilities for herself and her children. In such cases, rather than 
viewing the household as a single maximizing small firm, it may be more 
appropriate to view it as a composite of small firms, allocating resources 
according to separate utility functions. The analysis of incentive 
structures within the household helps to explain the abundant evidence of 
women's search for and protection of independent income sources, as well 
as their preferences to allocate their labor resources to activities over 
which they control the product, e.g., dairy processing for household 
consumption and sale, rather than unpaid weeding of cereal fields 
controlled by their husbands. 

 
An example of the distributional consequences of a new livestock 

technology may illustrate how the extent to which a new technology is 
viewed as an improvement will vary according to the individual family 
member's perspective. If men control livestock maintenance and the cash 
from the sale of animals, on the whole they would favor interventions 
which would increase live—weight and quality of stock. Women, if they 
receive income from sale of milk, cheese, and other dairy products, as if 
often the case, would stand to gain most from interventions which 
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increased calf survival or interventions which permit an increase in the 
number of animals under current land and labor constraints. If improved 
technologies are to be developed and tested, it is clearly important to 
understand who will have an incentive to participate (if additional labor 
is necessary) and to make cash outlays (if purchased inputs are required). 
 

There are two key conceptual challenges in the use of intra- 
household analysis to strengthen the FSR process: 

 
A. What is the appropriate unit of analysis for FSR? How do we 

delineate the boundaries of the household? Who is (are) the farmer(s) 
within the household to whom research questions and the technology design 
and testing processes are directed? In sum, who are the FSR clients and 
research subjects, and how can technological interventions be tailored to 
the needs of various client groups? 

 
B. Once we've determined the appropriate unit(s) of analysis, how 

can we determine its objectives with respect to its portfolio of crop and 
livestock production, complementary enterprises, and off-farm activities? 
Here it is important to recognize the household a3 both a production and 
consumption unit. The household has been postulated to have different 
hierarchies of objectives to be maximized, ranging from yield increases of 
specific crops to marketable surpluses, for cash sale or barter to the 
food/nutritional value of agricultural production to some measure of 
return to the household's moat limiting production constraint. Since the 
household's objectives are posited to be the most important determinant of 
the technology development process in FSR, it is clearly essential to 
assess them accurately, which requires an in-depth understanding of 
household composition and intra-household processes. 
 
METHODOLOGICAL PROBLEMS OF ASSESSING INTRA-HOUSEHOLD VARIABLES AND 
PROCESSES 
 

What data should be collected, at which points within the FSR 
process, and for what purposes? Two general issues must be addressed. 
First, the expense and complexity of FSR field studies places the burden 
upon the FSR team to carefully prioritize a limited number of intra-
household variables and interactions for examination, based upon its 
understanding of local production systems, constraints, and socioeconomic 
conditions. And second, there is a challenge, particularly for social 
scientists involved in FSR (including economists), to develop and adapt 
from their respective disciplines more "streamlined" methodologies for 
intra-household measurement and analysis. 

 
What are the principal methodological challenges in analyzing the 

farming household in terms of its patterns of labor allocation, 
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decision—making, and resource flows (and the incentive structures 
associated with them)? I will highlight six issues: 
 

A. Defining the household: should it be defined in terms of its 
production, consumption, residence, managerial, income or investment 
functions? Might it be useful to formulate typologies of household 
composition as one criteria in selecting the sample within the 
recommendation domain? 

 
B. Defining the farming system: where to place the boundaries in 

determining what is exogenous vs. endogenous to the system. How much do we 
need to know about the overall household production/consumption system in 
order to specify a production subsystem on which to focus the initial FSR 
inquiry? How can we determine the hierarchy of constraints or needs? 
Gilbert, Norman et al. have recognized, for example, the need to 
supplement analysis of crop production with an understanding of livestock 
production, marketing, and off—farm enterprises-how, in practical terms, 
can the system then be defined? This raises for us the challenge of 
partial farm vs. whole farm vs. whole household budget and analysis. 

 
C. Defining the farmer: who is the appropriate decision—maker with 

respect to proposed intervention(s). Should one use labor inputs, vs 
ownership vs. management vs. investment criteria for determining the 
appropriate decision—maker? Here there are two methodological problems: 

 
1. Use of household head as a surrogate for aggregated decision—
making is a very gross oversimplification. The literature is 
beginning to document quite clearly that many households are not 
homogeneous decision—making units which maximize a joint utility 
function--rather, a polygamous household may be more like a series 
of small firms with separate utility functions. 
 
2. How should the practitioner deal with the problem of multiple 
decision—makers, and with absent ones? 
 
D. Identifying sources of labor: who is going to do the work? 

Measurement and valuation of labor by different categories of household 
labor may be especially important when labor is more of a key constraint 
than land. 

 
Aggregating labor profiles of individual family members to obtain 

"household labor profile" essentially assumes that labor is absolutely 
substitutable, but actually, there are significant sex differentials in 
labor bottlenecks over the season, due to the sexual division of labor. We 
need to figure out how to better characterize sexual division of labor and 
measuring labor inputs, disaggregated by age and sex. 



601 
 

Valuing labor also affects its availability for various agricultural 
tasks. We have traditionally assumed there is low opportunity cost for 
female labor. There are problems in the FSR process' implicit or explicit 
reliance on the market mechanism to value women's labor. How should we 
analyze the labor displacement within household and lost goods and 
services which may not be valued in the marketplace but have a high 
subsistence value? 

 
E. Measuring resource flows within household. The intra-household 

incentive structure bears a crucial relationship to both the ability and 
the willingness of the household and its members to adopt new 
technologies. This relates back to the problem of utility functions and of 
determining the household's objectives. 

 
F. Monitoring/evaluation of a new technology's impacts and distri-

butional consequences within the household. Relevant evaluation criteria 
vary according to the perspective of different household members, since 
there may be conflicting interests if the new technology requires 
allocation by individuals of additional labor, cash, or other resources, 
which is not compensated by some share of the resulting gains. 
 

Gender may play a central role in differentially allocating the 
fruits of innovation, especially when the sexual division of labor and 
economic responsibility is quite distinct. 

 
How can we best monitor and assess the second-order consequences of 

technological interventions, in terms of income, nutrition, workload, 
status, etc? For the purposes of FSR, it is important to know how the 
household and its members have adjusted and reallocated their resources to 
accommodate the new technology. 

 
SUGGESTIONS FOR INCORPORATING IMPROVED ANALYSIS OF INTRA-HOUSEHOLD 
PROCESSES WITHIN THE FOUR-STAGE FSR PROCESS 

 
While we are still far from having streamlined, robust methodologies 

in our tool kit, there are feasible means to improve, at a minimum, our 
analysis of intra-household factors within FSR frameworks currently being 
employed. My suggestions relate to the specific multi-stage FSR/E process. 

 
(i) At the pre-diagnostic stage, it may be useful to conduct a 
complete review of the existing anthropological and 
sociological literature which disaggregates the household's 
division of labor, decision-making patterns, and control of 
returns from production, for the specific sample areas to be 
studied (the recommendation domains, in the CIMMYT 
terminology). This may suggest the most important intra-
household interactions to be examined during the iterative 
research process which follows. 
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(ii) At the diagnostic stage, we may wish to consider 
household type and composition as important variables in 
selecting the recommendation domain and the households to be 
sampled within that domain. For example, if a high proportion 
of households are headed by women, and if we have reason to 
believe that their resource access is different from that of 
men-headed households, we may wish to include such households 
in our sample, as this characteristic may shape household 
priorities for technology design and responses to new 
technologies at the testing stage. This point relates to a 
larger question within farming systems analysis, in my view -- 
that is, how do we determine what constitutes a 
"representative farmer" within a specific context? As part of 
the diagnostic process, the FSR team will need to decide for 
which socioeconomic variables it is necessary to look within 
the household. In assessing the highest priority interventions 
from a sample household's perspective, we should try to 
interview the appropriate decision-makers and then make a 
quick-and-fairly-clean attempt to assess which technologies 
would be improvements from the viewpoint of different family 
members. Since the formal field diagnostic survey often 
includes qualitative questions, it may be possible to assess 
these variables through this channel. If specific labor, 
decision-making, and incentive issues are identified which 
seem to be critical, it may be necessary to organize 
complementary studies for their analysis. 
 
(iii) At the technology design stage, the input of female 
scientists and field workers may reduce the incidence of 
incorrect assumptions about relationships within the 
household. 
 
(iv) At the testing stage accuracy of response may be 
increased by involving the appropriate family members in the 
field tests (appropriate from the perspective of who 
contributes the labor, who decides about application of the 
new technology, and who will benefit). This is obviously most 
important at the testing stages which are jointly managed by 
scientists and farmers or are farmer-managed. It may also be 
useful to monitor how the farm household actually copes with 
the reallocation of resources required by the new technology. 
 
(v) And finally, at the extension stage, it is, of course, 
important to involve women farmers and farm workers, as well 
as female extension agents, in diffusing technologies for 
crops and tasks in which women predominate. 
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In some cases, it is possible to incorporate improved analysis of 
the farm household's patterns of labor allocation, decision-making, and 
resource flows directly within the FSR process as currently practiced in 
the field. In order to do so, however, and to analyze adequately some 
types of especially important intra-household interactions, it may be 
necessary to undertake complementary social science research, to inform 
the characterization of the production systems, specification of the 
recommendation domain, and prioritization of technological interventions 
for in-depth experimentation. Such complementary study is analogous to the 
biological research performed on experiment stations, which is also viewed 
as an important complement to the iterative FSR process. The literature on 
the household is rich and growing--why is it so seldom reviewed as an 
integral part of FSR as practiced in the field? 
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DESIGN AND EVALUATION OF NEW TECHNOLOGIES 
FOR ADOPTION BY SMALL FARMERS: 
AN EXAMPLE FROM THE PHILIPPINES 

 
James A. Chapman 

 
The development of new technology appropriate for adoption by small-

scale farmers is a major objective of farming systems research (FSR). This 
paper presents a set of criteria to aid in the design and evaluation of 
new technologies, and then uses them to examine a number of technologies 
potentially useful for small farmers in a rainfed area of the Philippines. 
 
THE CRITERIA 
 

The determination of criteria to be used in judging whether or not a 
new technology is potentially beneficial and acceptable to farmers should 
come during the initial stages of the farming systems research process. 
Such criteria guide the research, enabling technicians to specify aspects 
of new technologies which must be present in order to enhance 
productivity. They also aid in the determination of research priorities by 
helping to identify those new technologies with the highest potential 
payoffs or levels of acceptability. 

 
Based on a review of FSR literature (particularly Collinson, 1978) 

and the personal experience of the author in participating in a cropping 
systems research effort in the Philippines, the following criteria were 
selected for assessing current and potential farm technologies. 

 
Resource utilization 

 
How does the technology in question make use of scarce resources 

(e.g. land and capital) and plentiful resources (e.g. labor)? Technologies 
which maximize the use of abundant resources or minimize the use of scarce 
resources will be favored. 

 
Contribution to household objectives 

 
Will the new technology increase the quantity of preferred food for 

family subsistence or the amount of income derivable from productive 
activities? Is food produced at times when family food stocks are usually 
running low? Does the new technology enable production at 
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previous levels at a reduced resource cost? In order to be acceptable to 
farmers, any new technology should be production (income) increasing, cost 
reducing, or both. 
 
Institutional requirements 

 
What will be the effect of the new technology on the community 

resource system? Will new inputs, or greater quantities of current inputs 
have to be provided? Are marketing channels available for the increased 
output? Input delivery systems (including credit) are often poorly 
developed in rural areas. This fact tends to favor technologies that do 
not call for great changes in resource delivery systems over those that 
do. 
 
Managerial requirements 
 

Small farmers generally make changes in small steps which they view 
as consistent with their circumstances, abilities and risk preferences. 
They rarely adopt complete complex technological packages, which are 
sometimes quite dependent upon appropriate timing of crop activities (e.g. 
planting, fertilizing) and high levels of non-traditional capital inputs 
(e.g. fertilizer). Preferred technologies are those which are flexible: 
only a few, fairly simple managerial adjustments are required and the 
success of the technology is not overly contingent upon timing and level 
of input use. 

 
Agroclimatic requirements 

 
Is the new technology compatible with the natural circumstances 

prevalent in the area? New technologies must fit into the natural 
environment, especially when new crops or crop sequences are being 
proposed. 

 
Acceptability to farmers 

 
The criterion of the farmer acceptance summarizes the preceding 

criteria and allows for the inclusion of other criteria that may not have 
been detected previously. Farmer acceptance of existing technology can be 
objectively determined by examining adoption trends. Judging the 
acceptability of notional technologies is more difficult, as farmers 
cannot draw upon their own experience with the technology in order to 
reach a conclusion. Once the characteristics of the technology have been 
explained, however, most farmers are able to predict a likely response. 
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APPLICATION OF THE CRITERIA 
 

The preceding criteria were used to evaluate new technologies being 
developed by the Cropping Systems Program at IRRI as well as those which 
arose as a product of the field research process, which examined the 
farming systems of a group of small farmers located in a rainfed lowland 
area in Iloilo Province, the Philippines (Figure 1). 

 
The predominant activity of the Iloilo farmers is rice production, 

usually in combination with upland crops planted either before or after 
rice. Rice and upland crops are planted in distinct seasons, determined 
largely by the amount of water required for plant growth (Figure 2). The 
rice-growing (drought-free) season usually lasts for 5—6 months. Upland 
crops can be grown during two periods of the year; at the beginning of the 
wet season, and in the transition period from a flooded to a drought 
state. In other periods, upland crops would likely suffer due to either 
drought stress (February - April) or the presence of excessive moisture 
and flooding (June - October). The "competitive" period, when either rice 
or upland crops can be grown, normally has duration of just over one 
month. 

 
Although there is some year to year variation in the length of the 

growing seasons depicted, they can be considered safe in the sense that in 
most years, the probability of significant yield reductions due either to 
drought stress or excessive moisture is low. However, crops grown outside 
the designated safe periods are subjected to production risk, with the 
level of risk increasing with the length of growth time outside the 
period. 

 
Rice forms the basis of the typical diet in Iloilo, usually 

supplemented by modest amounts of fish and vegetables. It is also the 
principal source of cash income, with production above consumption needs 
being readily sold either to the government or on local markets. Most of 
the food consumed by rural families is produced by the family on either 
owned, rented or sharecropped land. There is some division of labor 
allocated to crop production by age and sex, with adult males undertaking 
land preparation with draft animals and women and small children 
participating in weeding and harvesting activities. Hired labor use is 
concentrated during the harvest, with laborers receiving a one-sixth share 
of the production for their efforts. 

 
Though Iloilo farmers have partially adopted improved rice varieties 

and modified planting techniques, the overall level of adoption of modern 
technology is low. This is manifested in the limited use of technology-
embedded inputs such as machinery and agrochemicals. This is due in some 
cases to a low perceived benefit-cost relationship of such technologies, 
while in others it is due to the fact that cash or credit is unavailable 
for input purchase. 
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TECHNOLOGY EVALUATION 
 

Given the importance of rice in Philippine rural society, and 
assertions of Iloilo farmers regarding the desirability of increasing rice 
production on their farms, the technologies chosen for analysis deal 
mainly with rice. Two types of new technologies are examined: existing and 
notional. 

 
Existing new technologies are those which have been developed, are 

known to farmers, and are in some stage of the process of adoption (or 
rejection). Notional technologies, on the other hand, are undeveloped or 
poorly developed, but have a recognized potential for adoption by farmers 
in specific ecological and socioeconomic circumstances. According to 
Anderson and Hardaker (1979): 

 
Notional new technologies are, because of their hypothetical 
nature, cheap to invent and bounded only by the imagination of 
the inventor. Since more fully developed technologies have 
their genesis as notions, attention to generating notional 
technologies should not be disregarded. Evaluation of this 
category can range from intuition to analysis, but analytical 
appraisal is essentially confirmed to work on models rather 
than on real systems. 
 
A total of seven existing and notional new technologies will now be 

evaluated according to the aforementioned criteria in the context of 
Iloilo socioeconomic and agroclimatic conditions. Before discussing and 
evaluating new rice technology, however, a description of traditional 
technology is necessary in order to facilitate comparison. Traditional 
technologies evolving over time tend to adapt to environmental 
requirements, bringing certain rigidities to agricultural production 
systems. An example of the phenomenon is the use by farmers of traditional 
rice varieties which mature only during certain times during a year when 
specific daylength requirements are met. In Iloilo, the most common 
traditional rice varieties mature in December when nearly all rains have 
subsided. It is quite beneficial to be able to harvest rice at the 
beginning of the dry season, when plenty of sunshine is available for 
solar drying. This minimizes losses due to grain rotting and germination 
and facilitates the maintenance of acceptable standards of grain quality. 
Moreover, traditional varieties mature at the same time, regardless of 
planting date, enabling farmers forced to plant late in years of late 
rainfall onset to catch up while sustaining relatively minor losses. As 
shown in Figure 3, a traditional rice variety can be planted in June and 
harvested in December. Two months would remain for possibly growing an 
upland crop after rice. 

 
One disadvantage of the traditional varieties is the simultaneity 

with which labor is demanded for specific crop activities, especially 
transplanting and harvesting. It is possible to stagger land  
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preparation, seeding and transplanting of traditional varieties without 
much penalty, though the tendency in rainfed areas is to plant nearly 
simultaneously with the onset of the rainy season. At harvest time, all 
rice in the area matures at once, creating a large demand for harvest 
labor. As Iloilo is not a particularly labor abundant area, the harvesting 
process for any one farm often lasts the whole month of December and 
absorbs large amounts of labor, thus creating a labor "bottleneck. " 

 
An actual labor profile for a rainfed farm planting only traditional 

rice varieties is presented in Figure 4. Land and seedbed preparation take 
place during the June to early August period. Seedlings are transplanted 
during mid-August through early September, and the mature plants harvested 
during December and January. The early onset of rainfall enables planting 
of an upland crop such as green corn before rice crop establishment on at 
least a portion of the farm. Alternatively, drought-resistant crops such 
as mungbean and cowpea can be successfully planted after rice on lower 
fields with heavy soils capable of retaining sufficient amounts of 
moisture. 

 
EVALUATION OF EXISTING NEW TECHNOLOGIES 

 
With the technology evaluation criteria in mind, three alternative 

existing technologies are evaluated to determine their suitability to 
current farming systems in Iloilo. One of the technologies, namely the 
utilization of early maturing varieties, is already in an advanced stage 
of adoption by Iloilo farmers. The remaining existing technologies have 
been tested by the CSP on farmers' fields, but their adoption is not yet 
widespread. All of the technologies discussed pertain to the growing of 
rainfed lowland rice. 

 
Existing Technology 1 - Early maturing varieties (EMVs) 

 
Resource utilization. The early maturation characteristic of new 

varieties causes them to use land for a shorter period during the wet 
season than do traditional varieties. This allows greater cropping 
intensity, assuming the time gained during the wet season can be used 
productively. Low photoperiod sensitivity allows better use of a usually 
abundant resource, labor. The EMVs generally require as much labor as do 
the traditional varieties, but some of the requirements during periods of 
high labor demand can be reduced. For example, labor requirements can be 
spread out over time by staggering land preparation and planting. 
Furthermore, since new varieties are of a relatively fixed field duration, 
harvesting labor requirements can also be spread out. 

 
In order to realize their yield potential EMVs require increased 

amounts of fertilizer (especially nitrogen). This implies the increased 
use of relatively scarce small farm resources, namely cash or credit to 
obtain the needed inputs. Recommendations by researchers also call for 
increased use of other complementary inputs such as herbicide and 
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insecticide. These inputs, however, appear to affect yield less strongly 
than does fertilizer. 

 
Contribution to household objectives. Early maturing varieties 

provide the potential for increased food production and farm income 
through increased yield per planted crop and through the possibility of 
increasing the number of crops planted on the same field during a crop 
season. Since the time between planting and harvest is reduced, food 
becomes available earlier in the season to replenish diminishing stocks, 
an important advantage to those farmers producing at or near subsistence 
levels. Although many of the new varieties approximate the eating quality 
of traditional varieties, some farmers continue to plant preferred 
traditional varieties to fill family food needs, while planting new 
varieties for income generation. 

 
Institutional requirements. The EMVs require an increase in the 

application of productive inputs, especially fertilizer. However, farmers 
generally apply amounts of inputs less than those recommended by 
researchers. Increasing yields and cropping intensity have greatly 
increased the amount of grain which passes through the largely government-
controlled marketing system. Therefore, storage capacity has become a 
major problem in the Iloilo area. The government offers to buy rice at a 
fixed price until its storage capacity is filled. At that point, the 
informal market begins to function. During periods when large amounts of 
rice are being harvested and the government is no longer able to purchase 
rice, produce is sold through local intermediaries, often at prices 
substantially lower than the government "guaranteed" price. Thus, while 
production may have increased, the possibility exists for a net reduction 
in farm income if the reduced output price received by farmers more than 
offsets the value of the increased production. 

 
Managerial requirements. Modern varieties were developed on 

experiment stations under tightly controlled environmental conditions. 
Based on those experiments, recommendations were made as to crop 
management practices necessary to achieve maximum output. The 
recommendations were rather rigid, calling for large amounts of capital 
inputs and a high degree of water control. Furthermore, the 
recommendations contained strict guidelines as to the timing of operations 
such as transplanting and input application. In general, small farmers do 
not possess the quantity and quality of resources necessary to carry out 
these management recommendations, and therefore do not fully realize the 
production potential of the new varieties. 

 
The early maturation characteristic has reduced the risk of yield 

loss due to drought stress, as EMVs are normally harvested within the 
bounds of the rice growing season. Traditional varieties, on the other 
hand, generally mature in December, and often face drought conditions 
before harvest. 
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Agroclimatic requirements. Early maturing rice varieties planted in 
June are ready for harvest in approximately 110 days from the date of 
initial planting, allowing for the possibility of planting a subsequent 
rice crop or an upland crop. 1 A second rice crop, however, would face a 
high probability of drought stress in the flowering and maturity periods 
(Fig. 5). Information gathered from CSP cropping pattern trials in Iloilo 
demonstrates that expected yields from second rice crops are on average 
one-half those of rice crops established at the beginning of the wet 
season. Moreover, while first crop yields tend to be somewhat stable, 
second rice crop yields exhibit large year to year variations. 

 
Acceptability to farmers. During interviews of sample farmers, the 

question was raised as to why they had adopted, or were in the process of 
adopting, new rice varieties. The reasons expressed, in order of their 
importance were: a) increased potential for multiple cropping; b) 
increased yield levels per crop; c) early harvest replenishes rice stocks 
at an opportune time; d) lower incidence of pests and diseases; e) 
resistance to lodging. 

 
Ten out of twelve farmers interviewed listed increased multiple 

cropping potential as the principal advantage of new varieties. All 
farmers mentioned increased per crop yields as important, though generally 
less significant than multiple cropping potential. Farmers with the 
smallest areas suitable for rice crop establishment mentioned early 
harvest as important for replenishing their family's dwindling or non-
existent rice stocks. Pest, disease and lodging resistance were mentioned 
by less than one-half of the sample. 

 
The reaction to EMVs is not entirely favorable, however. The harvest 

of a crop planted at the beginning of the wet season occurs during the 
part of the season when the frequency and intensity of rainfall are high. 
The rice must be harvested wet, causing the manual threshing process to be 
more difficult and time consuming. Significant grain losses may also be 
incurred due to grain rotting and germination if rice is allowed to remain 
wet over a long period. The most common method of drying rice is the use 
of solar energy, a scarce resource in the wet season. 

 
On balance, the advantages of the new varieties seem to outweigh the 

disadvantages, as evidenced by both the adoption behavior of farmers 
(Figure 6) and their verbal responses. 

 
Existing Technology 2 - Dry seeded rice crop establishment (DSR) 

 
Dry seeded rice is not a new technology. The use of DSR in 

conjunction with new varieties, however, is new. 
 
 
 
 
 
 
 
1When transplanted, EMVs take slightly longer to mature (one to two 

weeks) due to time lost as each plant "recovers" from transplanting. 
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Resource utilization. The principal advantage of DSR is that it 
allows the early establishment of a rice crop at the beginning of the wet 
season. This increases the potential for growing a second rice crop under 
relatively favorable moisture supply conditions (Figure 7). If the second 
rice crop can be planted and harvested soon enough, the possibility also 
exists for a third planting under conditions favorable for the growth of 
upland crops. Adoption of the DSR technique would increase the requirement 
for land preparation labor during a period when little or no farm work 
usually takes place. Capital requirements are similar to those required 
for planting early maturing varieties using other seeding methods with the 
possible exception of herbicide. Since dry land preparation does not 
effectively control weeds, the use of herbicide appears to be a necessary 
pre-condition for the adoption of DSR. 

 
Contribution to household objectives. To the extent that DSR 

facilitates increased cropping intensity, the ability to meet household 
food requirements and increase farm incomes will be enhanced. Because 
planting takes place early in the season, rice stocks can be replenished 
at an early date. 

 
Institutional requirements. The institutional requirements for DSR 

would be similar to those for establishing any new early maturing, high 
yielding rice variety. 

 
Managerial requirements. Three significant problems have been 

encountered with DSR as a planting strategy: (a) poor and uneven 
germination; (b) death of germinated seedlings due to drought; and (c) 
excessive weed growth. 

 
Problems (a) and (b) are influenced by the nature of the rainfall 

distribution before the onset of heavy sustained rains. Thus, they are 
beyond the farmer's control once the fields have been prepared and seeded. 
Problem (c), excessive weed growth, is controllable by farmers assuming 
that sufficient labor and cash resources are available. 

 
Timing in DSR is critical, as fields must be prepared and planted at 

the very beginning of the wet season. After seeding, rainfall causes both 
weed and rice seeds to germinate. Since fields are never perfectly level, 
soil moisture conditions differ in different parts of the field, causing 
uneven germination. Due to their low photoperiod sensitivity, new 
varieties will mature in roughly a constant period of time after 
germination. Therefore, if germination occurs unevenly, maturation will 
also be uneven, thus delaying or complicating the harvesting process. 

 
Agroclimatic requirements. Poor initial crop stands are likely if 

there is either too little or too much rainfall. If rainfall is heavy soon 
after dry seeding and sufficient water accumulates, seeds and young 
seedlings may drown. On the other hand, a two to three week dry spell 
after seeds have germinated can cause the death of a high proportion of 
young seedlings. 
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As rainfall tends to be unstable in both frequency and intensity at 
the beginning of the wet season, the probability of poor initial crop 
stands combined with strong competition from weeds is high. The type of 
damage likely to be suffered depends upon the position of the field within 
the topographic sequence and the type of soil. For example, paddy fields 
on side slopes or fields with light soils would be most likely to receive 
insufficient moisture to support a dry seeded crop in its early stages. 
Dry seeded fields in the lower landscape positions, or with heavy soils 
which easily impound water, would be most susceptible to flooding damage 
should initial rainfall be intense or very frequent. 

 
Acceptability to farmers. Interviews and discussions were held with 

farmers trying DSR during the period of crop growth and subsequent to its 
harvest. Farmers who decided not to try DSR cited rainfall uncertainty and 
high expected weed growth as the main reason for their choice. Of the 
farmers that did try DSR, two said that they did not plan to repeat the 
technique the following year, due to poor yields caused by the previously 
mentioned conditions. A third farmer, who established DSR on a very low 
landscape position, achieved good results and is planning to continue the 
practice in the future on the same fields. 

 
Examining the performance criteria stated at the beginning of this 

paper, one finds DSR deficient on two points. First, it appears that the 
levels of hand weeding labor and cash for purchase of chemical inputs that 
farmers must have available in order to successfully utilize the 
technology are higher than farmers are willing or able to allocate. 
Second, DSR increases rather than reduces the effects of uncertainty on 
the farm system. In order to achieve the potential benefits desirable from 
DSR, the farmer must subject himself to a higher probability of yield loss 
due to flooding, drought stress and competition from weeds. Finally, with 
respect to farmer acceptability, the adoption of DSR as a crop 
establishment technique has been quite low. 

 
Existing Technology 3 - Transplanting the second rice crop (TPR) 

 
One means of increasing the potential yield of a second rice crop 

following the harvest of an EMV is to transplant the succeeding crop using 
mature (35-45 days-old) seedlings (IRRI, 1979). The second rice crop, also 
an EMV, must be sown in seedbeds before the harvest of the first crop and 
transplanted into the main field once the previous crop is harvested and 
the field has been prepared. The transplanted crop will mature in about 75 
days after the date of transplanting (Figure 8). The probability of yield 
reduction due to drought stress is reduced as the amount of time necessary 
for the crop to be in the field after planting is shortened. 

 
Resource utilization. Transplanting the second rice crop with 35-40 

day-old seedlings can enable farmers to harvest two rice crops in 
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a single season with a lower risk of severely reduced yields for either 
crop. There are, however, two significant factors which limit the adoption 
of this technology: 
 

1. A portion of land must be set aside (not planted to a first  
 rice crop) for seedbed preparation. 
 
2. Labor must be available for transplanting when seedlings are  
 mature and fields are prepared. 

 
The first factor is relevant mainly to the smallest farms. Part of 

the income generated by a transplanted second crop must pay the cost of 
the foregone opportunity of a first crop of rice growing on the seedbed 
area. The second factor mentioned, that of transplanting labor 
availability, is probably most significant. During the time when 
transplanting of the second crop should take place, rice crops on other 
fields in the surrounding areas are being harvested.. The wage rate for 
harvest labor (including threshing) is based on a crop share, while the 
transplanting wage is usually a fixed amount. The transplanting wage was 
set when mainly traditional varieties were being used, and few alternative 
employment activities existed for transplanting labor. With the greatly 
increased adoption of non-photoperiod sensitive varieties, opportunities 
for harvest labor are available throughout most of the rice-growing 
season. The harvest wage varies with the yield of the crop, generally in 
the same direction. That is, the higher the yield per unit area, the 
higher the harvest wage per unit time. The analysis of farm records has 
shown that harvest wage rates vary from roughly equal to as much as four 
times the transplanting wage.2 Since many of the harvesters are landless 
laborers, their share of the harvest may be worth something closer to the 
retail price of rice than the wholesale or farm gate price. If the rice 
earned is used for consumption, then a milling fee is the only additional 
cost, as they often transport the rice themselves and have no marketing 
expenses to pay. Therefore, the real harvest wage was as high as eight 
times the wage being offered for transplanting. This of course restricts 
the supply of labor for transplanting during harvest time. 
 

Contribution to household objectives. Transplanting the second rice 
crop allows farmers to increase their cropping intensity, thereby 
increasing food production and farm income. 

 
Institutional requirements. Transplanting is a common farm practice 

which requires no new capital inputs from outside the system. Other 
requirements would be similar to those which would necessarily accompany 
the adoption of any new variety. 
 
 
 
 
 
 
 
 

2These figures reflect valuation of the harvesters' crop share at 
the farm gate price of rice. 
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Managerial requirements. Managerial changes associated with the 
adoption of this technology would be minimal, as farmers are already 
familiar with transplanting techniques. The changes that would have to 
occur involve reducing the amount of land planted to the first rice crop 
in order to provide space for growing a seedbed, increasing the seedling 
transplanting age in order to reduce the amount of time the crop is in the 
field, and increasing the density of transplanted seedlings. 

 
Agroclimatic requirements. As demonstrated in Figure 8, 

transplanting the second rice crop enables the two-crop sequence to fit 
mostly within the time period allotted for rice production. The major 
difference from previous recommendations for transplanted rice concerns 
the age of the seedlings upon transplanting. Experimental trial: 
undertaken at IRRI in 1978 evaluated yield and growth duration effects of 
old seedlings. Average grain yields were significantly reduced when old 
seedlings were used when the transplanting intensity was three seedlings 
per hill. However, the use of an increased number of seedlings per hill 
was found to increase the yield of plots planted with 40-day-old seedlings 
to levels similar to those planted with 18-day-old seedlings (IRRI, 1978; 
Table 31). 

 
Acceptability to farmers. Farmers in Iloilo have demonstrated a 

general reluctance to allocate land to seedbeds and to forego the more 
certain first rice crop for what they consider to be a less certain 
outcome for a second rice crop. Furthermore, farmers have been well versed 
on the necessity of transplanting EMV seedlings early (18-20 days after 
seeding). They therefore expect inferior yields using the older seedlings 
that form the basis of this new technology. 

 
In Iloilo, there is not an overabundance of landless people offering 

their services as temporary agricultural laborers. In fact, many farmers 
with small holdings forego productive opportunities on their own farms in 
order to work as harvesters in neighboring larger farms. Moreover, it is 
unlikely that farmers in the area would be willing to increase 
transplanting wages sufficiently to attract labor that would ordinarily be 
used in harvesting. 

 
In evaluating this technology according to the criteria for 

appropriateness presented at the beginning of this paper, we find that 
transplanting the second rice crop can improve the productivity of land 
(by increasing expected yield) and can reduce the effects of uncertainty 
on the farming system (by reducing the risk of yield loss due to drought 
stress). However, it is not compatible with the level of labor and capital 
farmers are willing and able to reallocate. 
 
EVALUATION OF NOTIONAL TECHNOLOGIES 
 

The previously evaluated technologies can be considered relatively 
developed in the sense that at least preliminary field testing and 
evaluation has occurred. As demonstrated previously, a large scale 
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adoption of Existing Technology 1 (EMVs) by farmers has already taken 
place. Existing Technologies 2 and 3 have been developed and tested, but 
adoption by farmers is not yet widespread. In this section, four notional 
new technologies will be briefly described and evaluated in the context of 
Iloilo rainfed farming systems. Each of the notional technologies is 
designed to enhance farm productivity, either by improving the utilization 
of currently available resources (especially land during the wet season) 
or by contributing to the alleviation of some of the problems plaguing 
unacceptable existing technologies. 
 
Notional Technology 1 - Very early maturing varieties (VEVs) 
 

As mentioned previously, early maturing varieties do not provide the 
opportunity for double rice cropping under rainfed conditions without 
entailing a substantial risk of yield reduction due to drought stress of 
the second rice crop (Figure 5). One potential means of allowing double 
rice cropping under less risky conditions would be to develop varieties 
with an even shorter maturation period (Figure 9). 

 
Resource utilization. By enabling the planting and harvesting of two 

rice crops per season, VEVs would require increased amounts of labor and 
capital inputs than are currently employed under single crop production 
systems. Land would become roughly twice as productive as it currently is 
in areas where multiple rice crop potential is low using existing EMVs. 

 
Contribution to household objectives. VEVs would contribute an 

increased supply of rice earlier in the season than late maturing 
varieties. Initial adopters of such varieties would likely obtain higher 
prices for their output due to the early harvest, thus generating greater 
farm incomes. Total rice production per unit of land would increase, 
resulting in an increased overall family food supply. Nutritional levels 
may decline, however, if double rice cropping implies a reduction in the 
production of other food crops. 

 
Institutional requirements. No new inputs, other than seed (which 

farmers can produce themselves after the first year), would be required 
for VEVs. Levels of common capital inputs would need to be increased in a 
manner compatible with the growing of two crops of rice in a season 
instead of one. Marketing problems may arise, especially for the second 
crop, due to a lack of adequate capacity of governmental storage 
facilities. 

 
Managerial requirements. The managerial requirements for VEVs would 

be similar to those for varieties currently used by Iloilo farmers. Timing 
of crop activities will become increasingly important if two rice crops 
are to be planted and harvested before the end of the wet season. This 
implies that labor must be available for timely land preparation, planting 
and harvesting of each crop. 
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Agroclimatic requirements. For rainfed areas such as Iloilo, with a 
5- month rice growing season, rice varieties with field duration of about 
90 days can be double cropped using wet seeded establishment techniques 
(Fig. 9). Both crops can be grown at least through the flowering stage 
during the period of the year that the probabilities of obtaining 
sufficient rainfall to support normal rice crop growth are high. 

 
Scientists have already succeeded in breeding very early maturing 

varieties. In addition, rice varieties typically grown in temperate 
climates produce much more rapidly in the tropics, some in as little as 70 
days. However, experimental results at IRRI appear to demonstrate a 
positive correlation between maturity and grain yield (Figure 10). The 
earliest maturing variety currently being recommended for use in the 
Philippines is IR28, which matures in 105 days. There is some question as 
to the physical feasibility of producing new varieties with significantly 
reduced field duration periods that still provide the high yield potential 
of some of the later maturing varieties currently in use. Significantly 
lower yield expectations could reduce the attractiveness of very early 
maturing varieties vis a vis other currently available production 
technologies. 

 
Acceptability to farmers. When questioned as to the potential 

desirability of varieties with a very short field duration, all farmers 
responded affirmatively. In fact, some of the farmers were already 
experimenting with Japanese varieties that were said to mature in as 
little as 70 days in the Philippines. Most farmers who tried these 
varieties reported that yields were unacceptably low and that grain 
quality was inferior. The Japanese varieties would have to be improved 
upon in these two aspects before becoming acceptable to farmers. 

 
Very early maturing varieties for the rainfed farming system appear 

promising providing problems of low yield and grain quality can be 
overcome. The major positive factor would be the reduction of uncertainty 
in the system with respect to rice yields, as both crops could be fully 
grown under favorable conditions for rice. 

 
Notional Technology 2 - Late maturing varieties (LMVs) 
 

If the positive relationship between rice yields and maturity period 
is confirmed, it may be possible to increase output over current levels by 
growing a long duration, non-photoperiod sensitive high yielding variety 
which can then be followed by an upland crop (Figure 9). The principal 
advantage of a non-photoperiod sensitive LMV over traditional varieties is 
that it could be harvested earlier in the season, leaving more time for 
establishing a subsequent upland crop under favorable conditions. On 
fields in the higher landscape positions, where yield loss probabilities 
tend to be highest for a wet seeded second rice crop planted late in the 
season, double rice cropping may not be viable in most years. In such 
areas, the planting of a late-maturing, high yielding single rice crop 
would be preferable over a single short-duration rice crop. Ample time 
would remain for planting a succeeding upland crop. 
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Resource utilization. The development of LMVs would not require 
large changes in current cropping practices. Land use intensity would 
increase somewhat as more upland second crops could be planted. Labor and 
capital use would remain virtually the same, with changes occurring only 
in timing. 

 
Contribution to household objectives. Due to improved yield 

characteristics, a modest increase in rice production would be expected. 
Similarly, due to an early harvest, the potential for planting upland 
crops after rice would also increase (Figure 11). Assuming stable price 
levels, this would provide increased farm income as well as food for home 
consumption. The timeliness of food provision would not vary substantially 
from existing patterns. 

 
Institutional requirements. Adoption of an LMV would require no new 

inputs or policies. Due to the similarity in timing to traditional 
varieties, no special market requirements are foreseen. 

 
Managerial requirements. Management of LMVs would be similar to that 

required of traditional varieties. The level of risk for the second upland 
crop would, however, be reduced. 

 
Agroclimatic requirements. There is no reason to suspect that an 
LMV would not be biologically feasible, though most  non-photoperiod 

sensitive varieties are early maturing. In regards to suitabilitly to 
rainfed climatic conditions, there should be no problem. 

 
Acceptability to farmers. Due to the fact that LMV adoption would 

not stimulate great changes from current practices, farmers interviewed 
indicated that the technology would be acceptable. They were also able to 
recognize the advantage in regards to an earlier establishment of the 
upland crop. 

 
Notional Technology 3-Photo-sensitive, early maturing varieties (PSVs) 

 
The development of early maturing, photoperiod sensitive rice 

varieties could be used as a major component in a technology based upon 
dry seeded rice. Previously, an analysis of DSR-based cropping patterns 
revealed major problems with respect to maturity and weed growth that 
would be alleviated or partially alleviated with the advent of such a 
variety. 

 
High photo period sensitivity is a desirable characteristic for a 

dry seeded rice variety, since maturity is principally determined by day 
length even though the planting date may vary. One of the major problems 
with DSR is that of uneven maturity due to uneven germination and 
subsequent replanting of poor initial stands. Areas which require 
additional planting can be reseeded once rainfall has stabilized, and the 
new plants will mature at the same time as the older plants. 
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Resource utilization. As part of a multiple cropping scheme, the 
chief desirability of DSR is that it permits the establishment of an 
initial rice crop as soon as the soil has accumulated sufficient moisture 
to permit land preparation. The early establishment of the first rice crop 
greatly improves the chances of planting and harvesting a good second rice 
crop (Figure 7). Capital and labor use intensity would be affected in a 
fashion similar to any technique which would facilitate the double 
cropping of rice. 

 
Contribution to house hold objectives. The utilization of a PSV 

would allow early rice crop establishment using dry seeding techniques, 
which in turn enhances the possibility for double rice cropping. The 
potential would then exist for increased rice production and farm income. 
Furthermore, two rice harvests would allow greater flexibility in the 
management of rice stocks for family consumption. 

 
Institutional requirements. No new inputs or policies would 

necessarily accompany the adoption of this technology. Market effects 
would be to alter the pattern of supply, enabling rainfed farmers to 
market their rice crops earlier in the season, thus possibly gaining a 
price advantage. 

 
Managerial requirements. Crop establishment practices would be 

altered with the use of DSR techniques. Furthermore, in order to derive 
full benefit from the PSVs, field preparation must be accompanied at the 
onset of the wet season. Production risks would be reduced as sparsely 
populated parts of a field could be replanted and the entire field would 
still mature simultaneously. 

 
Agroclimatic requirements. The biological feasibility of varieties 

which flower and mature under day length conditions prevalent during the 
middle of the rainy season would need to be explored by the plant 
breeders. The climatic fit of such a variety as the first crop in a two 
rice crop pattern would be similar to that presented in Figure 7. 

 
Acceptability to farmers. The idea of PSVs as notional technology 

was conceived after completion of field work, and hence was not presented 
to farmers for judgment. However, the probable benefit of this technology 
is that it would alleviate the uneven maturation constraint associated 
with DSR, which would therefore make the seeding method more acceptable to 
farmers. 

 
Notional Technology 4 - Ratoon rice varieties (RAVs) 

 
Ratooning of rice is the use of the plant's regenerative ability to 

produce a subsequent crop (or crops) from field stubble after the harvest 
of the first crop. The expected yields of a ratoon crop are almost always 
lower than those of the main crop. The principal advantage, then, is the 
potential saving of both time and labor. The time-saving feature of ratoon 
cropping is what makes it most attractive as a potential new technology 
for rainfed areas with agroclimatic conditions similar to those prevalent 
in Iloilo. 
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The principal characteristics of a cropping pattern featuring ratoon 
are shown in Figure 12. Since the period from initial ratoon growth to 
grain maturity is short, the first rice crop can be established late 
enough so that the risk of early drought stress is low. In most cases, 
this implies the use of wet seeding as the initial rice crop establishment 
technique. Ratoon growth begins immediately after (or sometimes before) 
the harvest of the plant crop. New shoots are produced at the base of the 
plant or grow from the nodes of previously cut tillers. Since ratoon 
matures much sooner than the main crop,3 the total duration of the main-
ratoon crop is approximately 170 days. 

 
Resource utilization. The growing of a ratoon rice variety would 

make use of land in the latter part of the wet season which, in cases 
where growing a second crop is infeasible, has no alternative use. A 
ratoon crop would require few if any additional capital inputs, as the 
residual nitrogen not utilized by the main crop would be available for the 
ratoon. Since no effort would be spent preparing and planting land after 
the first rice crop, additional labor would be required only for the 
harvest. 

 
Contribution to household objectives. By providing an added rice 

harvest from areas where double rice cropping is not feasible, ratoon 
cropping would increase the family food supply and modestly increase farm 
income. 

 
Institutional requirements. Ratoon technology would not depend upon 

new or greatly increased levels of inputs from outside. Since expected 
ratoon crop yields are lower than expected main crop yields, minimal 
additional stress would be placed on the product market. 

 
Managerial requirements. Ratoon rice cropping requires no new or 

unfamiliar techniques. The importance of timing of crop activities is not 
greatly increased, though main crop establishment early in the wet season 
would be preferable to ensure that both crops would grow under optimal 
moisture conditions. As the ratoon crop is ready for harvest just at the 
end of the rice growing season, the probability of substantial yield 
reduction or crop failure due to drought stress is low. Furthermore, the 
possibility still exists for planting and growing an upland crop under 
suitable soil moisture conditions. 

 
Another feature that makes ratoon cropping attractive in a rice- 

based cropping pattern is the reduced labor requirements. Since no land 
preparation or planting labor is required for ratoon, farmers may utilize 
otherwise idle land and still avail themselves of alternative employment 
opportunities such as harvesting on neighboring fields. 

 
 
 
 
 
 
 
3In the case of IR-36, the ratoon matures in approximately 50-60 

days after harvest of the main crop. 
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Ratoon cropping then becomes a complementary rather than a competitive 
activity, as output can be generated with low levels of inputs and 
management. 

 
Agroclimatic requirements. All rice plants have a regenerative 

ability. However, experience with early maturing varieties indicates that 
ratoon yields can be expected to be much lower than those of the main 
crop. This is partly because "ratoonability" has not been a criterion for 
varietal selection in IRRI breeding programs. Results from cropping 
pattern trials indicate that the average yields of IR-36 ratoon 
approximate one-sixth of the main crop yield (Component Technology 
Research Staff, 1979).4 While ratoon cropping is biologically feasible and 
fits the prevalent climatic pattern in Iloilo well, breeding work will 
have to be done to obtain varieties which would increase the benefits of 
ratoon technology. 

 
Acceptability to farmers. The farmers participating in this study 

were questioned as to their preference between rice varieties currently 
available and a proposed new variety which would produce about one-third 
the yield of the new varieties they were using. All of the farmers had 
previous experience with ratoon, though few had done it intentionally. 
Their word for ratoon translated roughly as "volunteer rice". During years 
in which there was substantial rainfall late in the rice-growing season, 
some newly harvested rice plants would regenerate. In most years, farmers 
did not consider the ratoon rice to be worth harvesting, as the yields 
were extremely low. In years when it was harvested, the largest share went 
to the hired harvest labor. 

 
When presented with the idea of ratooning the new varieties with the 

expectation of a better yield, farmers responded positively. Of the twelve 
farmers interviewed, ten stated that they would favor the adoption of a 
ratoon variety rather than risking the planting of two crops of the 
currently available new varieties. One of the farmers stated that he would 
try to plant two rice crops if the onset of the wet season was very early, 
and plant a ratoon variety otherwise. The other farmer indicated that he 
could not predict his response to a ratoon variety until he had had first-
hand experience with it. 

 
During the three previous cropping seasons in the Iloilo area (1976-

79), an average of over 70 percent of the rainfed lowland was planted to 
either rice-upland crop or rice-fallow patterns. Ratoon cropping could 
conceivably increase the productivity of nearly all of this land, provided 
that ratoon yields are sufficiently high to warrant the expenditure of 
labor for harvest. 

 
 
 
 
 
 
 

 
4No cash inputs (such as fertilizer or pesticides) were added to the 

ratoon crop, which would in part explain low yield figures. 
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Each of the four notional technologies described is designed to 
alleviate at least one system constraint without aggravating other 
constraints or creating new ones. The utilization of very early maturing 
varieties (VEVs) would allow the double cropping of rice with a reduced 
degree of yield uncertainty due to adverse climatic conditions. For land 
with low double cropping potential, the planting of a higher yielding, 
medium to late maturing variety (LMV) can increase land productivity if 
new late maturing varieties can be found which achieve significantly 
higher and more stable yield levels than the EMVs. The third notional 
technology suggested was the utilization of an early maturing photoperiod 
sensitive variety (PSV) as a complement to dry seeded crop establishment. 
Such a variety would contribute to the alleviation of some of the problems 
plaguing farmers who have tried DSR. Lastly, the utilization of rice 
regenerative ability through the development of a vigorous ratooning 
variety (RAV) was suggested as a means of increasing rice production with 
a small investment in areas where double rice cropping is infeasible due 
to high drought probabilities or other constraints. 

 
A TECHNOLOGY CHECKLIST 

 
As a conclusion to this paper, a checklist of the possible effects 

on the farm system of a new technology is presented (Table 1). Each 
existing and notional technology is rated in terms of what changes in the 
farm system are necessary in order to facilitate the adoption of the 
technology and what likely effects the successful implementation of each 
technology would have on the farm system in question. 

 
Notional and existing technologies possess different advantages and 

disadvantages in terms of their adaptability to rainfed farming systems. 
Before technology development should take place, a ranking of technologies 
would be desirable so that researchers could focus on inventing the better 
ones. Therefore, each technology was assigned a numerical rating according 
to whether it possessed favorable, neutral or unfavorable effects when 
compared to traditional technology for each of the evaluation criteria. 
The summation of positive, negative and zero ratings provided an overall 
desirability index for each technology (Table 2). 

 
All of the evaluation criteria were weighted equally. It is likely, 

however, that the relative weights of each criterion would vary from farm 
to farm depending upon such individual characteristics as land, labor and 
capital availability and risk preferences. Though different weights would 
change the individual scores for each technology, there is sufficient 
difference in the scores obtained by most of them that the ordinal 
rankings would still be likely to hold. 

 
According to the criteria used in technology evaluation, all of the 

notional technologies would be superior to any of the existing new 
technologies. However, not all of the notional technologies would be 
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equally desirable or beneficial in the Iloilo context. Based upon the 
rankings presented, it would appear that the development of an early 
maturing, non-photoperiod sensitive variety with a vigorous rationing 
capability would best serve the needs and conditions of Iloilo farmers. 
From the farmers' viewpoint however, no one technology can be considered 
appropriate for all situations. Under current agroclimatic and 
socioeconomic conditions, it appears that double rice cropping is feasible 
mainly in the lower landscape positions with heavy clay soils which easily 
retain moisture. Labor and power constraints also limit the amount of land 
per farm that can be multiple cropped. In order to further increase the 
productivity of small farms, it is desirable to present farmers with a set 
of alternative technologies which are appropriate for different 
socioeconomic and agroclimatic situations. Priority should be given to the 
development of the most flexible technologies, i.e. those which are 
appropriate under the greatest number of circumstances. 
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Figure 1. Location of the Iloilo research site. 
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Figure 2. An agroclimatic map of cropping potential in the Iloilo rainfed 
area. 

 
Note: The environmental conditions for rice are specified above the 

diagonal; those for upland crops below the diagonal. These 
conditions correspond to areas with 5-6 wet (>200 mm) and 2-4 dry 
(<100 mm) months per year. 
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Figure 3. The suitability of traditional cropping practices to Iloilo 
agroclimatic conditions. 

 
  Note: Time for land preparation activities is measured along  

   the diagonal (a), while time for planting through   
   harvesting is represented as bars emerging from the  
   diagonal (b). 
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Figure 4. A labor profile for a rainfed rice farm planting traditional 
rice varieties. 
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Figure 5. Agroclimatic suitability of early maturing rice varieties to  
  Iloilo conditions. 
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Figure 6. Trends in adoption of early maturing rice varieties in Iloilo, 
rainfed areas, 1977-1979. 
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Figure 7. Suitabiltiy of DSR under typical Iloilo agroclimatic conditions. 
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Figure 8. Transplanting a second rice crop with older seedlings under 
Iloilo agroclimatic conditions. 

 
Note: a. Seedling growth 

b. Main crop growth 
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Figure 9. Agroclimatic fit of very early maturing rice varieties under 
Iloilo conditions. 

 
 

 



633 
 

Figure 10. Relationship between average grain yield and maturity period of 
ten IRRI varieties recommended for the Philippines. 
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Figure 11. Suitability of a late maturing variety under Iloilo 
agroclimatic conditions. 
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Figure 12. Ratoon rice cropping under Iloilo agroclimatic conditions. 
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Table 1. A Technology Checklist 
 

Evaluation 
Criterion  

Existing Technologies 
Adopted Unadopted 

Notional Technologies 
 

  
EMV 
 

DSR TPR VEV LMV PSV RAV 

 
Resources        

Land Use Intensity l 2 l 2 l 2 2 
Labor Use 0 l -2 l 0 l l 
Capital Use -l -2 -l -l 0 0 0 

 
Household Objectives        

Food Production l 2 2 2 l 2 2 
Farm Income l l l l l l l 
Timeliness l l l l 0 l 1 

 
Institutions        

New Inputs or Policies -l -l -l -l -l -l -l 
Market Changes -l -l -l -l l -l -l 

 
Management        

New Techniques l -l -l l l -l l 
Critical Timing 0 -2 -l l 0 l l 
Level of Risk l -2 l l l l 2 

 
Agroclimate        

Biological Feasibility l l l 0 0 0 l 
Climatic Fit l -2 l l l l 2 

 
Farmer Evaluation        

Acceptable l -2 -l l l 0 2 
Foreseen Problems 
 

-l 
 

-l 
 

-l 
 

l 
 

l 
 

l 
 

1 
 

 
Headings: EMV - Early Maturing Variety, DSR - Dry Seed Rice, TPR – Trans-

planted Second Crop, VEV – Very Early Maturing Variety, LMV – 
Late Maturing Variety, PSV – Early Maturing Photosensitive 
Variety, RAV – Ratoon Variety. 

 
Code: 2(-2) – Strong favorable (unfavorable) effect in comparison to 

traditional technology. 
1(-1) – Favorable (unfavorable) effect in comparison to traditional 

technology. 
  0   - Neutral or unknown effect. 
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Table 2. Technology ranking according to evaluation criteria 
 

 
Rank 

 
Technology Overall Score 

 
1 

 
Ratoon Variety (RAV) 

 
15 

 
2 

 
Very Early Maturing Variety (VEV) 

 
10 

 
3 

 
Late Maturing Variety (LMV) 

 
8 

 
4 

 
Early Maturing Photosensitive Variety (PSV) 

 
8 

 
5 

 
Early Maturing Variety (EMV) 

 
5 

 
6 

 
Transplanted Second Crop (TPR) 

 
-1 

 
7 
 

Dry Seeded Rice (DSR) -6 
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FARMING SYSTEMS RESEARCH 
 

THE NEED FOR A MID-TERM ASSESSMENT OF EXPECTATIONS AND METHODOLOGY 
 

Harold J. McArthur Jr. 
University of Hawaii at Manoa 

 
Most of those involved in the development of FSR would agree that it 

is more than an alternative approach to agricultural research. In the 
broadest sense it is a process of development that has its own philosophy, 
cultural assumptions and evolving methodologies. While there may be a 
little disagreement on the general goals there is considerable divergence 
of opinion on how it should be done and even greater variance in actual 
program implementation to date. 

 
Since the conceptualization and methodology of the farming systems 

approach is still evolving, flexibility is very useful in that it allows 
projects to experiment with and adapt methods to local conditions. At the 
same time, however, this period of growth and experimentation has given 
rise to expectations that, while admirable, may be operationally and 
methodologically unrealistic. In the minds of many, FSR is expected to 
succeed where the high-tech based "green revolution" largely failed to 
improve the agricultural well-being of the majority of the world's small 
and marginal farmers. 

 
With more and more pressure coming from major development and 

funding agencies to adopt the farming systems approach, it appears that 
the expectations may be growing faster than the outputs. If we are to keep 
the expectations within the limits of reality and insure that FSR does not 
promise more than it can deliver, I feel we need to begin now to document 
what we have been able to accomplish and what we can reasonably expect to 
achieve in the future. 

 
Rohrbach (1980) summarized three principal elements that distinguish 

FSR from traditional agricultural research: 
 

1. -There is an explicit attempt to understand the farm, the farmer, 
and the farm environment as a complex system of interdependent 
parte... 

 
2. -The FSR process begins at the farm. Research priorities are 

determined from analysis of representative farming systems, and 
 
3. -The entire process including the initial analysis of the farming 

system. the technology development and testing. and the final 
verification is carried out by interdisciplinary teams of 
biological and social scientists. 
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In short, FSR can be defined as a bottom-up, farm focused, holistic and 
interdisciplinary team research effort designed to improve the quality of 
life and agricultural well-being of small farm families and their 
communities. It attempts to achieve these ends by the testing and 
refinement of predominately agro-production technologies within the 
existing physical, biological, social, and economic circumstances of a 
particular client group. 
 

This is a tall order and one that has yet to be completely achieved 
and evaluated. Because of the array of issues that must be addressed, the 
FSR process goes beyond the mandate, resources, substantive interests and 
expertise of most research centers. What has evolved is a range of FSR 
influenced activities and the beginnings of a typology of different kinds 
of farming systems research, such as "upstream" and "downstream" and "FSR 
in the small" and "FSR in the large." Whether explicitly labeled as such 
or not, Norman and Gilbert (1982) suggest that any research can be called 
FSR if it meets four criteria: 

 
1. -that it views the farm in a comprehensive manner with recognition 

of the interrelationships and interdependencies within the natural 
and human subsystems. 

 
2. -that the choice of priorities for research is based on the initial 

study of the whole farm. 
 

3. -that when research on a particular subsystem is done that the 
connections with other subsystems are recognized and taken into 
account, and, 
 

4. -that the evaluation of the research results and their 
implementation takes into account the linkages between the 
subsystems. 

 
Although there could be considerable differences in the 

methodologies employed, most farming systems practitioners would probably 
agree that any project that met these four criteria would definitely be an 
example of FSR. Some proponents would even suggest adding three more 
conditions - that farmers be involved in the design, implementation and 
evaluation process; that the study be conducted by an Interdisciplinary 
team; and that it ultimately address the well-being of the farmer, the 
community and society. These criteria are among the seven characteristics 
of Farming Systems Research and Development (FSR&D), identified by Shaner, 
Philipp and Schmehl (1982), (i.e., farmer based, problem-solving, 
comprehensive. interdisciplinary, complementary, iterative and dynamic, 
and responsive to society). 

 
Such criteria raise a number of issues concerning just how holistic 

FSR can actually be and whether or not it should work within or attempt to 
change major environmental, infrastructure and policy constraints. 

 
Rather than debate in the isolation of academic journals and 

conference proceedings what FSR should be, I suggest it is more useful at 
the present time to begin to document what we have done, are doing, and 
plan to do. I realize that some may say that such an exercise is 
premature, that the 
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evidence is not yet in and that FSR needs time to prove itself. This is 
true. FSR and its various derivatives, FSR&D, FSR/E, and FSR/P, and FSAR 
are new concepts and it will take some time to tell how useful they will 
be. Nonetheless, we do have half a dozen or so years of experience with 
research and projects that have been referred to as farming systems 
research. With this background and the current batch of newly launched AID 
projects we should be able to get some idea of what we have been able to 
do, what has proven most difficult, and what has been impossible. In other 
words we should be able to determine if our expectations and methodologies 
are realistic and under what conditions FSR is most likely to succeed. 

 
The roots of such an effort are provided by Gilbert, Norman and Winch 

in their (1980) appraisal of farming systems research in the Third World. 
They note that FSR at each of the International Agricultural Research 
centers has been significantly influenced by the particular mandates, 
resources, and professional interests and expertise of the staff. Each of 
the centers has a regional and in some cases a global level of 
responsibility with respect to the development of improved technologies. 
Several centers like CIMMYT, IRRI, and CIP are restricted to research on 
specific commodities. In all of the centers there has been an initial bias 
in favor of the biological sciences. 

 
As a result, much of the work of the centers has been labeled as 

"upstream" FSR which seeks to resolve general constraints through the 
development of prototype technology. This kind of work has tended to be 
focused on one subsystem or set of key factors such as the relationship 
between two or more crops under controlled soil and water conditions. As 
mentioned earlier, such work has been considered as legitimate FSR as long 
as it has taken into consideration the interaction with other key elements. 
In other words, to be considered as examples or components of true FSR such 
"upstream" projects need to be connected to one or more applied, site-
specific investigations known as "downstream" farming systems, which focus 
on specific farmer groups, their families, fields and communities. It is 
the downstream effort that provides the local level analysis upon which the 
upstream research priorities should be based. In the absence of a viable 
downstream program can the upstream prototype research be considered true 
farming systems research? In the truest sense of the meaning the answer is 
probably "No." 

 
CIMMYT clearly states that because of its mandate to work only on 

maize and wheat related problems that its efforts are not examples of full 
scale farming systems research. They do, however, conduct the majority of 
their work within representative target zones rather than at the experiment 
station. IRRI now has a cropping systems Research Program and an allied 
farming systems support services program. Unfortunately many researchers 
and development planners have come to use the two terms farming systems 
research and cropping systems research synonymously, which has compounded 
the problem of definition and widened the gap between the meaning of FSR 
and its operationalization. 

 
While the upstream-downstream and the FSR in the small and large 

dichotomies provide a useful starting point, we need to go further than 
typology. We need to create a systematic inventory of past, current and 
planned FSR projects detailing the extent to which each is or has been able 
to incorporate the following attributes: 
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1. —A holistic and comprehensive view of the farm and its environment, 
identifying the key subsystems and linkages. 

 
2. —Research priorities based on micro—level data gathered and 

analyzed during the descriptive stage of the project. 
 

3. —Involve farmers in the design, implementation and evaluation of 
the research work and thus builds upon indigenous knowledge, skills 
and resources. 

 
4. —Employ effective feedback mechanisms to provide an on—going 

assessment of the research results, making the research process 
truly iterative in nature. 

 
5. —Assess the community, regional and national level implications of 

the recommendations to insure that the project is responsive to 
society in general. 

 
6. —Employ an interdisciplinary team throughout the life of the 

project. 
 

7. —Insure that component research focused on a particular subsystem 
is conducted in a way that recognizes the range of 
interdependencies with other subsystems. 

 
8. —Focus on the testing and verification of technologies that offer 

an improved or better approach rather than the optimal or "best" 
possible recommendations and describe the various methodologies 
employed and the socio-economic, biological and physical conditions 
are described with sufficient precision to allow for replication of 
procedures and determination of the socio—environmental range of 
recommendations developed for a particular site. 

 
Initially, it would be extremely valuable to have a summary sheet on 

each project indicating the inclusion/exclusion of each criterion. And 
further, efforts presently underway and, those in the design stage suggest 
that in addition to institutional mandate, disciplinary expertise and 
staff commitment, a range of structural and socio-cultural parameters may 
also greatly affect the viability of a farming systems effort in certain 
situations. 

 
In a recent paper focused on the "Socio-Cultural Effects on the 

FSR&D Approach," Wilson, Philipp and Shaner (1983) outline a number of 
cultural assumptions implicit in farming systems research. They argue 
that it will be difficult to sustain an effective FSR&D effort if the 
cultural norms of the national government, the key actors, and the target 
farmers, are at odds with those of the farming systems philosophy, which 
they suggest is largely western oriented. When researchers are not able 
or willing to make accommodations in their own thinking and methods to 
bring them in line with those of the host country and the client 
population, it will be difficult to sustain an effective effort that 
produces relevant and acceptable technology. 
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Employing a framework developed by Gert Hofstede (1980), Wilson, 
Philipp, and Shaner (1983) further suggest that the potential conflicts 
between the FSR project philosophy, the implementing and/or sponsoring 
agency and the client group will fall within any of four cultural 
dimensions referred to as: power-distance, uncertainty-avoidance, 
individualism-collectivity, and masculinity-femininity. 

 
Power-distance: In calling for close communication and cooperation 

between team members and the farmer, FSR may be urging a more egalitarian 
relationship between government and farmer than actually exists. Such 
interaction may run counter to the selfish interests of those who have 
power and authority. Because of perceived threat to their position such 
groups may attempt to thwart the FSR process. Likewise, the farmers' 
reactions to an unequal balance of power is often to maintain as much 
distance as possible between themselves and those who are in positions of 
authority outside the community. Such individuals and groups are generally 
distrusted by the farmer because no matter what they say they are believed 
not likely to have the best interests of the villagers at heart. Other 
aspects of the power-distance dimension relate to the fact that in many 
developing countries fanning is not a high status occupation. Therefore to 
suggest that researchers and extension agents should listen to and learn 
from farmers is to counter a major cultural assumption. 

 
Uncertainty—avoidance: All humans deal in one way or another with 

uncertainty about the future event. How they resolve their anxiety and deal 
with the unknown is to a certain extent culturally patterned. Much of the 
ethnographic literature on tribal groups and rural peasant populations 
throughout the developing world suggests that the operating concept in 
dealing with the unknown is harmony, rather than control, coexistence 
rather than confrontation. Instead of feeling they have the right or the 
ability to control nature and the unknown (an assumption upon which FSR and 
indeed agricultural development in general is based), such groups feel they 
must live in harmony with the environment and the supernatural. They accept 
and operate within the existing conditions and do not attempt to change any 
of the basic ecological relationships. Another aspect of the "unknown" 
dimension is the perception of time. This is an area that can be extremely 
frustrating for FSR teams when their concept of tine and sense of urgency 
is out of synchronization with that of the host government, the sponsor and 
the client group. 

 
Individualism—collectivity: This dimension contrasts the prime 

source of identity within a culture, i.e. the individual or the social 
system and its various groupings such as the family, clan, lineage, tribe, 
community, and ethno-linguistic groupings. The relative importance of the 
social group versus the individual is a factor of which an FSR team needs 
to be aware. The use of individual farmer cooperators for example, assumes 
a degree of individualism that is not necessarily universal. In some 
subcultures the decision—making and production unit is a clan or lineage 
group rather than the individual farmer. In such instances to obtain the 
support of local farmers it might be necessary to first establish links 
and seek approval from the leader or head of the relevant social unit to 
which the fanners belong. Also directly related to this dimension is the 
underlying definition of the farm household. To the FSR team member this 
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may connote a nuclear or nuclear extended (3 generation) family. To the 
farmer in certain cultures the household may comprise a much larger 
grouping of kinsmen, some of whom are in residence at only certain times 
of the year. 
 

Masculinity-Femininity: The last of Hofstede's four dimensions is 
concerned with the perceived biological and social differences between the 
sexes as they relate to sex roles. Factors associated with this dimension 
include not only sexually appropriate behavior and tasks (division of 
labor) but also such concepts as intuition versus decisiveness and the 
notion of work -whether one works for a living or lives for his work. 
Although such issues may not initially seem to be as important as the 
power end uncertainty dimensions, they are directly related to factors of 
individual and/or communal motivation for change. This, of course, touches 
on one of the basic assumptions of farming systems-that farmers are 
willing to accept technology change when it is worthwhile to them and fits 
into their system. It is also assumed that farmers will cooperate in on-
farm trials if there is a reasonable prospect of gain without undue risk. 

 
For a more detailed and thought provoking discussion of farming 

systems and culture the reader is referred again to the 1983 paper by 
Wilson, Philipp and Shaner. This brief summary is sufficient to 
demonstrate the need to document not only the physical and biological 
factors but also the socio—political and cultural context in which the 
project is situated. 

 
Our experience at the University of Hawaii with on—campus training and 

in the implementation of an overseas project suggests that is difficult 
under the best of circumstances to smoothly implement each successive phase 
of a farming systems program. As the old adage goes, "it is easier said 
than done." We have learned thus far in our Indonesia project that early on 
collaborative planning is essential. Even when a country and the host 
agency already espouse the desirability of a farming systems type approach, 
it is extremely important to openly discuss and understand the project 
objectives, the basic operational and cultural assumptions and the level of 
commitment and input required of each participant. Even in a country where 
we have worked for seven years, the challenge was to create an atmosphere 
in which it would be possible to bring out in the open all the key 
personal, institutional and governmental factors and constraints. Open and 
frank discussion may be taken for granted as a decision—making and problem 
solving strategy in the U.S. but it is not universal. In some societies it 
is outwardedly avoided. 

 
Without having reached a general understanding of the cultural, 

political, and economic implications and the institutional and personal 
motivations surrounding the participation of the host agency and its 
staff, it would have been impossible to effectively deal with the 
progression of logistic and operational difficulties that beset any 
project. It has not always been possible to follow the initial plan of 
work. We have had to make some compromises and revise some of our earlier 
thinking about methods. It is this iterative process of adaptation and 
accommodation that needs to be systematically documented across a range 
of projects before we can develop a grounded 
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resources and minds of the participants but are yet realistic and 
achievable. 
 

The attached draft survey instrument attempts to do this. The 
questionnaire will have to undergo several more revisions before it is 
ready for use. Even then, and if and when all the questions are answered, 
the instrument will not capture the real dynamics of a project. This is 
because any FSR project, no matter how well—developed its design and 
methods, is only as good as its members. The survey form, nevertheless, 
should provide some idea of the kinds of problems projects are 
encountering and which, if any, of the basic methodologies, cultural 
assumptions and operating procedures are either inappropriate or 
unrealistic. 

 
In addition to serving as a guide to past, present and planned FSR 

projects, the survey should also help in getting a little control over the 
use of the label. As was noted in a presentation by Nancy Axinn at the 
1982 AUSUDIAP meetings, the term farming systems has become a kind of 
jargon —— a catchword phrase that means a lot of different things. I am 
not suggesting that we should adopt a definition so restrictive that it 
excludes the majority of the projects underway today. We do, however, need 
to come to grips with the term and how it is used. To some the term refers 
to a very generalized systems approach to research. To others is connotes 
a technological system of inputs and management practices for improved 
crop production. To others it suggests the total array of activities that 
contribute to the farm families production, consumption and distribution 
of agricultural products. The problem is that FSR encompasses each of 
these conceptualizations. Each is an important but not sufficient part of 
the total approach. You can have a systems approach to farming activities 
and attempt to identify all the key elements and the multiple and 
overlapping linkages but this is not farming systems research if it does 
not lead to testable refinements with the objective of improving the 
welfare of the farmer. Likewise the technological package approach is not 
enough if it is done in isolation of the other aspects of the system such 
as cost, labor, markets, etc. We need some mechanism by which 
practitioners can indicate what aspect of the total system their project 
is concentrating on and how it links with other hey subsystems. Perhaps 
the proposed inventory of FSR experience will suggest ways in which our 
terminology can be made more precise. 

 
In summary, I see such a centralized inventory (and I stress the 

word inventory rather than assessment or evaluation) of past, present and 
future projects serving four important functions: 

 
1) It could provide an indicator of what has been accomplished and 

hence what we can assume to be realistic outputs in the future. 
Such information should be extremely useful in determining what 
kinds of projects are best suited to the FSR approach and what are 
reasonable short and long—term outcomes. 

 
2) This kind of base—line data should also provide an indication of 

which kinds of methodologies are appropriate and/or possible under 
particular conditions. For example, not all projects have been able 
to conduct up—front sondeos or rapid reconnaissance surveys. Under 
what circumstances is this methodology Likely to produce 
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 relevant data and what are the essential logistical, 
organizational, and personnel requirements to mount an effective 
survey. And perhaps of even more importance, what methods have 
proved most effective in fostering useful farmer involvement and 
under what conditions. 

 
3) Such data may further provide a quick way to determine which 

projects across the world are similar in terms of their objectives, 
physical and biological constraints and socio-cultural parameters. 
This would allow the project managers and team leaders of similar 
programs to establish a useful communication network. Given that 
FSR is still in its infancy, any amount of information we can 
gather from like programs will certainly assist us in guiding the 
farming systems approach through its childhood and into a useful 
and productive future. 

 
4) Finally, it is expected that this kind of objective data base would 

provide some insight into how we can become more precise in our 
terminology so that in future reports it will be possible to know 
more accurately what is meant when an author uses a particular 
term. 
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FARMING SYSTEMS RESEARCH ACTIVITY INVENTORY 
 
 

Date              
 

Project Title:                                                
 
Location:                                                                  
 
Implementing Agency/Institution(s):                                        
 
                                                                           
 
Sponsoring (funding) Agency:                                               
 
Time Frame and Length of Project:                                          
 
Name and Address of Key Contact Person:                                    
 
                                                                           
 
************************************************************************** 
 

I Primary Objective(s)                                               
 

                                                                           
 
                                                                           
 
                                                                           
 

II Evidence of a holistic and comprehensive perspective. What are 
the key subsystems and linkages that are the focus of or are 
impacted by this project? 

 
                                                                           
 
                                                                           
 
                                                                           
 

III The Descriptive State: 
 

A. Was use made of secondary data?  YES ( ) NO ( ) 
 
B. Was an interdisciplinary sondeo type needs assessment or 

rapid reconnaissance exercise carried out?   YES ( ) NO ( ) 
 
C. Were formal interviews conducted with farmers and local 

officials? YES ( ) NO ( )
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D. Was the selection of the research/trial sites influenced by 

the collection and analysis of micro—level data? 
   YES ( ) NO ( ) 
 
E. Was the initial description largely a team exercise? 
   YES ( ) NO ( ) 
 
F. Were separate surveys made by different persons focusing on 

key factors of specific subsystems?  YES ( ) NO ( ) 
 
G. Was it possible to identify key physical/biological and/or 

socio/economic characteristics and constraints during the 
descriptive phase?  YES ( ) NO ( ) 

 
 
IV The Design Stage: 
 

A. Were specific technological needs of the farmers addressed in 
the selection of technologies for further testing and 
refinement? YES ( ) NO ( ) 

 
B. Were these technologies evaluated for their fit with the 

social—economic constraints of the farmer and the broader 
societal needs?  YES ( ) NO ( ) 

 
C. Was the research design focused on more than one subsystem 

within the larger farming system?  YES ( ) NO ( ) 
 
D. Did/does the research design stress one subsystem? 
  YES ( ) NO ( ) 
 
E. Were physical—biological, social, and economic concerns given 

equal attention?  YES ( ) NO ( ) 
 
F. Was the role of women in the farming system identified as a 

particular focus of concern to the project? YES ( ) NO ( ) 
 
 

V The Testing Stage: 
 

A. Were farmers involved in the design and management of any of 
the field trials?  YES ( ) NO ( ) 

 
B. Were any of the trials modified based on farmer input? 

  YES ( ) NO ( ) 
 
C. Was it possible to obtain labor input (who, when and how much) 

data as well as treatment records on fanner managed trials? 
  YES ( ) NO ( ) 
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D. Were there any trials that required farmers to pay for their 
own inputs? YES ( ) NO ( ) 

 
E. Were farmers paid for their labor and the use of their fields? 
   YES ( ) NO ( ) 

 
VI The Verification/Extension Stage: 
 

A. Was it possible to measure the level of farmer acceptance of 
the tested technologies?  YES ( ) NO ( ) 

 
B. Was it possible to determine the reasons for farmer acceptance 

or rejection?  YES ( ) NO ( ) 
 
C. Were both social and biological scientists involved in the 

testing and verification process?  YES ( ) NO ( ) 
 
 
VII Logistics and Timing: 
 

A. Was the team based: 
 

at the community test site ( ), 
at the experiment station ( ), 
in a nearby town ( ), 
or at a local university or research institute ( ) 

 
B. Approximately what percent of the team's time was/is spent in 

the field      , and at the station      . 
 
C. Were there significant start—up delays?  
   YES ( ) NO ( ) 
 
D. During the first growing season was it possible to initiate 

any trials in farmers fields?  YES ( ) NO ( ) 
 
 
VIII Operational Assumptions: 
 

A. Was/is the project concerned with improving production under 
the present circumstances?  YES ( ) NO ( ) 

 
B. Does the technology being developed and tested assume any kind 

of infrastructure change external to the community (credit, 
transportation, marketing, price structure, etc.)? 

   YES ( ) NO ( ) 
 
C. In defining improved well—being of the farm family as an 

objective which of the following factors are being considered: 
(indicate order of importance) 

 
( ) increased production of a primary crop 
( ) increased production of livestock 
( ) improving output from a multi-cropping system
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( ) improving nutritional status through crop selection  
( ) post harvest storage and processing 
( ) increased family income through marketing of a cash crop 
( ) developing a combined crop/animal production system 
( ) developing a combined subsistence and cash crop production 

system 
( ) resolving major physical and/or biological constraints 

(soil fertility, irrigation, erosion, pest, diseases. etc.)  
( ) other                                                      
( ) other                                                      

 
 

IX Culture/Professional Conflict:  
 

A. Were  team members able 
to modify their own perceptions and procedures when 
necessitated by the cultural realities of the host country and 
target community?  YES ( ) NO ( )  

 
B. Were any difficulties encountered in working with the farmer 

as a local expert as well as a recipient of technology?  
  YES ( ) NO ( )  
 
C. Did differences in basic aspirations and motivations between 

the team and the farmers pose any difficulties in creating an 
effective working relationship (i.e. crop production and 
profit maximization on one side and risk minimization and 
steady flow of income on the part of the farmer)?  

  YES ( ) NO ( )  
 
D. Was it equally easy to  incorporate 

researchers, extension agents and farmers into the research 
design, implementation and evaluation process?  

  YES ( ) NO ( ) 
 

X Team Composition and Dynamics:  
 
A. Did the team have a full-time social scientist?  
  YES ( ) NO ( )  
 
B. Did the team have a full-time economist?  
  YES ( ) NO ( )  
 
C. How many long-term staff were on the project?                  
 
D. How many short-term staff were on the project?                 
 
E. How many different disciplines were represented in the long-

term staff?                                                    
 
F. How many different disciplines were represented in the short-

term staff?                                                    
 
G. Did the team members know each other before the assignment? 
  YES ( ) NO ( )
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H. Did the team receive any training in interdisciplinary 
research methods and communication strategies?  

  YES ( ) NO ( )  
 
 
XI The Sociopolitical Environment:  

 
A. Is the host country and counterpart institution committed to a 

bottom-up, participatory development strategy?  
  YES ( ) NO ( )  
 
B. Is the agricultural research and extension system in the host 

country highly centralized?  YES ( ) NO ( )  
 
C. Has the host government assigned members of its staff to be 

trained in FSR and/or participate in the project?  
  YES ( ) NO ( )  
 
D. Were the research sites determined by the government before 

the initiation of the descriptive stage of the FSR process?  
  YES ( ) NO ( )  
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DESIGNING AND ADAPTING COMMUNICATION TECHNOLOGY  
WITHIN A FARMING SYSTEMS RESEARCH APPROACH 

 
James H. Bemis, Jr. 

 
DISCUSSION EMPHASIS  

 
Basic communication and Farming Systems Research concepts are 

outlined here for exploration and critique in small-group discussion. The 
perspective is that of a communication scientist/practitioner working 
within a cross-disciplinary FSR team in a developing country. Within this 
view, the FSR approach is seen as a useful model for the simultaneous 
study and strengthening of FSR and communications concepts and operations 
at several systems levels. That is, in addition to use of the strong 
conceptual framework and operations base of FSR, all phases of FSR design 
and implementation are seen as an interactive environment with special 
utility for assessing and improving communication functions. The units of 
analysis are the communications processes and interactions within and 
among the various FSR systems levels --specifically the human roles, 
skills and proficiencies involved, rather than the agricultural research 
components, per se.  

 
Thus, for Symposium participants, the aim is to share cross-

disciplinary experiences, knowledge, and skills as a preliminary step in 
the integration of rigorous communication analysis, design, testing, and 
training processes within the FSR approach.  

 
BACKGROUND  

 
Communication-related studies abound in the literature of 

international agricultural development. Most development models and 
strategies are careful to prescribe the components needed to drive and 
unite development activities at several systems levels -- from the 
farmer/producer to international policy makers (IRRI, 1980). Production 
research and direct technical assistance units generally have been 
conceptualized as the innovative driving forces, with extension-type 
delivery systems to unite or link new technology to the farmer-producer. 
More recently, terms such as technology transfer or packaging, 
documentation, data-base development, and networking have been used to 
describe increasingly sophisticated mechanisms in development models. With 
few exceptions, however, these models have emphasized the organizational 
and mechanical components of communication technologies (Jain, 1977). And, 
too often, development planners have not specified the operational-level 
skills and proficiencies required for planning,  
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designing, managing, and operating such communications activities. 
Similarly, systematic information management guidelines are frequently by-
passed (or recognized as "second generation" needs and never addressed). 
Thus, adaptive communication technology, learning materials, and related 
human resource development are seldom an integral part of technical 
assistance projects (IICA, 1976).  

 
Similarly, communication scientists and practitioners have con-

centrated on communications content, media technology, message effects, 
and institutional organization --again with the focus on components, 
rather than on the human communications roles and other interaction within 
and among the systems. We communicators have no systematic procedural or 
operational definitions to analyze and describe the "how" of the 
communication functions that energize the "communications of innovation" 
flow/process (Hart, 1982). Rarely have we sought to define the behavioral 
objectives of those who perform these communications (farmers, 
technicians, families, institutions), nor have we designed the instruments 
to measure the requisite skills and proficiencies (Diaz Bordenave, 1972).  

 
In part, this lack of knowledge about "flow" functions and related 

human communication roles can be traced to development planning models 
based on a simplistic, "transmission-belt" communications orientation. 
Such models assume an active, institutional source of superior innovations 
that is seeking to persuade or direct the behavior of a passive, less-
informed, farmer/producer (i.e., technological modernization or 
development. occurs when the innovation is adopted by the receiver).  

 
Such notions have persisted despite at least two decades of study of 

systems and processes (in both communications and development models) that 
take into account and activate the farmer/producer "receiver" role (Myren, 
1964). Although almost all research-strategy diagrams show a "two-way" 
flow of technology (from the researcher to extension, to the 
farmer/producer, and the return feedback process), the actual flow from 
the farmer/producer has been limited at all systems levels. Similarly, few 
studies have sought to operationally define the information processing 
role of (1) the farmer/producer and (2) the feedback mechanisms to the 
development-system levels. Few criteria are available to measure 
performance and functional efficiency of this "flow" process and the 
actors involved.  

 
FARMING SYSTEMS RESEARCH  

 
While closer involvement of the farmer/producer in the agricultural 

research process has long been an objective of national and inter-national 
research institutions, the agricultural field-station research approach 
has only gradually begun to shift toward "on-farm" research (Byerlee, 
et.al., 1980). However, "Farming Systems Research" (FSR) has demonstrated 
exceptional utility for strengthening the information  
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"feedback" function at the farmer/producer level. It offers a strong 
conceptual framework, as well as working units and an operational base, 
for study of communications "flow" and related development roles (Bemis, 
1979). Perhaps as importantly for policy makers, it offers an excellent 
tool for "feed forward" in planning and development of adaptive 
agricultural research technology.  

 
Multidisciplinary FSR teams seek to learn first from the local 

people's experience --to learn about and characterize that which is 
already known about local systems. Then technology is interchanged 
(reciprocally and on multiple paths) within field testing and evaluation 
of improved technology at the local level. (See Hart Model. Figure 1) 
Farmers and researchers interact to generate and adapt technology, thus 
creating feedback to set research priorities and guide development 
programs.  

 
Thus, the FSR model is especially appealing to communication 

scientists because the farming system is perceived as a source of 
technology. Information is gathered, analyzed, or interchanged 
continuously within several stages of research: 1) from the producer 
system (with the producers' knowledge and experience in the test area) 
information "flows" to the more formal research system; and 2) from the 
multidisciplinary research team in the field testing of alternatives, 
information "flows" to the producer. (These "flow" patterns and processes 
are, however, among the most ambiguous in traditional models of both 
communication and FSR.)  

 
And, at least in concept, the FSR process also organizes and relays 

information among producers and appropriate research system components 
(national, regional, and international). The joint scientist-farmer-
institutional analysis and evaluation of the research becomes a "do-it-
yourself" information-gathering and delivery process. Moreover, many of 
the findings can plug directly into a worldwide system (through 
international centers and information networks) -- while serving 
simultaneously as "eyeball" evidence for the producer, his family and 
friends, as well as for local agricultural agency workers and policy 
makers. The expression of the production alternatives tests and 
demonstrations within farming systems serves as denotative, universally-
understood language. For the farmer, the testing of alternatives and 
delivery are simultaneously and immediately observable. Similarly, the 
research team can make on-site analyses of the technologies and their 
goodness-of-fit within the local ecosystem.  

 
For resource-poor national programs, the FSR team can strengthen the 

traditional feedback and delivery (extension) functions. Because of the 
specialized technical training of the team, data retrieved from the field 
can be analyzed and fed into (and from) the formal research system 
(national programs, international centers, and universities) much more 
precisely and quickly. However, further relay of the data requires 
development of "analysis units" with information support staff helping in 
standardizing terminology and reporting procedures. The FSR model  
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offers a sound conceptual base for these relay and analysis functions, 
providing the information generating and delivery mechanisms.  

 
It is this demonstration-testing-evaluation process that serves as 

an "interactive learning-research environment" for adaptive communication 
analysis and demonstration by the communication scientist/practitioner. 
The unit of analysis is the communications/interaction, rather than the 
agricultural research components, per se. In the overall process, 
firsthand knowledge is obtained of incentives and constraints bearing 
directly on the farmer (and on the scientists), and the team also can 
identify external policy issues that affect decision making. Thus, 
communication-as-dialogue can contribute to the broader objective of 
integral social and economic development.  

 
The term "social technology" has been used to describe such 

applications of social science "know-how" in solving practical problems. 
That is, in connection with the problem-solving activity (development, 
planning, project design, etc.) a body of knowledge is generated that is 
at least partially generalizable to other problems in other settings--thus 
seems to deserve the name "technology".  

 
OPPORTUNITY TO INTEGRATE DISCIPLINES  

 
The multiple advantages of an FSR approach are now generally 

accepted (Diaz Cisneros, 1983), but many operational difficulties remain -
-not the least of which are those associated with organizing a 
multidisciplinary group of scientists into a productive development team. 
Although an FSR model seems particularly suited for use by communication 
scientists and practitioners working as partners in such a team, rarely 
has communication expertise been included at all phases of project 
development (either within FSR or other integrated team approaches).  

 
On the other hand, our development communication models remain 

largely descriptive --lacking operational definitions and a mechanism for 
systematically integrating communications concepts and technology within 
development strategies. Within international development planning, there 
seems little agreement as to 1) who is responsible for analyzing, 
measuring, and evaluating communication functions, 2) which instruments 
and methodologies are appropriate, and 3) how to incorporate these 
functions within development project design and implementation--especially 
at operational levels.  

 
This discussion paper has proposed that the FSR approach provides a 

uniquely useful mechanism for addressing each of these limitations of 
development communications. Simultaneously, the FSR approach could be 
strengthened at several systems levels.  
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To expand upon these notions, further discussion is proposed around 
the following topics. (Use of the Hart Model, Figure 1 is suggested as a 
means for structuring group discussion.)  

 
SUGGESTED DISCUSSION TOPICS  

 
Interchange of findings, methodology, and other FSR information is 

limited by lack of clearly-stated operational definitions of concepts and 
terms used. The term "information flow" itself has few agreed-upon 
criteria or diagnostic procedures for measurement.  

 
This paper suggests that we can borrow from our colleagues in 

management information, data processing, decision support, and 
instructional system design to construct such working definitions based on 
human behavior and proficiencies. That is, for example, we can 
"characterize" the FSR information processes in terms of the behavioral 
objectives of the persons involved, with the interactive environment of 
FSR serving as an ideal analytical framework or field laboratory. Such an 
approach provides, at least, an objective, common "language" for 
discussion across and among systems levels (from farmer and family 
behavior to specialized roles of national and international insti-
tutions). In this view, human skills and interactions energize all 
information-flow functions (generation, feedback, processing, coding, 
storage, dissemination, analysis, evaluation, etc.)  

 
Possible discussion topics: (based on "flow" lines in Hart Model)  
 

1. diagnostic or characterization procedures or guidelines for study 
of FSR "flow" components and processes.  

 
2. criteria and instruments to measure skills and rate of "flow" at 

each system level (i.e. proficiencies).  
 
3. methodology to design, adapt, test alternative roles and 

technologies to strengthen FSR "flow functions" (training in 
information processing skills).  

 
From a general evaluative viewpoint, the rate of "information flow" 

characterized within the above sorts of activities could be used as a 
measure of the efficiency of the FSR approach. That is, the levels of 
proficiency reached within each information function (skills of people 
involved) could determine the overall effectiveness of the FSR 
methodology. Stated differently, as each information skill is maximized in 
FSR, increased efficiency could be expected at all systems levels --from 
characterization and design to information treatment, delivery and 
feedback. Thus, "information flow" could serve as both energizer and index 
of FSR-based improvements in agricultural development.  
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Figure 1.  A general farming systems research and extension process 
composed of interacting sets of activities applied to a 
hierarchy of agricultural systems.  
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ASSESSING ADOPTION OF TECHNOLOGY AMONG SMALL FARMERS: 
CLASSIFICATION AND PROFILE ANALYSIS 

 
Germàn Escobar 
Julio Henao 
Myron Schenk 

 
Technological change among small farmers has long been a topic of 

interest among applied researchers, and social scientists. Experiences 
have demonstrated that technological change does not occur simply because 
an improved production technology is available for farm use. Numerous 
factors condition the acceptance of new production techniques (Steven's, 
1977). These factors have caused researchers, planners and government 
institutions to incorporate into their analysis concepts such as farming 
systems, risk-sharing and buffer institutions.  

 
An important limitation to studying the adoption of improved 

technology by small producers is the lack of generalized theoretical 
models and applied analytical methods, not only to explain farmer's 
behavior, but to classify and predict farmer's response to new 
technological patterns. This is a very difficult constraint to overcome, 
because of the great difficulty in isolating and measuring intangible and 
exogenous factors which may condition expected farmers behavior.  

 
One means to better understand a farmer's response to technical 

change is to monitor farmers' reactions to improved technology after they 
have had the opportunity to test and participate in the production process 
utilizing improved production methods. This simple approach should permit 
the identification of some farmer characteristics which could be 
considered as an approximation to the concept of thresholds for adoption.  

 
Considerable literature exists reporting attempts to explain 

adoption of technology by observing groups of small farmers who have 
already accepted technological innovations. Feder, Just and Zilberman 
(1981) have grouped studies according to factors most frequently mentioned 
as affecting technological innovations. They include farm size, land 
tenure, labor availability, credit, risk and uncertainty, human capital 
and other sociological factors. Other researchers have considered socio-
personal and socio-psychological variables by using score systems and 
analyzing farmers' attitudes through a profile analysis methodology 
(Somasundaram and Singh 1979, Subramaman et al. 1981, Vijayaragharan and 
Somasundaram 1979).  
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The purpose of this paper is to relate farmers' adoption responses 
to selected grouping characteristics which might be used for further 
classification of farmers into adoption groups. Also, it is expected to 
determine possible economic rationality for technical change among those 
farmers who do accept improved production techniques.  

 
A set of farmers from the area where an on-going farming systems 

research program is being carried out by the Tropical Agricultural 
Research and Training Center (CATIE) was selected for the purposes of this 
analysis. This sample included farmers possessing some of the conditions 
reported in the literature as important factors for adoption of technology 
(Feder et al. 1981): extensive prior information, knowledge of the 
production techniques, an economically viable technological alternative, 
and a known final product price.  

 
THE TECHNOLOGICAL ALTERNATIVE  

 
The concept of appropriate technology is considered as critical for 

adoption of new technology by small farmers (Flinn and Lagemann 1980, 
Ruttan 1977). A technical innovation is considered appropriate if it 
facilitates the substitution of relative abundant factors for relative 
scarce factors of production, at a given price structure. This implies 
that a technical alternative for farmers should be consistent with a set 
of elements such as their objective function, factor endowment and 
efficiency, both at the technical and market levels within their 
diversified farm activities. These are indeed requisites to be considered 
by agricultural researchers from the viewpoint of technology design, and 
the socio-economic environment in which small farmers make decisions for 
agricultural production.  

 
One approach to appropriate technology development is the on-farm, 

farming systems research (FSR). This methodology involves the farmer from 
the beginning of the process of technology generation and also includes 
several joint evaluations during the process to ensure the generation of 
technological alternative as suitable to farmers as possible (Nararro, 
1979). This paper reports the assessment of farmer responses to a 
vegetation management weed control technology which was developed during 
five years of cooperation between personnel of the International Plant 
Protection Center (IPPC) of Oregon State University, CATIE, and small 
maize growers from the Atlantic humid lowlands of Costa Rica.  

 
In terms of net changes to the farmer's practice, the technological 

alternative involves adjustments in timing and rate of chemical products 
that are already widely utilized by small farmers in the area (Escobar and 
Shenk, 1981). It also introduces the use of an inexpensive spray shield 
enabling earlier herbicide applications. This weed control technology was 
developed following CATIE'S FSR methodology which included  
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characterization, technology design, on-farm experimental trials, 
validation (farmer evaluation) of the best experimental results and a 
continuous agronomic analysis incorporating feedback within the process.  
 

Analyses have shown that the technology meets several of the 
prerequisites found important for this area: it is economically attractive 
and labor-saving to farmers (Escobar and Shenk, 1981); it is focused on 
weed control, which is perhaps the most limiting technical production 
factor (Escobar and Shenk, 1981), it represents a simple modification of 
common practices, and its use apparently introduces a structural change in 
the economics of maize production by shifting the production curve upwards 
(Escobar and Shenk, 1982).  

 
The validation phase of the FSR methodology included the evaluation 

of the final recommended alternative during two maize cropping seasons by 
32 small farmers of the area. During this period, some climatic, 
pedological, economic and social characteristics were recorded through 
weekly visits, including all farm input-output activities, a control 
trial, and human and capital inventories. Farms were monitored in the 
planting season following the validation trials to determine the degree of 
utilization of the improved practices.  

 
THE ANALYTICAL FRAMEWORK  

 
The monitoring activity made it possible to differentiate level of 

adoption among maize growers. The simplicity of the weed control 
technology permitted the grouping of participating farmers into four 
categories: a) non-adopters (Croup 1); b) low adopters: those farmers that 
adopted only the pre-planting vegetation management techniques (Group 2); 
c) medium adopters: those who use the technology in group 2, and also the 
application shield which was provided during the validation phase (Croup 
3), and d) adopters of all practices and the rate of chemicals recommended 
in the weed control technology (Croup 4).  

 
Based on previous literature and on the area characteristics, a set 

of variables was hypothesized as key factors influencing adoption of 
improved technology by small farmers. These variables include farm 
resources and their use, with emphasis on labor which is the most limiting 
factor in this area, some measurements of the farmer wealth status, and 
some site and personal characteristics (Table 2).  

 
Previous to the testing of this hypothesis, a factor analysis was 

performed to establish those variables explaining most of the variation 
among farms. This procedure had a twofold purpose: to check the potential 
explanatory power of the hypothesized variables, and to incorporate into 
this set of variables those with high communality. The factor analysis 
made it possible to select the final set of variables which explained 70% 
of total variation among farms. Three variables were eliminated from the 
original list because of their multicolinearity and low communality (Henao 
and Escobar, 1983).  
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A linear discriminant function was used as the statistical approach 
for testing the proposed hypothesis with the four adoption groups. This 
analytical tool was also utilized to assign farmers likely group 
membership. This permitted the generation of two additional pieces of 
information: 1) the classification coefficients which may be used as 
prediction equations, given the value of the variables for a specific 
farmer, and 2) the profile of each exclusive group of adopters based on 
the selected variables. This helped understand the rationality for 
introducing or rejecting technological change for maize production.  

 
The linear combination of the discriminant variables, and the 
classification function are of the general forms:  
 

Di = di1 Z1 + di2 Z2 + .... + dip Zp and  
 
Cl = Cio + Cil Vl + V2 + .... + Cip Vp  
 
..........................................  

 
where: Dl  = the score on discriminant function i  
 

d's  = weighting coefficients  
 
Z’s  = values of p discriminant variables (Xi to Xp in Table 2)  
 
Ci  = the classification score for group 1  
 
Cio  = the constant  
 
Cip  = classification coefficients  
 
V’s  = scores on the discriminating variables (Xi to Xp)  

 
With the exception of soil fertility, all variables were measured in 
cardinal bases to facilitate further application of classification 
coefficients as prediction weights. The use of indexes would have 
introduced several difficulties using these results as forecasting tools.  

 
EMPIRICAL GROUP CLASSIFICATION  

 
Results of the discriminant analysis and the classification 

procedure application are summarized in Tables 1 and 2. In Table 1, the 
initial farm classification based on the adoption recorded during the 
monitoring phase is compared with the classification based on the 
discriminant analysis. The fact that only two farmers out of the 27 are 
misclassified suggests that the variables chosen were adequate to confirm 
the original selection and to classify farmers previously exposed to 
appropriate technological innovations given the production conditions of 
the study area.  
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This information suggests that the hypothesis regarding the 
relationship of adoption and some economic, personal and farm site 
characteristics was well founded. Whether or not this set of variables 
could be used as a threshold for technology adoption will depend on a 
further score construction needed to jointly measure variables with a 
multivariate distribution. The application of the linear discriminant 
function determines the differentiation of the sample in four mutually 
exclusive groups (1 to 4). Consequently, estimated coefficients constitute 
weights to assign a specific farm to any group. Significance of 
coefficients could be tested through cannonical analysis, but such 
information is redundant to this analysis.  

 
The estimation of posterior probabilities measures the chance a 

farmer has to be classified in each of the four adoption groups. Excluding 
three cases, there is a high probability that farmers belong to the group 
to which they have been assigned through the functional analysis.  

 
Estimated coefficients for each of the adoption groups (Table 2) 

seem heavily influenced by two site characteristics: total rainfall 
measured at the district level, and the soil fertility index as 
constructed from chemical analysis of a combined soil sample from each 
farm. Although these coefficients are difficult to interpret since they 
are not standardized, the importance of these factors is evident since the 
presence and aggressiveness of some seeds are directly related to rainfall 
and the quality of the soil.  

 
There are two geographical districts in the area with significant 

differences in rainfall, both annually and by cropping season (Escobar and 
Shenk, 1981).  

 
Other variables with relatively high estimated coefficients are the 

farmer's previous cooperation at the time of the improved technology 
development and the farmer's level of education. These variables have been 
reported in the literature as related to technological change (Feder et. 
al., 1981). The active participation of farmers during the on-farm trial 
phase increased the degree of appropriateness of the technical innovation 
and could be taken as an indication of importance of some factors like the 
risk attributable to the technology itself.  

 
The proportion of farm land devoted to annual and permanent crops 

was also important for classification of adoption groups. This land 
allocation is apparently related to other site specific characteristics 
(rainfall and soil fertility) and the distance to the market places.  

 
Apparent differences exist among adoption groups. In most cases, the 

coefficients for the group of adopters (Group 4) are greater than the 
coefficients of other groups. In the same sense, the lower coefficients 
values of the non-adopter group (Group 1) is evident in almost every 
variable.  
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PROFILE BY ADOPTION GROUPS  
 
The average value of discriminating variables which represent 

differentiating characteristics among farmers is shown in Table 3. 
However, individual elements of the set do not necessarily conform to such 
differentiation, since it is precisely the mutual interactions and 
combinations of those variables that makes the multivariable analysis 
meaningful as analytical instrument. This implies that the coefficients 
presented in Table 2 are to be utilized as a forecasting tool, rather than 
the variable values which could not be used as thresholds unless a group 
index is constructed using those average values.  

 
Nevertheless, it is possible to detect some trends among groups 

relating to the introduction of technological changes. The proportion of 
land in annual and perennial crops tends to be higher for farmers with a 
higher level of adoption. Total family and hired labor used for farmers 
also have a pattern which tends to relate the group of lower adoption 
levels with lower amounts of labor utilization.  

 
The differentiating characteristics are complemented with the 

estimation of some economic indicators, which are useful in explaining the 
economic behavior of farmers classified by adoption levels. These 
indicators are presented in Table 4.  

 
A relevant relationship is the linkage between the adoption groups 

and returns to labor, which is of paramount importance in this region, 
given that labor is the main resource constraint. This labor shortage is a 
seasonal problem which results in low family labor utilization over the 
production year, relative high hired labor use, and low off-farm labor 
activity due to the structure of the banana plantation labor requirements 
whose prices dominate the regional market for labor (Tables 3 and 4).  

 
Other variables such as the wealth-like indicators (farm, livestock 

and cash costs values), and other land uses show low values for the non-
adopters (Group 1) in relation to other adoption groups. Although these 
variables could be interpreted as indicators of the implicit risk-adoption 
relationship reported in the literature, the tendency to change value with 
the level of adoption is not consistent in every case (Figure 1). A 
similar tendency seems to be present in the relationship between other 
economic efficiency indicators like farm net income and maize income and 
the adoption groups. These findings demonstrate, again, the limited use of 
the individual variable values to understand the multivariate effect of 
those farm characteristics over decisions involving adoption of improved 
technology.  

 
In general, farmers with higher returns to labor and cash ex-

penditure both at the farmer and the maize production system levels are 
adopting weed control recommended practices. This is also the case  
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among those farmers obtaining the best benefit/cost relation (Figure 1). 
This seems to be the economic rationality for technological change among 
farmers under study. It would imply that these farmers might be labor use 
maximizers, which conforms both the regional labor market and the labor 
saving characteristics of the technological alternative.  
 
CONCLUDING REMARKS  

 
Monitoring of small farmer's response to an appropriate 

technological alternative within his farming activity appears to provide 
enough information to classify farmers into adoption groups. Through the 
use of multivariate analysis techniques, it is possible to select a 
reduced set of adoption related variables capable of yielding almost the 
same classification of farmers into mutually exclusive groups, including 
posterior probabilities statements to evaluate likely membership to a 
specific adoption group.  

 
In this case, this classification procedure brings about an adoption 

forecasting tool that allows the classification of a given farmer into one 
of the adoption groups, even if the functional forms might be site 
specific to the study area. These prediction functions constitute an 
instrument for extension purposes, which is the next phase to be 
undertaken. Two major advantages of this instrument are: a) it permits a 
pre-evaluation of the success of the transference effort by identifying 
target groups which, in turn, allows the planning and budgeting of the 
activity, and b) it is simple and relatively cheap to implement due to the 
reduced set of variables that can be quantified at the farm level.  

 
Farmer profile by adoption group does not show a definite pattern 

according to the levels of technology adoption. It is possible to 
distinguish some tendencies to variation through which its lower average 
values for the lower adoption group could be detected.  

 
Likewise, the analysis of some economic indicators indicate a 

definite relationship between returns to labor and cash expenditure and 
the levels of adoption. This suggests that in this case the objective 
function of these farmers might be the maximization of their return to 
labor.  

 
In general, this methodological approach seems worthwhile to be 

repeated elsewhere, looking for generalization and repetitiveness in other 
areas with small farming systems.  
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Table 1. Farmer Classified by Adoption Groups According to the 
Discriminant Function, and the Classification Procedures. 

 

No. of  
Farms  

Initial 
Group 

Classif. 

Functional 
Group 

Classif. 

Probability of Membership 
in Each Group 

1 2 3 4 
 
1  

 
4 

 
4 

 
0.0148 

 
0.0000 

 
0.0000 

 
0.9852 

2  2 2 0.0000 0.9989 0.0011 0.0000 
4  3 3 0.2179 0.2680 0.2728 0.2413 
6  3 3 0.0000 0.0227 0.9737 0.0000 
7  3 3 0.0000 0.0248 0.9752 0.0000 
8  1 1 0.9956 0.0000 0.0000 0.0044 
9  3 3 0.0000 0.0003 0.9997 0.0000 
10  2 2 0.0001 0.9132 0.0867 0,0000 
11  2 2 0.0000 0.9942 0.0058 0.0000 
12  4 4 0.0049 0.0000 0.0000 0.9950 
13  3 3 0.0011 0.0637 0.8407 0.0945 
14  2 3* 0.0000 0.1806 0.8194 0.0000 
15  4 4 0.0005 0.0000 0.0000 0.9995 
16  2 2 0.0141 0.4974 0.4157 0.0728 
17  3 3 0.0000 0.0141 0.9858 0.0000 
18  2 2 0.0000 0.9992 0.0008 0.0000 
19  2 2 0.0000 0.9291 0.0696 0.0013 
21  3 3 0.0000 0.4400 0.5600 0.0000 
23  1 1 0.9984 0.0000 0.0000 0.0016 
24  1 1 0.9811 0.0000 0.0000 0.0189 
25  4 4 0.0005 0.0000 0.0000 0.9995 
26  4 4 0.0002 0.0007 0.0569 0.9422 
27  4 4 0.0031 0.0001 0.0007 0.9962 
29  3 3 0.0009 0.0458 0.7743 0.1790 
30  3 3 0.0000 0.2375 0.7625 0.0000 
31  3 3 0.0000 0.0696 0.9303 0.0001 
32  
 

4 
 

1* 
 

0.8742 
 

0.0001 
 

0.0007 
 

0.1250 
 

*Misclassified farmers 
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Table 2. Estimated Classification Coefficients from the Linearized 
Discriminant Function for Determined Adoption Groups 

 

Variables 
Adoption Groups 

1 2 3 4 

 
Constant (x0) 

 
 -267.80846 

 
 -230.57911 

 
 -222.51695 

 
 -284.61239 

 
Total family 
 labor (x1) 
 

    0.10829     0.15127     0.11904     0.17799 

Family labor available 
 for farm use (x2) 

 -  0.28009  -  0.24106  -  0.22885  -  0.31250 

 
Previous cooperation 
 with on-farm trials 
 (x3) 
 

   39.68600    32.01305    35.63871    39.46563 

Farmer’s age (x4)     0.96902     1.05934     0.99616     1.0000 
 
Farmer’s formal 
 education (x5) 
 

    6.04192     6.02222     5.32911     5.91789 

Total Farm area (x6)  -  2.93848  -  2.53946  -  2.95110  -  3.26676 
 
Proportion of land in 
 annual crops (x7) 
 

    1.45123     1.40304     1.36002     1.54060 

Proportion of land in 
 permanent crops (x8) 

    0.58101     0.53955     0.57957     0.65434 

 
Estimated total live- 
 stock value (x9) 
 

 -  0.00078  -  0.00064  -  0.00066  -  0.00076 

Rainfall district (x10)   151.27279   139.89251   136.18418   153.89574 
 
Distance to closer 
 supply/market 
 center (x11) 
 

    2.85151     2.20146     2.39774     2.84959 

Soil Fertility 
 index (x12) 
 

   19.48735 
 

   18.44050 
 

   18.08689 
 

   21.81511 
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Table 3. Average Value of the Discriminating Variables by Adoption Groups  
 

Variables 
Adoption Groups 

1 2 3 4 
 
Total family labor for farm use 
 (man-days/year) 
 

271.3 651.3 637.8 500.1 

Family labor used in farming 
 (man-days/year) 192.1 195.6 217.6 174.2 

 
Previous cooperation with on-farm 
 trials (frequency) 
 

1 2 3 2 

Farmer’s age 44.0 38.7 45.0 44.3 
 
Farmer’s formal education (school 
 years) 
 

2.0 3.5 3.0 2.0 

Total farm area (has) 16.9 19.8 18.8 18.0 
 
Land in annual crops (%) 
 

6.0 24.0 15.3 20.8 

Land in perennial crops (%) 8.5 8.8 10.7 14.2 
 
Estimated total livestock value (₡) 
 

25433.3 28016.7 37646.6 30485.7 

Distance to closer supply/market 
 center (min.) 45.0 19.2 21.6 38.3 

 
Soil fertility index (frequency) 
 

1 3 1 4 

Rainfall areas (mm) 
 Guàcimo: 2500-3500 Cariari: 4000-5000 
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Table 4. Average Value of Some Economic Characteristics of Farms by 
Adoption Croup  

 

Variables 
Adoption Groups 

1 2 3 4 

 
Total hired labor (man-days/year) 
 

   154.5 2   49.6    331.4    326.3 

Off-farm labor (man-days/year)     11.7      9.7     13.4     19.3 
 
Estimated farm value (₡) 
 

148333.3 322750.0 315080.0 237928.6 

Area in pasture (%)     48.8     24.4     26.9     22.6 
 
Area in bushes (%) 
 

    36.8     42.8     47.1     42.5 

Area in maize production (has)      0.8      3.2      2.4      3.2 
 
Total farm input cash cost/year (₡) 
 

  8842.9  17720.7  25924.5  16792.3 

Net farm income/year (₡)   6230.2  21346.7  11657.5  13666.5 
 
Net maize income/ha (₡) 
 

  1499.0   3888.1   4025.5   3348.7 

Return to total farm labor (₡/hour)      5.9      8.1      9.7     15.8 
 
Return to family farm labor (₡/hour) 
 

     5.9     13.6      7.2      9.3 

Return to family maize labor (₡/hour)     13.0     35.9     38.2     40.2 
 
Return to farm cash cost 
 

     3.1      2.1      2.5     10.1 

Return to maize cash cost      4.9      4.3      4.0      5.8 
 
Farm benefit/cost 
 

     2.4      1.9      3.3     10.8 

Maize benefit/cost 
 

     4.4 
 

     3.9 
 

     3.6 
 

     4.3 
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Figure 1. Relations between some economic indicator and adoption groups. 
 

 



674 
 

 
 
 
 
 
 
 
 
 
 
 
 

SPECIALIZED ASPECTS IN FARMING SYSTEMS ANALYSIS  
 
 
 
 
 
 
 
 

Kathleen DeWalt 
 

Meredith Smith 
 

Carol Kerven 
 

Anita Spring 
 

David Zimet, Christina H. Gladwin and Thomas Spreen 
 

Lawrence W. Pauling and Louis E. Grivetti 
 

Joseph H. Conrad 
 

John P. Bishop 
 

Vera Niñez 
 

Robert L. Rhoades 
 

Peter Wyeth 
 

Earle W. Klosterman 



675 
 

NUTRITIONAL STRATEGIES AND FARMING SYSTEMS RESEARCH 
IN SOUTHERN HONDURAS: THE INTERNATIONAL SORGHUM AND 

MILLET PROJECT (INTSORMIL) 
 

Kathleen M. DeWalt (1, 2) 
 

In this paper I wish to address several issues concerning the 
inclusion of dietary and nutritional studies in Farming Systems Research. 
I will talk in general terms about the problems such research should 
address and the kinds of information which contributes to the 
understanding of farming systems. I also wish to discuss briefly the 
methodological approach to the study of diet and nutrition that we have 
used in research in Southern Honduras sponsored by the International 
Sorghum and Millet project (INTSORMIL) a Collaborative Research Support 
Project funded by the Agency for International Development.  

 
Southern Honduras was selected as a research site because it is an 

area in which sorghum has been incorporated into farming systems for at 
least 100 years. Furthermore, it is one of the few areas in the Western 
Hemisphere in which sorghum is used as a human food as well as feed for 
animals. In addition, the climate of Southern Honduras is such that 
periodic droughts adversely affect the production of maize in many years 
in which the more drought tolerant sorghum continues to yield well. 
Finally, Honduras is the second poorest country in the Western Hemisphere. 
National surveys of nutritional status estimate that over 70% of children 
suffer from undernutrition (SAPLAN 1981). When average diets were compared 
€or 1966 and 1979 the overall availability of energy, iron and Vitamins A 
and C in the Honduran diet had declined slightly. Food balance data from 
the nation as a whole indicate trends seen in other Third World countries 
experiencing declines in nutritional well-being. The country continues to 
use much of its best cropland to produce commodities desired by the 
developed countries. In addition to exporting bananas and other tropical 
fruits, in recent years Honduras has been converting more of its land into 
pasture to raise beef cattle for export. While beef production rose by 
230% between 1960 and 1979, per capita consumption of beef actually 
declined by 20% (DeWalt 1983). During this same time period, imports of 
basic grains rose by almost 2000% for corn, 330% for rice, and 200% for 
beans.  



676 
 

Why Include Nutrition in Farming Systems Research?  
 

Hulse (1982) has recently argued that a failure to pay careful 
attention to the nutritional impact of food production and processing 
technology on the poor in less developed countries results in the 
formulation and implementation of food policy with little or no evidence 
to predict its consequences for nutritional status. Hulse was addressing 
the area of food science and postharvest processing specifically, but the 
argument applies to production policies as well. It seems clear that the 
introduction of technologies designed to improve the productivity of small 
farmers is not nutritionally neutral. Unfortunately, evidence suggests 
that it has frequently not been nutritionally positive at least in terms 
of the nutritional status of the small farm family. Fleuret and Fleuret 
(1980) in a review of nutrition, consumption and agricultural development, 
conclude that few programs to improve the productivity of small farmers 
have had a positive impact on the nutritional status of their families. 
Some have even contributed to a decline in nutritional status.  

 
Changing crop choice and techniques of cultivation contribute to 

changes in food availability and nutritional status in several ways. 
Perhaps the most controversial question is the effect of replacing 
subsistence crops with cash crops with the assumption that increases in 
income will enable the producer to purchase displaced foods. This 
assumption is not clearly supported. Elsewhere, I have argued that 
increasing income results in a different diet but not necessarily a better 
diet (DeWalt, K.M., n.d.). The application of some technologies to the 
production of subsistence crops results in a decline in crop diversity and 
consequently dietary diversity. A related problem is the elimination of 
unplanted food producing crops such as the edible wild plants which grow 
in the disturbed soils between rows of cultivated crops. Displaced minor 
crops and uncultivated plants are often overlooked because they do not 
provide the bulk of energy as other crops do, but may be major sources of 
micronutrients (Messer 1972, 1977; DeWalt, K.M. 1983). Fleuret and Fleuret 
(1980) also point out that technologies requiring real location of labor 
may have dramatic effects on the nutritional status of family members.  

 
The nutritional impact of the introduction of alternating production 

technologies is an issue which has not received the attention it requires.  
 
The other side of the coin is that small farmers producing crops for 

consumption within the household understand the need to protect family 
diets and evaluate new varieties of seed and technologies of production on 
the basis of their impact on the acceptability of the product as food. 
Numerous accounts exist of the rejection of new varieties of seed because 
their organoleptic qualities were unacceptable.  

 
A third area of concern is the interaction of food production, food 

processing techniques, and nutrition. Sorghum, for example, is a grain  
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that raises these kinds of questions. Research with sorghum suggests that 
it is poorly digested by humans. At the same time in many areas of the 
world it is a dietary staple which is subjected to special processing. The 
nutritional impact of improving sorghum production may then need to be 
evaluated in light of post harvest processing techniques used to prepare 
it as food.  
 

In small farm families engaged at least in part in farming to meet 
subsistence needs, all of these issues become especially crucial. Also, in 
these families the production and consumption units come together. Farming 
Systems Research, with its farm family focus, provides a logical model for 
the inclusion of a focus on the nutritional implications of technology 
transfer for the producing family. Tripp writes: "...nutrition planning 
and the data developed by on-farm research are in fact complimentary. Any 
effort to use agricultural change as a vehicle for nutritional improvement 
must take into account of farmer's production interests and the technical 
and economic realities of small farm management. Agricultural change 
programs, on the other hand, must assure that they are consistent with 
farmers' consumption preferences and offer real opportunities to improve 
farm families' welfare (1982:2)."  

 
The inclusion of dietary and nutritional research has been a major 

component of the farming systems research we have undertaken as part of 
INTSORMIL in Southern Honduras. We had three objectives for the 
incorporation of dietary and nutritional data in this research. The first 
was to provide information on the uses and methods of preparation of basic 
food stuffs, with an emphasis on sorghum in order to provide information 
on the characteristics of sorghum which make it an acceptable food in this 
area. This has been crucial as the overall goal of INTSORMIL is to improve 
the production of sorghum and millet as human foods. The second was to 
assess the impact of alternative farming strategies already being followed 
on the diets and nutritional status of farm families. Such information is 
important in predicting the probable impact of agricultural innovation on 
diet and nutritional status. A final objective of our research approach 
has been to provide baseline data on both diet and nutritional status in 
order to allow for a basis for evaluation of the effects of agricultural 
innovation on the nutritional status of small farm families in the future. 
Data necessary for the evaluation of such projects has been sadly lacking 
in the past leaving no basis for comparison of the quality of life after 
innovations have been introduced.  

 
Agriculture in Southern Honduras spans several ecological zones, and 

sorghum production is important in most of them. In the highland areas, 
production of basic grains such as maize and sorghum, and cattle 
production are the major forms of agriculture. While land tenure varies 
from area to area, for the most part there are a few farms of 40-100 
manzanas and a much larger number of smaller land holdings. A large number 
of landless agriculturalists are able to rent land or sharecrop on the 
unused lands of larger holders. Agriculture is mostly slash and burn with 
land returning to fallow after two to three years of  
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cultivation. The major subsistence crops, maize and sorghum, are 
intercropped in the same field. Secondary crops include squash, a small 
amount of beans, watermelon, sweet manioc, camote and a small amount of 
dry land rice. The area is also known for its mango production.  
 

Cultivation is on hillsides with little or no mechanization (Dewalt, 
B.R. and K.M. DeWalt 1982). Chemical fertilizers are infrequently used 
although herbicides are frequently used and serve as a major labor saving 
device. Increasingly, land formerly available to renters and sharecroppers 
for the production of subsistence grains is being turned to pasturage for 
beef cattle. The production of beef requires little labor and both land 
for subsistence agriculture and wage labor opportunities are becoming 
increasingly scarce in these areas (B. R. DeWalt 1983).  

 
In the lowland coastal area subsistence crops and cattle are joined 

by a number of cash crops produced for distant internal markets and 
export. These include cotton, sugar, and melons. Large landowners 
predominate in the flat, open areas characteristic of this zone. The cash 
crops produced are only partially mechanized and require relatively large 
amounts of labor providing a much greater need for agricultural labor. The 
result is more capitalistic relations of production in which large numbers 
of landless workers make their living working in cotton and sugar. 
Relatively little sharecropping and land rental take place and these 
subsistence farms are also characterized by intercropping of maize and 
sorghum. In addition, the area is one in which the limited agrarian reform 
begun in the 1970's has had some effect. A number of agrarian reform 
communities (asentamientos) exist in the area, including two communities 
included in our survey. The asentamientos follow a number of strategies 
for production. The ones we have surveyed produce cotton cooperatively and 
allocate two manzanas of land to each family on which subsistence crops, 
maize, sorghum, beans, squash, and melons are grown. Asentamiento members 
may also continue to work for plantation owners as well.  

 
Communities chosen for study in Southern Honduras included villages 

in both the ecological settings of interest. A series of three communities 
in the highland municipio of Pespire where subsistence production of basic 
grains and the production of cattle are the major agricultural pursuits 
were surveyed in 1981. Two agrarian reform communities in the coastal 
plain where cotton production is important, along with subsistence 
production of grains and cattle production were surveyed in 1982. 
Asentamiento members have and continue to participate as wage labors on 
the land of neighboring latifundias.  

 
Nutritional Strategies Approach  

 
In other studies (K.M. DeWalt, 1981, n.d.), we have argued that 

participation in subsistence agriculture puts families in a complicated 
relationship with respect to alternative food resources. The problem of 
agricultural development and nutrition has been approached relatively  
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simplistically, as though it were essentially a problem of income, 
however. Thus, development of cash-producing crops is frequently seen as a 
means of producing an increased income which is assumed to translate into 
ability to improve diet through the purchase of foods. As our earlier 
studies in Mexico (DeWalt. 1983) have demonstrated, the relationship 
between diet and income can be much more complex in agrarian communities. 
The framework we have found to approach the complex nature of diet in 
agrarian communities is one which recognizes the various alternative food 
resources available and examines the situations and conditions under which 
families use alternative resources to meet their nutritional needs. We 
have called these alternatives, “Nutritional Strategies" and have viewed 
the decision-making process among alternatives as an adaptive one (DeWalt 
1981).  
 

The nutritional strategies approach addresses two methodological and 
theoretical problems in dietary research in agrarian communities. The 
first is the problem of looking at individual variations in diet within a 
system of shared dietary norms. The second is the difficulty of organizing 
the collection and analysis of dietary and other data so that the varying 
effects of alternative economic and agricultural strategies can be 
addressed. We expect different patterns and strategies in different 
ecological settings so that we are looking for both inter-and intra-
community differences.  

 
The approach draws on both ethnographic and survey research skills. 

The first step in the research strategy is the description of potential 
nutritional resources or pathways through which food enters households 
(DeWalt, 1981) including, but not limited to, home-produced foods, 
purchased foods, foods shared among family members or social and religious 
organizations, donated foods, etc. The next step is to identify 
characteristics of households which might positively or negatively affect 
the households' ability to exploit alternative pathways. These include 
methods of farming and crop choice; methods of income generation and 
economic standing; family structure and patterns of task allocation; 
participation in ritual life; location and ecological surroundings of the 
households; beliefs about food and definitions of appropriate foods. The 
final step is to operationalize these factors and indicators of dietary 
and nutritional well-being to test the relative importance of potential 
factors in particular communities.  

 
We have applied this approach to our study of diet in Southern 

Honduras within the context of the INTSORMIL project. The results of our 
preliminary analyses have provided some insights into the nutritional 
system of several communities in different ecological zones. In this paper 
we will be reporting on research in three communities in the highland 
region of Southern Honduras in which there remains a strong (albeit 
shifting) emphasis on subsistence agriculture focused on the production of 
basic grains by small independent farmers.  

 
Research Methods  
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Our data come from several sources. Using ethnographic methodology 
we set about the task of describing household consumption patterns in 
research communities. An interview schedule was constructed and 
administered to male and female head sample of households. Male household 
heads responded to a detailed questionnaire concerning agricultural 
practices and economic strategies. Female household heads in those 
households responded to questions concerning household composition, 
economic strategies, food resources, diet, and health-related practices 
and beliefs. Dietary data were collected through the use of 24-hour recall 
of family meals and a "market basket" interview which included foods 
entering the household in the preceding week, the amounts and their 
sources.  

 
The nutritional strategies approach focuses on alternative pathways 

along which food enters households and the factors which facilitate and 
constrain exploitation of various food resources. In other words, it is a 
diet-focused approach. Therefore, there is at the same time, a need for 
independent evaluation of nutritional status. We have chosen to do this 
through anthropometrical evaluations of children under six years of age. 
We collected height, weight, and mid-arm circumference on all children in 
this age group in sample households. All dietary and nutritional status 
measures were collected at least twice for each family at two distinct 
times of the year.  
 
Sorghum in Nutritional Strategies in Southern Honduras  
 

Our data show that food enters these households through a variety of 
pathways, including home production, gathering, hunting, fishing. gifts, 
purchase, and sometimes through a German-Honduran "food for work" program. 
Corn and sorghum provide the bulk of the calories in almost every 
household, but a wide variety of other foodstuffs are also consumed. Meals 
recorded in the 24-hour recalls that we conducted usually included rice 
and beans, often contained cheese and other dairy products, occasionally 
contained vegetables and gathered freshwater shrimp and crayfish. 
Purchased foods such as salt, sugar, coffee, and cooking fat were quite 
common (Thompson, K. DeWalt, and Fordhamm 1982:52-63).  

 
Although corn is the preferred grain for the making of tortillas, 

the basic dietary staple, sorghum, is widely used and is well-accepted. It 
is processed in a manner similar to corn. First, it is subjected to an 
alkali treatment, either with lime or wood ashes. The pericarp is removed 
and the grain is ground wet and formed into tortillas. Sometimes tortillas 
are made with a mixture of sorghum and corn, but the most typical pattern 
in the communities we studied was to use one or the other grain 
exclusively.  

 
Data obtained from a market basket survey for the week preceding the 

interviews indicate that corn, sorghum, or both grains were used in every 
household surveyed. Because it is our impression that landowners have more 
resources under their control than do those who rent or borrow  
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land, we have separated the households into categories of owners and non-
owners. In a comparison of one week's grain usage, we find that 71% of the 
landowners' households used corn exclusively. This was true for only 46% 
of the renters' households. Among renters, slightly more households used 
sorghum rather than using corn exclusively. Households headed by single 
females, or those that did not farm, were much more likely to use sorghum 
than to use corn alone (see Table 1). This pat tern of sorghum usage 
reflects the more limited resources available to non-owners and the fact 
that sorghum was only two-thirds the price of corn.  
 

Sorghum is also incorporated into the diets of children. In a survey 
of foods served to children under the age of four years, 11 children ate 
sorghum tortillas and 14 ate corn tortillas. Sorghum tortillas are 
considered equivalent to corn tortillas for children.  

 
In looking at the relative importance of corn and sorghum throughout 

the year, sorghum is an important food stuff for all groups. Only 20% of 
the households surveyed reported using corn exclusively throughout the 
entire year. The rest of the households reported using sorghum (either 
alone or mixed with corn) during certain months of the year. Of the people 
who use sorghum, we found that it was used an average of seven months by 
renters, 5.1 months by landowners, and 10.4 months by cultivators.  

 
Interestingly, one of our findings is that, among the land renters, 

the greater portion of those who use sorghum are also purchasing sorghum. 
This is understandable in light of the fact that renters usually have 
access to only a manzana or less or land, which is insufficient to meet 
their subsistence needs. Of the landowners who purchased sorghum, we 
suspect that their land holdings are also quite small.  

 
The staple grains of corn and sorghum represent a large percentage 

of the energy requirements for people of the area. It appears that land 
renters rely more heavily upon staple grains for energy, with the average 
of nearly 2000 calories coming from sorghum. Although further analysis is 
necessary, the differences between landowners and non-owners in grain 
consumption indicate a relatively more monotonous diet for renters. They 
rely more heavily on basic grains, while owners supplement grain diets 
with a wider variety of goods.  

 
No one with whom we talked preferred sorghum tortillas to those made 

from corn. Sorghum is a grain that serves as insurance. People eat corn 
when they can, but switch to sorghum when corn is in scarce supply or is 
too expensive to buy. People do not like the fact that sorghum tortillas 
are generally darker than those made from corn. In addition, they report 
that the sorghum tortillas have a blander taste. People also told us that, 
although sorghum tortillas sit very heavily in the stomach, it takes more 
of them to feel full. A commonly encountered formula was that it was 
necessary to eat five sorghum tortillas to feel as full as one might from 
eating four corn tortillas. It is not yet clear to us whether this belief 
has a cultural origin, reflecting a  
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cultural acceptance of corn as amore satisfying food, or if there is a 
physiological basis for the decreased feeling of satisfaction. The food 
chemists involved in the INTSORMIL project cannot see an obvious 
physiological basis for it, but this is an area we wish to pursue more 
fully.  
 

Although because of the community focus of INTSORMIL we have devoted 
much attention to the role of alternative grains in the diet it is 
important to view the diet as a whole. Although the use of grains is 
highly correlated with dietary adequacy foods high in protein in general 
(and dairy products in particular) are also highly correlated with meeting 
energy and protein needs (Table 2).  

 
The relationships between cattle production and production of 

subsistence grains in the highland communities is a complex one and has 
been discussed elsewhere (B. R. DeWalt 1983). Cattle ownership itself is a 
marker of wealth and cattle compete with the landless for access to land. 
At the same time, community members are dependent on milk and milk 
products as important dietary staples. Even poor families without cattle 
use significant amounts of milk products especially fresh curds when they 
are available, and complain when they are not.  

 
Eggs from another important dietary staple and chicken is the only 

meat families are likely to eat on a regular basis. Eggs are singled out 
as an especially good food for children and the elderly. A major 
constraint to poultry keeping is the periodic epidemics of disease which 
move through the poultry populations of the community. It appears to us 
that control of poultry disease would have a major important on improving 
nutrition in these communities.  
 
Conclusions  
 

In the one or two centuries since the crop was introduced into 
Central America, Honduran farmers have engaged in selection practices that 
have produced acceptable food-quality sorghums. Because of its drought 
tolerance, the crop has become a much more productive part of the farming 
systems on the Honduran south coast than has corn. While people still 
prefer corn, sorghum is an important food crop. As we have shown, almost 
50% of the individuals samples in 1981 ate sorghum at some time during the 
year. Furthermore, about 37% of the sorghum produced is consumed by people 
in the households that produce it. In poorer agricultural years, these 
percentages are even higher.  

 
There are a number of issues surrounding sorghum use by humans that 

are being addressed by INTSORMIL scientists. Our data on cultural 
practices are quite important to these issues. Our major question concerns 
the nutritional value of sorghum as a human food. Preliminary studies of 
nutritional quality and protein availability in rats suggested that 
sorghum compared favorably with other grains. On the basis of these 
studies (Bressani 1978), a feeding trial with children was conducted. The 
results of this feeding trial were very poor  
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(McLean, et. al. 1981). The apparent digestibility of the proteins in 
sorghum was only about 46%, compared to over 70% corn. Children fed 
sorghum as their primary source of protein ceased to grow, or lost weight. 
Because of the ethical implications of this result, the experiment was 
terminated early.  
 

These data raised serious questions concerning the nutritional 
effects of promoting sorghum consumption. The experiments conducted with 
sorghum, however, were based on a product prepared by mixing raw sorghum 
flour with water and cooking it into porridge. In Africa, sorghum batter 
is frequently allowed to ferment before it is cooked. In Central America, 
as we have noted, sorghum is cooked in an alkali medium similar to the 
preparation of corn before being made into tortillas. No one has yet 
investigated the effects these preparation methods have on the 
availability of nutrients and the digestibility of proteins in sorghum. It 
is clear to us that traditional preparation techniques should be utilized 
whenever the nutritional value of sorghum as a human food is being 
estimated. Sorghum has been eaten for thousands of years in Africa without 
adverse effects on human populations. We doubt its nutritional value can 
be as poor as suggested by the work of McLean and his colleagues-We expect 
that processing techniques for making the nutrients available in sorghum 
are just as important as they have been found to be for corn (see Katz, 
Hediger, and Valleroy 1974).  

 
A second and similar question is related to the interaction between 

sorghum and ascorbic acid. Research with animal model carried out by 
INTSORMIL scientists (Klopfenstein et.al. 1981, 1983) has suggested that 
in animal models sorghum based diets increase the need for ascorbic acid. 
Our research cannot address that question directly, but our approach to 
the study of diet emphasizing the study of all dietary components shows 
that there are a wide range of cultivated and wild foods used that are 
rich sources of ascorbic acid any program to Improve sorghum production 
would need to protect the availability of these food. Also, as our work in 
Honduras suggests, there is no one who is depending solely on a diet 
consisting of sorghum or corn. The diets of the villagers contain a wide 
variety of food; the biggest problem is simply getting enough food. With 
enough food available, the complementary amino acids necessary to make 
sorghum or corn provide complete protein would not be a problem. Since 
beans and cowpeas are already an integral part of the cropping systems of 
these communities, we believe that directing attention to the improvement 
of the beans-sorghum-corn intercropping system is likely to be more 
beneficial than continuing attempts to develop high lysine sorghums.  
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1. Assistant Professor of Behavioral Science, University of Kentucky, 

Lexington, KY 40536-0086, U.S.A.  
 
2. The research reported here was supported by the U.S. Agency for 

International Development through the International Sorghum and Millet 
Project. (INTSORMIL) Contract No. AID/DSAW-G-0149. 

 



685 
 

REFERENCES CITED  
 
Bressani, R.  
1978 Evaluation of the Protein Quality of Four Selections of Sorghum 

Grain, Unpublished manuscript.  
 
DeWalt, B.R.  
1983 The Cattle Are Eating the Forest. Bulletin of the Atomic 

Scientists.  
 

DeWalt, K.M.  
1981 Diet as Adaptation: The Search for Nutritional Strategies. 

Federation Proceedings 40:64-68.  
 
DeWalt, K.M., Thompson, K.S., and Fordham, M.  
1982 Sorghum as Human Food in Southern Honduras. In Farming Systems 

Research in Southern Honduras. Kentucky INTSORMIL Technical Report 
#1 Lexington, KY: University of Kentucky pp. 51-56.  

 
DeWalt, K.M.  
1983 Nutritional Strategies and Agricultural Change. Ann Arbor: UMI 

Research Press.  
 

DeWalt, K.M.  
n.d. Income and Dietary Adequacy in an Agricultural Community. Social 

Science and Medicine, in press.  
 

Fleuret, P. and Fleuret, A.  
1980 Nutrition, Consumption and Agricultural Change. Human Organization 

39:259-260. 
 
Hulse, J. H.  
1982 Food Science and Nutrition: The Gulf Between Rich and Poor. Science 

216:1291-1294.  
 
Katz, S. H., Hediger, M. L. and Valleroy, L.A.  
1974 Traditional Maize Processing Techniques in the New World. Science 

184:765-773. 
 



686 
 

Klopfenstein, Carol F., Varriano-Marston, Elizabeth and Hosney, Carl 
1981 Effects of Ascorbic Acid in Casein vs. Sorghum Grain Diets in 
     Guinea Pigs. Nutrition Reports International 24:1017-1028.  

 
Klopfenstein, Carol, Hosney, Carl, and Varriano-Marston, Elizabeth 

1983 Effects of Ascorbic Acid in Sorghum-, High Leucine-, and Casein 
     Fed Guinea Pigs. Nutrition Reports International 27:121-129.  

 
McLean, W.C. et. al. 

1981 Protein Quality and Digestibility of Sorghum in Preschool 
     Children: Balance Studies and Plasma Free Amino Acids. Journal of 
     Nutrition 111:1928-1936.  

 
Messer, E. 

1977 The Ecology of a Vegetarian Diet in a Modernizing Mexican 
     Community. In Nutrition and Anthropology in Action. T. Fitzgerald, 
     ed. pp. 117-124. Assen: VanGorcum.  

 
Messer, E. 

1972 Patterns of "Wild" Plant Consumption in Oaxaca, Mexico. Ecology of 
     Food and Nutrition 1:325-332.  

 
SAPLAN 

1981 Analisis de la Situacion Alimentarla Nutricion Durante el Periodo 
     1972-1980. Tegucigalpa, Honduras. Consejo Superior de 
     Planificacion Economica.  

 
Tripp, R. 

1982 Including Dietary Concerns in On-Farm Research: An Example From 
     Imbabura, Ecuador. Economics program working paper No. 82/2. 
     Mexico: CIMMYT.  



687 
 

Table 1. NUMBER OF HOUSEHOLDS USING SORGHUM AND CORN 
 
 

 Landowners Renters All Others Totals 

 
Used Corn 
 

17 (71%) 12 (46%)  4 (27%) 33 (51%) 

Exclusively 
Used Sorghum 
 

 7 (29%) 
 

14 (54%) 
 

11 (73%) 
 

32 (49%) 
 

N = 65 
 
Children < 4 
 
Ate Corn 
Tortillas Only 
 

 8 (62%) 
 

 5 (63%) 
 

1 (25%) 
 

14 (56%) 
 

Ate some 
Sorghum Tortillas 
 

 5 (38%) 
 

 3 (37%) 
 

3 (75%) 
 

11 (44%) 
 

N = 25 
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Table 2. ZERO ORDER CORRELATIONS BETWEEN DEGREE TO WHICH PROTEIN AND  
  ENGERGY NEEDS ARE MET AND FOOD USE 

 
 

Food Use Energy Protein 

 
Corn 
 

.47***1 .36**1 

Sorghum .01 -.11 
 
Beans 
 

.25*1 .49***1,3 

Rice .42***1 .40***1 
 
Eggs 
 

.21 .35**1 

Milk .48***1,3 .53***1,3 
 
Cheese 
 

.20* .33**3 

Cuajada .25*1,3 .61***1,3 
 
Grow Vegetables 
 

.21 .35* 

Buy Vegetables -.04 -.04 
 
Animal Products 
 

.36**3 .39**3 

Grains .91***1,3 .55***1,3 
 
Sweets 
 

.53***1,3 .41**1,3 

Protein Foods .53***1,3 .85***1,3 
 
Dairy 
 

.44**1,3 .74***1,3 

Diet Diversity 
 

.20 
 

.19 (.56)**3 

 
 
   N  =  68 

 

  *p  ≤ .05 1, relationship holds in Villages 1 & 2 
 **p  ≤ .01      3, relationship holds in Villages 3 
***p  ≤ .001 
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NUTRITION AND FARMING SYSTEMS RESEARCH AND EXTENSION 
 

Meredith F. Smith  
 

Farming Systems Research and Extension examines the farming system 
as a whole in an effort to develop and implement new agricultural 
technologies that will improve the wellbeing of the farm family. In this 
context good nutrition can be viewed as a means as well as a goal of the 
development process. As we all know, change in one part of a system 
creates change in other parts of the system as well. Therefore, new 
farming technology can be expected to create change within the household 
as well as in the field.  

 
Nutrition is an input into the farming system because farmers who 

are undernourished lack enough stamina to produce sufficient food to meet 
their family's nutritional needs much less meet the increased energy 
demands of a new farming system. Undernourished individuals have a 
decreased capacity to learn new methods or absorb new ideas. They are 
frequently ill and respond less well to treatment for disease than well 
nourished individuals. Thus, their productivity declines.  

 
In most developing countries the food supply of rural families is 

limited from the time of planting until the new crop is harvested. This, 
of course, is the time when greatest energy expenditure is required.  

 
Studies of the relationship between increased food consumption and 

worker productivity are inconclusive. The most significant effect of 
improved nutritional status may be an enhanced capacity to produce and 
greater motivation to do so (Taylor and Taylor, 1976). There is a 
synergistic relationship between nutrition and disease. Well nourished 
individuals have fewer illnesses, lose fewer days of work, and are able to 
work harder than undernourished individuals. When children and adults 
survive longer there is a greater incentive to plan ahead and risk trying 
new technologies.  

 
An improvement in the quality as well as quantity of food produced 

can be regarded as a nutritional output of the farming system if the food 
is actually consumed by the family or the increased income generated is 
used to purchase more food of improved nutritional quality.  

 
A change in the cropping system which alters the proportion of food 

produced for auto consumption to that produced for market will have a 
greater nutritional effect on limited resource farmers than on those 
already producing primarily for the market. (Whelan, 1982) A shift in  
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cropping patterns to a market orientation will result in an initial 
decrease in food available for the family. If the new cropping pattern is 
successful, increased income will eventually be able to replace foods 
previously grown. Until such time the family is at risk of under-
nutrition.  
 

In Ghana male farmers were encouraged to produce cacao for cash 
(Bukh, 1979). This meant they had to stop producing yams which were 
harvested at the same time. The women tried to take over the yam 
production. But, because of limited time to work in the fields, they 
replaced the yams with cassava which requires less labor. Since cassava 
has a lower nutritional value than yams, the overall quality of the 
family's diet decreased.  

 
The cost of energy required to increase productivity may be greater 

than the value of the output. In Northeast Brazil, for example, an 
increase in sisal production provided an increase in income for the men 
who cut the sisal (Gross and Underwood, 1971). However, almost all of the 
additional cash earned was required to purchase more food in order to meet 
the increased energy requirements of the men themselves. Other family 
members did not receive additional food and in some cases children 
received only about 50% of their daily caloric requirements. Thus, the 
increased income was used to meet increased energy needs of the workers 
and provided no net improvement and sometimes even a decrease in the 
welfare of the entire family.  

 
In Zaire, a soy project increased available protein which un-

fortunately was not consumed by the farm families (Albert, 1983). Soy was 
highly associated with a severe form of malnutrition called kwashiorkor. 
Farmers were reluctant to grow it for fear the neighbors would think their 
children were malnourished. In addition, no one really liked the taste of 
soy and it took longer to cook than the traditional legumes. The latter 
was an important constraint in an area where fuel was scarce.  

 
An increase in agricultural productivity does not automatically 

increase family welfare, especially if:  
 

The additional food produced is not consumed by family members 
proportioned to their needs;  
 
The increased income generated is used to purchase less 
nutritious-high status foods such as soft drinks or highly 
polished rice; or  
 
The ratio of male to female income in the household is 
drastically altered.  
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The subsistence potential ratio developed by Whelan examines the 
ratio of the household's ability to feed itself to its need to feed itself 
(Whelan, 1982). The household's ability to feed itself is expressed by the 
energy or protein value of the food produced during the entire year, the 
agricultural production cycle, or the food production cycle. This can be 
modified to include food purchased as well. The household's need to feed 
itself is expressed by the energy or protein requirements of the entire 
household for the production cycle. This ratio is attractive for many 
reasons. It can be calculated easily from expected yield data plus the age 
and sex of family members. It may be used to classify farm enterprises 
according to their ability to produce sufficient food to meet the family's 
needs. The effect of change in the farming system on productivity or the 
ability of a family to feed itself can also be determined easily.  

 
The subsistence potential ratio does, however, have some problems. 

It assumes that all food produced for family use is actually consumed. 
Estimates of food losses during storage range as high as 46% (Parpia, 
1979). Not only is food lost to rodent or insect infestation, but the 
protein quality of the infested grain decreases as well (Parpia, 1979). 
Additional losses may occur during food preparation or through spoilage. 
Food may be given away or used in religious ceremonies.  

 
The amount of protein required in the diet is dependent upon the 

source or quality of the protein. A family which receives most of its 
protein from cassava or yams will require more than the family whose major 
source is meat or other animal products.  

 
A nutrition variable that aggregates food availability and nutri-

tional requirements over an entire year into one measure will mask 
seasonal differences in food consumption and labor requirements. There 
will be no differentiation between households with a barely adequate food 
supply throughout the year and those with a surplus during the harvest 
period but a severe deficit prior to the harvest. When Grant and Groom 
disaggregated Haitian household food consumption data by season and month, 
they found a significant food deficit during the period preceding the 
harvest. This can have a tremendous negative effect on nutritionally 
vulnerable members of the family, especially weaning children and pregnant 
or lactating women.  

 
The Family System in Farming System Task Force (1983) has suggested 

that a measure of change in the most limiting resource might be used along 
with increased agricultural productivity to evaluate the success of a 
farming systems project. Limiting resources might include:  
 

The amount of food stored in the household, the compound, or  
fields during the most critical period prior to harvest of  
the new crop;  
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Income or liquid assets such as animals; or  
 
The amount of food used in the household relative to the needs 
of the household.  
 
Income accruing primarily to the men may or may not be used 
for the benefit of the entire family. However, when the 
increased income generated by improved farming practices is 
controlled, in part, by the women, it is likely to be used for 
food or household expenditures.  

 
How then can changes affecting nutritional status be included in a 

farming systems project? Factors which increase the risk of under-
nutrition should be considered throughout the project, beginning with the 
design phase. Team members conducting sondeos, reconnaissance surveys or 
recommendation domain studies can identify factors which indicate a high 
probability that someone in a household has, or will develop, a 
nutritional problem. These nutritional risk factors vary by country or 
even by region within a country but generally include income, land 
holdings, animal and crop production and socio-economic status. Female 
headed households are more likely to have limited resources and greater 
risk of nutritional problems than male headed households. Existing 
undernutrition or risk of undernutrition might be one factor used to 
identify recommendation domains.  

 
Time use can be related to a nutritional problem. Undernourished 

individuals may use what energy they have for agricultural production or 
income generation and spend their leisure time resting and conserving 
energy rather than participating in social or community activities. Time 
that both male and female farmers spend in agriculture activities, leisure 
activities, or lose due to illness can be determined through observation 
or direct questioning.  

 
Productivity of the farmer in relation to his or her nutritional 

status can be ascertained by comparing human agricultural productivity 
with food consumption. Does the food he or she consumes contain enough 
calories, protein and other nutrients to allow the individual to perform 
all the needed tasks efficiently?  

 
Intrahousehold food consumption relative to nutritional needs will 

help determine if all family members are receiving food proportional to 
their needs. Food consumption data obtained during the initial assessment 
period can be used to determine change in food consumption relative to 
nutrient needs during the evaluation period. However, the collection of 
reliable individual food consumption data requires well trained personnel, 
so many studies substitute household food consumption data, which are much 
easier to collect. Average daily food Intake for the entire family can be 
compared to total household requirements for calories, protein, vitamin A 
or other nutrients to determine what nutrients, if any, are deficient in 
the family's diet.  
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Household level variables assume food consumption proportional to 
nutritional needs. They do not differentiate between households in which 
all members are consuming at, or slightly below, their requirements and 
households in which some members are consuming more than their needs while 
others are consuming far less. Because of seasonal changes in food 
availability both individual and household food consumption studies must 
be repeated during several stages of the food production and consumption 
cycles.  

 
As Pinstrup-Anderson (1983) has suggested, perhaps the most 

important limiting resource in agricultural development is the human 
resource. An increase in the productivity of the farmer will lead to an 
increase in agricultural productivity and an improvement of family 
wellbeing.  

 
Growth of preschool children in the family can also be used to 

evaluate the availability of sufficient food. Children's growth is an 
indicator of biological utilization of foods consumed. Low weight for age 
indicates recent or current undernutrition, while low height for age 
suggests chronic or long-term undernutrition. FSR/E teams usually lack the 
resources to weigh and measure children. However, the Ministry of Health 
in most developing countries will be aware of nutritional problems and may 
be willing to cooperate with the research by allowing a nutrition team 
from the Ministry or local health care workers to weigh and measure the 
children.  

 
As more Farming Systems Research and Extension projects are imple-

mented, we need to continue to develop variables that can be used to 
measure the success of specific technologies and to compare results among 
technologies. Because of the interdisciplinary nature of farming systems 
research, criteria used to measure change must be understood and 
acceptable to all of the disciplines involved. This is not an easy task, 
given our territorial proclivities. We all want to protect and defend our 
own turf.  

 
Perhaps the greatest contribution nutritionists can make to Farming 

Systems Research and Extension will be to work with FSR/E teams to develop 
a reliable indicator, easy to apply, that will measure changes in the 
farming system due to new technology. This will enable us to determine 
that the new technology we introduce does indeed have a positive effect on 
the wellbeing of the farm family.  
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THE IMPACT OF WAGE LABOR AND MIGRATION ON LIVESTOCK AND CROP PRODUCTION IN 
AFRICAN FARMING SYSTEMS  

 
Carol Kerven  

 
INTRODUCTION  
 

In many rural societies of Africa, migration for wage employment has 
long been integral to the domestic economies of farming families. An 
abundance of research attests to the prevalence of outmigration in 
widespread regions of Africa, and many case studies have reported on the 
impacts of migration upon rural production (for reviews of the literature, 
see Adepoju, 1979; Byerlee, 1972; Connell et al., 1976; Gerold-Scheepers 
and van Binsbergen, 1978; Swindell, 1979; van Binsbergen and Meilink, 
1978). Yet despite evidence that crop and livestock systems may be 
transformed through the process of outmigration, this issue has largely 
been overlooked in agricultural research -a pattern perpetuated within 
Farming Systems Research [FSR] (Eicher and Baker, 1982). As has been noted 
in a major contribution to FSR, "Until recently, it was assumed in the 
literature (on agriculture) that farmers engaged in tropical agriculture 
were, or aspired to be full-time farmers" (Norman et al., 1982). Despite 
the holistic framework espoused within many FSR models, it seems that 
there ir still a pervasive bias focusing on the on-farm economies of farm 
families. The off-farm sphere is typically relegated to a residual 
category, receiving little or no attention -implicitly justified along the 
lines of "those who are interested in FSR/E are predominately interested 
in agriculture" (Hildebrand, 1982). This may be so, but the clients of FSR 
frequently do not share this view; they are, on the contrary, interested 
in making a living, as indeed is emphasized within FSR conceptual models. 
The issue of outmigration from farming communities thus forces us to 
confront an ambiguity between the stated objectives, prescribed methods 
and actual practice of FSR. This ambiguity is essentially that in order to 
understand crop and livestock systems we must look beyond these systems to 
the choices facing rural inhabitants, which increasingly include wage 
employment and migration.  

 
This paper discusses some of the implications of outmigration for 

rural production systems in Africa, beginning with an overview of major 
issues. This is followed by a review of selected examples in different 
regions in Africa which illustrate the variety of interactions between 
crop production, livestock systems and outmigration. It is the contention 
of this paper that migration affects many of the variables central to an 
FSR agenda. These include: farm family decision-making and allocation of 
resources, the opportunity cost of family labor, returns to labor and 
agricultural labor patterns, constraints to  
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production, sources and changes in family income and investment, 
willingness and ability of farmers to adopt innovations, management 
capacity and lastly, the relative attractiveness of crop versus live-stock 
enterprises. Empirical studies in Africa indicate that outmigration has 
repercussions on each of these variables and has precipitated fundamental 
shifts in production goals, methods and output. The study of farming 
systems will remain incomplete unless the nature of these shifts is better 
understood.  
 
RURAL OUTMIGRATION, AGRICULTURAL DEVELOPMENT AND FSR : AN OVERVIEW  
 
Extent of Migration and Wage Employment in Africa's Rural Areas  
 

The farmers and pastoralists of Africa have frequently had 
experience with wage employment, whether as seasonal migrants, long-term 
migrants or working locally (Swindell, 1979). In some regions, large 
segments of the adult rural labor force may be absent at any one time, 
following a pattern that has prevailed for several generations - notably, 
in the Sahelian region (Amin, 1974; Colvin et al., 1981; Kuper, 1965), 
Central and Southern Africa (Bohning, 1981; Palmer and Parsons, 1977; 
Parkin, 1975).  

 
Patterns of migration take several forms arid vary within different 

regions of Africa. Most migration studies in Africa have reported on 
rural-urban longer term migration, though intra-rural seasonal migration 
is more prevalent (Adepoju, 1979). Migrants frequently circulate back and 
forth between sending and receiving areas, and the overall rates of 
migration are therefore hard to measure (Yap, 1977). However, an estimate 
of net rural outmigration from 1950 to 1980 is indicated by the fact that 
in that period, the proportion of Africa's population living in non-rural 
areas has doubled -from 15% in 1950 to 29% in 1980 (Rogers, 1982, based on 
United Nations figures using individual country definitions of non-rural, 
usually any locality of more than 2,000 - 5,000 inhabitants). In 1980, 
Africa's rural areas had a population growth rate of 1.9% compared to an 
urban growth rate of 5%, and a recent assessment noted that rural-urban 
migration in less developed countries as a whole showed "no signs of 
abating" (Rogers, 1982; see also Findley, 1977).  

 
The extent to which rural dwellers are involved in non-agricultural 

work is likewise difficult to enumerate, partly due to the lack of 
research attention to this topic (Chuta and Leidholm, 1979; but see 
bibliographies by Meyer and Alicbusan, 1974; Meyer and Grewal, 1983). 
Although there are problems of underestimation and definition, it is 
estimated that at least one-fifth of the rural labor force in West and 
East Africa is primarily engaged in non-farm work, while an additional 
one-fifth may be involved in part-time or seasonal non-farm work in some 
African countries for which data are available (Chuta and Leidholm, 1979). 
These authors comment that "in terms of employment, non-farm activities 
are quantitatively an important component of the rural  
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economy that should not be overlooked in the design of rural development 
policies" (Chuta and Leidholm, 1979). The share of rural family income 
derived from non-farm work is also considerable: for example, non-farm 
income constituted 36% and 28% of rural household income in Sierra Leone 
and Northern Nigeria (Chuta and Leidholm, 1979), 22% among small farm 
units in Malawi (Anderson and Leiserson, 1980), 39% among lower and upper 
middle income rural households in Botsuana (Republic of Botswana, 1976) 
and a "significant share" of total rural household income in Kenya (study 
cited in Meyer and Grewal, 1983). The importance of non-farm work to 
African farm families was demonstrated in the landmark study by Cleave 
(1974); "The non-agricultural activities are found by Cleave to be a 
significant part of total labor requirements (among farming 
households)...too often technical advice...fails because it ignores the 
farmer's viewpoint and takes no account of the opportunity cost of new and 
alternative techniques in terms of the on-going operation of the whole 
farm -with the highly balanced timing and differing opportunity cost of 
nonagricultural as well as agricultural labor activities" (Waters, 1975).  
 
The Role of Agricultural Development  
 

The accelerating trend of rural outmigration combined with a decline 
in the proportion of labor force members engaged in agriculture is a 
subject of concern to many Third World governments. Between 1950 and 1970, 
the growth rate of the agricultural labor force in Africa declined 
relative to the rural non-agricultural and urban labor force (Anderson and 
Leiserson, 1980). Governments are confronted with rising demands for food 
to feed growing urban and non-agricultural populations, balance of trade 
deficits due to increased food importation, and declines in agricultural 
exports (Rhoda, 1979; Findley, 1977). The consequences in terms of urban 
unemployment and pressure on urban services are severe.  

 
In response, many Third World governments have initiated policies 

designed to stem the flow of rural outmigration, with agricultural 
development programs expected to play a crucial role in this direction 
(Rhoda, 1979; Whyte, 1981).1 This anticipation was based on the  
 

 
 
 
 
 
 

                                                                           
1For example, the Botswana Government views the rate of rural-urban 

migration in Botswana as one of the main issues to be redressed by 
development in the arable farming sector; the most recent National 
Development Plan states that "improved agricultural productivity" is 
intended to "raise arable incomes" to "create employment in the lands 
areas to absorb rural underemployment and reduce rural-urban drift", while 
the other goal is "to increase production to achieve sustained self-
sufficiency in basic grains...plus export surpluses" (Republic of 
Botswana, 1980). As will be discussed in Case Study No. 5 of this paper, 
research projects in arable agriculture in fact pay little attention to 
the potential for reducing rural-urban migration in Botswana.  
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assumption that migration is primarily determined by rural-urban income 
differentials, following Todaro's influential model of rural-urban 
migration in less developed countries (1969; Todaro, 1980). Thus, it has 
been assumed by Third World Governments and donor agencies that 
agricultural development would raise rural productivity and therefore 
rural incomes to the point where the main impetus for outmigration would 
cease -an assumption that remains unproven, according to Rhoda (1979). 
Likewise, agricultural development would resolve the food deficit and 
balance of trade problems by increasing production of food within 
developing countries, provided that rural farmers could be persuaded to 
remain in production. However, an extensive review of the literature 
concludes that some types of agricultural programs may actually increase 
the propensity for rural farming people to migrate away and suggests that 
in the future such programs investigate in greater depth the relationships 
between outmigration and agriculture (Rhoda, 1979).  
 

In addition to the impacts of outmigration upon crop and livestock 
systems, induced changes. in these systems brought about through 
agricultural programs may in turn stimulate further outmigration. This 
occurred for example in Ethiopia, where a crop technology package 
resulting in higher wheat yields was so successful that large land owners 
dispossessed tenant farmers who had adopted the new technology -thus 
causing outmigration (Whyte, 1981). The interactions between agricultural 
productivity and outmigration are clearly dynamic and complex and cannot 
be ignored if agricultural development is to fulfill its expected role of 
raising rural people's incomes overall and increasing total agricultural 
output - goals which may conflict in some cases.  

 
FSR projects aim to introduce changes in farming systems which are 

acceptable and beneficial to farm families or households. FSR is therefore 
concerned with how these units function, their choices, objectives, and 
capacities for changing their production systems. Outmigration of farm 
family members affects the functioning of all farmers' capacity for 
adopting changes in the farming system and may result in changes favorable 
or detrimental to agricultural production. Therefore, migration is 
relevant to several basic precepts of an FSR perspective, including: i) 
the focus on farm families or households, which are ascribed the "pivotal 
role" within farming systems (Norman et al., 1982); ii) the determination 
of the farm family's goals, priorities, and motivations, which are 
accorded a crucial position in understanding the farming system 
(Collinson, 1982; Norman et al., 1982; Shaner et al., 1982); iii) the 
study of how farm families make decisions about allocating the resources 
of labor, capital, land and management under their control (CIMMYT, 1980; 
Gilbert et al., 1980); ; iv) the FSR goal of improving farm family welfare 
or farm productivity - the literature suggests considerable ambiguity as 
to which of these goals FSR aims to achieve.  
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Farming Households. Families and Migrants  
 

The constitution and functions of farm families or households is a 
logically prior issue to the study of their goals, allocative procedures 
and increases in welfare or productivity. FSR expositions typically do not 
specify precisely what is meant by the "family" or "household" (the terms 
are often used interchangeably, as in Norman et al., 1982), although this 
unit features prominently as the methodological lynchpin of FSR. The 
question of what social group is the most appropriate unit of analysis for 
agricultural research is a vexed one. Eicher and Baker point out that this 
question has been the subject of debate within franchophone African 
studies, in contrast to anglophone agricultural researchers who generally 
assume that the "household", defined as those "who eat from the same pot" 
is the appropriate unit of analysis (Eicher and Baker, 1982). Apart from 
the fact that such a definition is limited to a group's food consumption 
patterns, and that only partially, since in rural society people may eat 
from different pots at different times and places, such a narrow 
delineation of instrumental groups preempts the study of which people 
actually participate in organizing production, decision-making, generating 
and sharing income, and accumulating wealth. As Guyer has indicated in her 
discussion of how the concept of household has evolved in African studies, 
rural agricultural societies are not simply composed of congeries of 
households; however, she notes with reference to economists working in 
Africa, "If the approach to understanding patterns of behavior is via 
decision-making, then it becomes critical to define the units in some kind 
of unambiguous way which can be modeled statistically. The household lends 
itself to this: it apparently has a locus, resources, and a labor 
force..." (Guyer, 1981). But this model may be very misleading for a 
number of reasons, including the fact that "although the house and farm 
just sit there to be visited and counted, people come and go” (Guyer, 
1981).  

 
One can infer from some standard FSR works that the farm household 

is conceived of as the minimal social unit which controls and allocates 
the factors of production for the purpose of achieving particular ends, 
and is the unit primarily affected by the consequences of these decisions. 
Its members are both producers and consumers in that they contribute to 
the unit's means of livelihood and are sustained by the unit (Gilbert et 
al., 1980; Norman and Gilbert, 1981). Although this formulation stresses 
the functional rather than residential structure of a household, other FSR 
definitions include co-residence as an attributes of households; as for 
example in Shaner et al. (1982), which posits a congruence between 
"normal" Co-residence, consumption, production and division of duties.  

 
The intended distinction, if any, between family and household is 

unclear in FSR definitions; e.g. "The household comprises the farmer and 
other members of the family" according to Shaner et al., (1982, emphasis 
added), and the discussion on decision-making in their guide to FSR refers 
mainly to the family (1982). Is this just a semantic quibble or does this 
ambiguity reflect a deeper problem? Should co-residence be a  
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precondition for family or household membership within the context of FSR 
field studies? These are questions raised by the phenomenon of 
outmigration from farming societies. If there are family members absent 
from the household who otherwise fulfill all the functional criteria for 
membership apart from normal co-residence, is it legitimate to exclude 
these absentees from the scope of research, as is in fact usually occurs 
in FSR field studies? For migrants from farming families represent part of 
the family's resources of labor and management, migrants frequently 
contribute to the farm family's means of livelihood, consume a portion of 
the farm output, participate in and are affected by family decisions. 
Their activities as migrants are partly geared towards meeting family 
objectives, and they usually engage in agricultural tasks at some point in 
their lives, whether before migrating, intermittently during their migrant 
careers or when they return permanently to the family farm. For these 
reasons in addition to affective ties, migrants are usually regarded as 
part of the family by its members - although it should be noted that 
migrants are sometimes "lost" to the rural family in cases where they 
permanently settle elsewhere and break off contact with their rural 
family. The evidence from African research is, however, that significant 
social and economic linkages are most of ten maintained between migrants 
and their rural families (van Binsbergen and Meilink, 1978; Rempel and 
Lobdell, 1978). In many essential ways, migrants may therefore be 
considered as farm family members, even if they are not, by virtue of 
their absence, continual household members.  
 
Farmers’ Goals and Objectives: The Role of Migration  
 

A generally-accepted precept within the FSR literature is that farm 
families have diverse goals which shape their decisions and allocation of 
resources with regard to three major economic activities; crop, livestock, 
and off-farm enterprises (CIMMYT, 1980; Gilbert et al., 1980; Shaner et 
al., 1982). FSR practitioners distinguish FSR from the more traditional 
"top down" approach by stressing the practical benefits of beginning from 
the client's objectives and goals (Collinson, 1982; Hildebrand, 1981; 
Norman et al., 1982). Research attention is however generally restricted 
to the first two on-farm activities; for example, in Shaner et al.'s 
extensive guidelines to implementing FSR, there is no discussion of why or 
how farm families might choose to allocate some of their labor to wage 
labor migration, or what the consequences of such decisions might be upon 
the farming system (Shaner et al., 1982). The neglect of off-farm 
employment, including migration, is explicitly mentioned in Norman et 
al.'s major work on Northern Nigerian farming systems (1982). The authors 
of this work remark on the extent and potential implications of off-farm 
work, though much of their data is drawn from another study conducted at a 
different time period. In another example, it is clear that farmers' goals 
and objectives are presumed by FSR studies to be limited to the farm. The 
report on a CIMMYT -sponsored FSR research project in Zambia begins a 
chapter headed "Farmer's Objectives, Priorities and Resource Endowments" 
with the statement; "Farmers’ objectives and priorities are manifested in  
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what they do on their farms" (CIMMYT, 1978), although the same report 
notes elsewhere that among the sampled farm families, 57% had one or more 
"members of the household working in towns...” comprising approximately 
30% of the total adult labor force within the sample (CIMMYT, 1978). A 
quarter of the sampled farm families received remittances from these 
absent members, but no further information is given on migrants' incomes, 
why these people are absent or the effects of their absence on the farming 
system.  
 

That the process of labor migration is vital to understanding the 
conditions of farming in Zambia (in this case) was demonstrated more than 
forty years ago in the pioneering work by Richards (1939). She remarked 
that "...many of the food problems of the Bemba are typical of those that 
exist in all such manless areas in Africa" (1939), ascribing the high rate 
of male outmigration (up to 60% of adult males) as due to the inability of 
local agriculture to produce enough cash for people's needs (including 
tax). Male absenteeism further reduced the productivity capacity of 
agriculture, to the point where farmers were barely able to produce enough 
food. The effects of labor migration upon production among other groups in 
Zambia have been reported in a number of studies (including Watson, 1958; 
van Velson, 1959; van Horn, 1977; Muntemba, 1977). For example, a study in 
the same District (Serenje) as the CIMMYT FSR study found that remittances 
from migrants are used by their families to buy farms, purchase implements 
and seeds, hire labor and build up non-agricultural enterprises (cited in 
Rempel and Lobdell, 1978). One can conclude that for the Zambian farmers 
studied in this case (CIMMYT, 1978), what farmers do on their farms also 
includes leaving their farms, and that cash income is one of their 
priorities -however, neither this priority nor its implications for the 
farming system are examined in this FSR study.  
 
Migration and Farm Family Welfare  
 

There appears to be a divergence of opinion within the FSR 
literature as to whether the objective of FSR is to increase farm family 
welfare through overall improvements in the farming system, (the position 
implied in Norman et al., 1982; Norman and Gilbert, 1981) versus a more 
focused and limited attempt to increase the productivity of specific crop 
or livestock enterprises within the farming system of the client group 
(for example, CIMMYT, 1980; Collinson, 1982; Hildebrand, 1981; Zandstra, 
1981). This divergence is discussed by Byerlee et al. (1982). In both 
cases, outmigration will have an effect on whether these FSR goals can be 
achieved, and how increases in welfare or productivity are to be measured 
within FSR projects. If the objective of an FSR project is to increase 
farm family welfare by improving the farming system as a whole, then the 
whole farming system must first be understood. This includes the 
contribution to welfare made by farm family migrants, and the constraints 
to production imposed by outmigration. Welfare is of course a difficult 
concept to specify and measure. However, few would now argue that welfare 
in agricultural  
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societies consists only of meeting food requirements (a point made in the 
seminal discussion of "Z" or non-farm activities, by Hymer and Resnick, 
1969). Most farming societies in Africa operate within a cash market 
economy, in which certain necessary or desired goods and services must be 
paid for in cash -in particular, food to supplement inadequate production 
or to diversify diet; certain inputs necessary for farming or livestock 
enterprises (hired labor being a major item); clothes, housing, consumer 
goods and education.  
 

Not all of these needs and wants can always be paid for out of the 
sale of crops or livestock. Cash must be derived in other ways, the most 
prevalent being off-farm employment including wage labor migration. This 
is indicated by the findings on how migrants' remittances are used by 
their families in rural areas. Various studies in Africa report that such 
cash remittances are mainly for the "purchase of consumption goods to meet 
everyday needs" (Rempel and Lobdell, 1978), and secondly to pay for 
childrens' education (see also Connell et al., 1976). The use of 
remittances to hire labor for crop and livestock tasks has been noted in 
the case of Senegal (cited in Adepoju, 1979), Ghana, Zambia, Liberia and 
Malawi (cited in Rempel and Lobdell, 1978); Nigeria (cited in Connell et 
al., 1976); Lesotho (Murray, 1981) and Mauritania (Dussauze-Ingrand, 
1974). The use of remittances to pay for childrens' education has been 
noted in Kenya and Nigeria (cited in Rempel and Lobdell, 1978). Even where 
migration results in a shortage of labor for production in the sending 
area, remittances may be insufficient to compensate by hiring local labor; 
instead, families of migrants may use their remittances to build houses or 
in other "conspicuous consumption" (Connell et al., 1976; this is reported 
by a study in northern Tanzania). Commenting upon this, Connell et al. 
note that, "Remittances are not just an economic phenomenon...To the 
migrant they may represent his continued stake in the village economy and 
social hierarchy. Both to him and to the wider family unit, they are a 
means by which to enhance standing and prestige in the community" which of 
course may reflect long-term goals of security (noted in the cases of 
Liberia and Mauritania (Connell et al., 1976).  

 
There is ample evidence that through outmigration, farm families 

have been able to satisfy some of their welfare requirements. This implies 
that FSR projects must compare the economic implications of meeting 
welfare needs via on-farm activities, since this is in effect how farm 
families evaluate their alternatives and act accordingly. If farmers are 
to be viewed as rational, then we must assume that migration of some 
family members is usually a rational decision, undertaken for the purpose 
of ensuring or increasing family welfare. In as much as income is a major 
factor of welfare, migrants' families may be seeking either more income or 
a different kind of income (cash), for which there may be an acute demand 
in semi-subsistence economies.  

 
In cases where FSR projects are intended to increase the pro-

ductivity of particular crop or livestock enterprises, (for example, 
research on crops such as maize, wheat, etc.) it may be assumed that  
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off-farm activities are less relevant to the scope of the research. 
However, even within such research efforts, the importance of economic 
analyses in addition to agronomic research is now generally stressed 
(Collinson, 1982; Byerlee et al., 1982). In other words, recommended new 
technologies pertaining to particular crops or livestock species must be 
shown by FSR research to be economically viable and advantageous to 
farmers as well as being biologically optimal (Collinson, 1982).  
 

As has been discussed in this paper, the domestic economies of farm 
families are often not exclusively based on farming or livestock. The 
investigation of whether an innovation is economically acceptable should 
therefore take into account the implications of non-farm activities. For 
example, the opportunity cost of additional family labor required to 
practice an innovation may be very high, if some family members have the 
option of earning wages in employment elsewhere (see Anderson and 
Leiserson, 1980). A striking illustration of the way in which agri-
cultural projects overlook the relationship between technological inno-
vations and off-farm employment is provided in the cace of Plan Puebla -
though not an African example, the point is applicable. At the inception 
of this ambitious project to improve maize productivity among small 
farmers in Mexico, a survey revealed that off-farm income accounted for 
40% of the survey farmers' income, while maize provided only 21% of total 
family income (Whyte, 1981; Redclift, 1983). Redclift remarks that "The 
implications for the plan (to increase maize yields) for labor use were 
also considerable and it became clearer that the opportunity costs of 
participation were considerable...although the new technology 
substantially increased the productivity of the land, it did little to 
increase the productivity of labor. Indeed, the greater expenditure of 
management time, which the new technology implied, meant that the 
participants in the project were less free than nonparticipants to 
supplement their farm income from nonfarm sources" (1983, emphasis added). 
As Whyte concludes, "...the problem of raising family incomes was much 
more than a maize production problem" (1981).  

 
On the other hand, migrants' families may have access to capital 

generated from remittances or from migrants' savings. In some cases, 
migrants' families have spontaneously adopted new forms of agriculture, 
made possible through investments of such capital (for example, cash-
cropping, shifting from crop emphasis to cattle, mechanization, changes in 
cropping systems -cited in Connell et al., 1976, case studies in Libya, 
Malawi, Mauritania, Tanzania: Miracle and Berry, 1970 for case studies in 
West Africa and Zambia). However, investment of migration earnings into 
innovative productive spheres has been the exception rather than the rule, 
and has usually been restricted to better-off families (Lipton, 1980). 
These findings raise the issue of whether technical innovations requiring 
more capital expenditure will be feasible only for wealthier families. The 
economic attractiveness of a particular agricultural innovation may thus 
be affected by alterations in farm family labor and capital resources as a 
result of outmigration. Changes in labor and capital ratios will be 
reflected in farmers’ willingness and ability to adopt innovations. These 
are questions  
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meriting closer study in FSR projects which propose to increase the 
productivity of particular enterprises within the farming system while 
taking into account their economic consequences.  
 
THE INTEGRATION OF AGRICULTURE AND MIGRATION: FIVE CASE STUDIES  
 

The role of migration within farming systems can take several forms 
and serve a variety of functions. Some of these differences are apparent 
in the five examples presented in this section. The first case (Kenya) 
concerns several pastoral groups who have sent out younger men mainly so 
as to earn money which can be invested back into cattle; some pastoral 
groups, however, have begun to settle and farm in the course of migrating 
for wages. The second case (Tunisia) elucidates the process by which the 
proceeds of migration are used by wealthier farmers to intensify 
commercial crop production, and also shows how ethnic diversity is linked 
to different patterns of outmigration. The third case (Lesotho) is an 
example of national dependence upon outmigration and the consequences of 
massive migration upon agricultural production as a whole. The fourth case 
(Upper Volta) also concerns national outmigration on a large scale, and 
serves to point out some issues which need to be considered in the design 
of agricultural development. The last case (Botswana) provides more data 
than previous examples and indicates the differential impact of migration 
upon crop versus livestock farming systems.  

 
Case Study No. 1: Northern Kenya  
 

The first case study deals with outmigration from several pastoral 
societies to a regional town in Northern Kenya, based on the study 
entitled "Savannah Town: Rural Ties and Urban Opportunities in Northern 
Kenya" (Hjort, 1979). There have been remarkably few full-scale studies of 
outmigration from pastoralist societies in Africa, largely due to the 
focus of researchers rather than the infrequency with which this has 
occurred (Dyson-Hudson and Dyson-Hudson, 1980).  

 
Four different groups of pastoralists in Northern Kenya are involved 

in migration to the town of Isiolo; these four are Turkana, Borana, Somali 
and Samburu. "All have in common the fundamental fact that their herds 
have not sufficed for making a living" (Hjort, 1979). Beginning from the 
premise that households have to maintain viability, the author notes that 
"many households must have a high degree of flexibility and combine 
incomes from as many different sources as possible" (1979). The 
pastoralist groups have experienced different pressures leading to 
outmigration, pursue somewhat varied paths of migration and use the income 
from migration in dissimilar ways. Nevertheless, underlying common 
patterns are observed.  

 
The Turkana have been migrating to the town ever since its 

establishment, and many migrants have become settled into the urban  
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economy, breaking ties with their pastoral origins. Turkana outmigration 
was impelled by a series of natural disasters including drought and 
livestock diseases as well as a high human/stock ratio and pressure on 
grazing land. Among the Samburu, guerilla raids as well as drought meant a 
loss of cattle; some Samburu responded by attempting irrigated farming and 
selling milk locally. When this was found to be inadequate, younger men 
started to obtain work with the region and to migrate to Isiolo (Hjort, 
1979).  
 

Differences of tribal organization and values also are reflected in 
various migration patterns. For instance, among the Turkana, individual 
lineages are the primary social grouping, in contrast to the Borana, for 
whom clan membership is paramount. Thus young Turkana men have a great 
incentive to go to town and start their own "line" by becoming 
economically independent; bridewealth among Turkana is also quite high, 
and young men must accumulate capital for this purpose. On the other hand, 
Borana men undertake outmigration for the main purpose of rebuilding their 
family herd. The Borana are thus "target workers", and show little 
interest in taking up farming, which is practiced on the outskirts of the 
town (Hjort, 1979). In their efforts to maintain the viability of family 
herds, Hjort remarks that "Among (Borana) brothers, the choice is often to 
send away one (as a migrant) as an effort in a total fraternal strategy" 
(1979). Clan structure exerts social control on young Borana men and 
extends to urban-based kinsmen, who are able to control access to 
employment through kinship linkages and brokerage. The level of social 
control means that for the Borana, "household members are often sent to 
Isiolo with the explicit intention of earning money" (1979) on their 
father's behalf. In general, for the pastoralists, Hjort concludes that 
"(Wage employment) presents a new opportunity to improve a social position 
by building up large herds and by fulfilling traditional obligations of 
redistribution...the effect of such diversification is a spreading of 
risks. Hence...a pastoral community becomes stratified, depending on a 
degree of access to cash" (1979).  

 
Not all pastoralists return to a life of herding, as previously 

noted. Sedentarization due to wage employment is sometimes associated with 
the adoption of farming, which can be undertaken close to the town (1979). 
While a dependence on herding requires the gradual build-up of a herd 
large enough to sustain human needs, the acquisition of a farm plot is 
more dependent on having a wife to farm; thus younger Turkana pastoralists 
who have migrated to work in Isiolo have often married at an earlier age 
than is customary, and have started to farm as well - as explained by 
Hjort, because reliance solely on wage income is risky (1979).  

 
In conclusion, the author comments that the local pastoral and 

agricultural economies are widely integrated into the regional economy 
represented by the township and its job opportunities. On the other hand, 
those who have migrated to town cannot usually earn sufficient income to 
live on and are thus dependent upon maintaining their ties  
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with their families in the hinterland, from which they will obtain a 
portion of their subsistence requirements. This necessity encourages dual 
participation in both pastoral and urban economies, both on the part of 
rural-based families and their urban kinsmen (Hjort, 1979).  
 
Case Study No. 2: Southern Tunisia  
 

The role of outmigration in an agro-pastoral society is portrayed in 
a study entitled "Nomads, Farmers and Migrant Labor in Tunisia" (Lee, 
1979). The area studied is in the semi-arid zone of Tunisia, (150-200 mm. 
per year average) in which only one or two generations ago the population 
was semi-nomadic, and self-sufficient, depending upon large flocks of 
sheep and goats as well as grains (1979).  

 
The current system of production is based on a mixture of small 

stock rearing, barley and wheat farming, and olive oil production; in 
addition, "migration (is) a strategy to produce cash needed for survival 
while a portion of the community remains behind" (1979) and "when the men 
are not involved in agricultural activities they are usually involved in a 
wage earning sector which will provide cash for family needs" (1979). 
Individual households depend on different combinations of cereal, olives, 
livestock and migrant labor. The differences are a function of several 
factors, including membership in particular ethnic groups within the 
community, family structure, access to land, length of residence in the 
community and family objectives. Thus members of a tribe which was first 
established in the village have had more time to develop their olive tree 
groves and have ceased to rely greatly on livestock; this tribe has 
achieved a certain degree of political power and through political 
"brokers" has obtained access to a migrant recruitment network. They are 
therefore heavily involved in both commercial olive oil production and 
migrant labor. In contrast, another tribal group in the community still 
relies on livestock income and is semi-nomadic; their olive trees are not 
yet fully productive and their men migrate away less frequently, being 
needed for shepherding (1979).  

 
Crosscutting these tribal variations are the limitations and oppor-

tunities arising out of individual family structure; smaller nuclear 
families with only one adult male are less able to take advantage of wage 
work outside the community (1979). The community is further segmented 
according to wealth, which is measured by size of land holding; land 
availability together with family male labor is the indicator of a 
family's overall economic potential and will determine to some extent the 
type of strategy pursued. Size of land holding may be a dependent 
variable, however, since it appears to be associated with family size and 
membership in particular tribal groups  

 
Outmigration is extensive; about 58% of adult men aged between 15 

and 60 migrate either seasonally to local towns or for periods of several 
years to Libya. Most men leave after plowing and the olive harvest, 
returning several months later in time for the grain harvest. Migration is 
closely tied to the sexual division of labor in that women  
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do not participate in plowing or livestock activities, and consequently 
men are needed during much of the annual cycle. Families which contain 
more than one adult male can therefore diversify to a greater extent and 
obtain a higher level of income. Outmigration is necessary for most 
families, however, since neither large nor small land owners can produce 
enough grain to "insure family maintenance from year to year" (1979). 
"Migration, then, is not a total elimination of risks, but only the best 
alternatives...available to the people to ensure economic survival" 
(1979). However, migration fulfills different needs among different 
families. Among smaller nuclear families with little land, supple-
mentation of income by migrants' cash earnings on a short-term 
intermittent basis is predominant. Larger families with a higher local 
income send men away for longer periods of time (often to Libya where 
wages are higher), the men's absence in production being missed less.  
 

The differences in family resource patterns and cash needs are 
reflected in the uses to which migrants' earnings are put. As Lee points 
out, "a change in the allocation of time and resources in the local 
economy has begun to change the productive capacity" (1979). The principal 
use of migrants' earnings is for buying food for families, paying for 
tractor services and purchase of consumer goods; house building is also 
significant (1979). But among the larger land-owners, wage earnings are 
also invested into olive groves and the purchase of more land, 
representing a growing economic differentiation among families and a 
tendency for larger farmers to become more commercial (1979). Sons of the 
larger farmers are often better-educated and can obtain higher-paying wage 
work outside the community; the money which they save is then used back 
home to hire tractors needed to till the olive groves, for land purchases, 
and for hired labor to replace the absent sons. Since wages are higher 
outside the community, the use of migrants' earnings to hire local labor 
is more efficient. Migrants' earnings are not invested into livestock, 
which have a low market price and are less valued as a source of status 
than in former times (1979). However, some tribal groups with access to 
more land keep bigger flocks, which can be partially fed from the residue 
derived from pressing olives. Therefore increased olive production made 
possible through cash investments also leads to larger livestock herds, in 
some cases.  

 
In conclusion, wage-earning migrants form a vital part of the 

farming system in this case; as seasonal migrants, they continue to be 
involved in agricultural decisions and return home monthly to help out in 
agricultural tasks (1979); they retain their links to the land and to 
their families (1979); their income makes an important and significant 
contribution to basic family food needs and for wealthier families, 
permits expansion into commercial agriculture. Lee remarks that "The 
traditional ways of exploiting the land...are no longer viable and new 
economic strategies must be found. Migration is one such strategy and it 
affects different families in different ways" (1979). In the longer term, 
the author anticipates that outmigration will reinforce a deeper level of 
economic stratification, as formal education of the younger generation 
opens up further wage employment opportunities which can be  
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utilized by those farmers who already have access to greater local 
resources (1979). The scope of this study demonstrates that analysis of 
farming systems should include social units beyond the household -it has 
been shown that membership in different tribal groupings determines to a 
considerable degree the type of agricultural strategy pursued and the 
economic potential of different activities. Finally, the study de-scribes 
in more detail than can be presented here how the local system of 
production is changed as a result of outmigration; for example, the 
increasing dependence on tractors to replace absent men, which in turn 
releases more men who can then migrate away.  
 
Case Study No. 3: Lesotho  
 

Lesotho presents one of the most dramatic and well-documented cases 
in Africa of how wage labor migration has become fully incorporated into 
the rural economy and system of production, as described in Murray's work, 
"Families Divided: the Impact of Migrant Labour in Lesotho" (1981). A 
capsule history of agriculture in Lesotho begins in the late nineteenth 
century, following the consolidation of the Basotho nation into a country. 
European settlement in the surrounding region initially prompted a 
"widespread and vigorous response by [Basotho] to new market 
opportunities" as the Basotho "bought ploughs, planted assiduously and 
sold the grain to meet the needs of the distant mining camps" (Murray, 
1981). Soon thereafter, demand for labor at these mining towns combined 
with local inflation encouraged Basotho men to begin migrating away from 
the country. Near the turn of the century, pressure from white farmers 
brought about restrictions on the sale of Basotho grain while drought and 
other natural disasters caused further reduction in grain exports. Male 
outmigration to the mines accelerated. Despite a second surge in grain and 
wool exports following World War One and high prices, the slump of 1929 
together with a severe drought dealt a great blow to Basotho livestock 
holdings and grain production. Meanwhile, increases in gold prices 
stimulated demand for African labor at the mines, to which Basotho men 
responded. By the 1930's, Lesotho had begun to import large quantities of 
maize; a dependence which has continued and increased up to the present 
time (Murray, 1981). Lesotho had evolved from "a granary to labour 
reserve" (Murray, 1981).  

 
During this century, population pressure on land has increased 

markedly, more land area has been brought under cultivation and 
productivity in terms of output per ha. has declined (Murray, 1981). There 
are now an estimated 275 persons per km2 of available arable land (Murray, 
1981). It is widely recognized that the vast bulk of rural farm families 
are unable to produce sufficiently to feed themselves (Cobbe, 1982; 
Murray, 1981, passim; Low and Fowler, n.d.). This is hardly surprising 
when it is considered that the average size of land holding is less than 2 
ha. and that the usable land is severely eroded - due to pressure and the 
mountainous terrain (Cobbe, 1982). This lack of agricultural self-
sufficiency is evident in the fact that only about 6% of mean rural 
household income is obtained from crop production and 11% from livestock 
production (Murray, 1981). The average income for rural  
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households without migrants in 1980 is given as 40% of the Poverty Datum 
Line (Cobbe, 1982). At any one time, nearly two-thirds of rural households 
will contain at least one migrant worker employed outside (Murray, 1981). 
Overall income from migrant labor provides 70% of mean rural household 
income; however, the proportions of income derived from crops, livestock 
and migrant labor vary widely, depending on household size, composition, 
family life cycle and the resources available to  
families (Murray, 1981). Thus larger households with more adult men can 
potentially generate more migrant income while older household heads are 
more likely to have acquired farming land and cattle.  
 

Currently, an estimated 160,000 members of Lesotho's labor force are 
absent in South Africa, which is about one quarter of the national labor 
force (Cobbe, 1982). In the mid 1970's, approximately 44% of adult men 
aged 20-59 were absent from the country, almost all of whom were working, 
either legally or not, in South Africa (Murray, 1981). The consequences of 
this massive rate of outmigration for the organization and output of 
agricultural production cannot be overemphasized. Most men work on 
contract at the mines, for an average of 13-16 years in their lives, 
returning home every year for periods of rest between contracts. As Cobbe 
remarks, "there is at most times a scarcity of adult able-bodied males in 
rural areas, and many of those present regard themselves as 'resting' 
between contracts and are not very interested in direct participation in 
agriculture" (1982).  

 
The implications of outmigration for agricultural production are 

discussed at some length in Murray's work. To begin with, it is stressed 
that far from migration "supplementing" agriculture, successful farming is 
dependent upon receipt of migrant's income and "migrant wage-earning 
capacity, rather than farm income, must be viewed as the independent 
variable in assessing the manner in which individual households dispose 
their resources" (Murray, 1981). Farmers rarely possess all the resources 
necessary for production, such as ploughs, draught oxen and labor. Two 
surveys in Northern and Southern Lesotho reveal that between three-
quarters to three-fifths of land-holders did not own ploughs; while 
between four-fifths and two-thirds did not own oxen (cited in Cobbe, 
1982). The shortage of labor is self-evident, and is noted by Murray's 
study in one area, where 63% of households had no adult male present at 
the plowing time, the peak labor demand (1981). Farmers obtain the 
required inputs by a variety of methods, most of which involve cash 
payments -that is, by hiring draught oxen, labor or contract teams to 
undertake the plowing operation (Murray, 1981, also shown in Cobbe, 1982).  

 
Murray remarks that "successful farming therefore requires in-

vestments which are expensive in terms of cash, labour time and social 
organization" (1981). These investments are critical to production, and 
are obtained from migrants' earnings. However, Murray notes, "rising 
industrial wage levels in South Africa have contradictory implications... 
On the one hand, they have greatly enhanced most households' capacity to 
invest in agriculture. On the other hand, they have greatly  
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increased its opportunity cost. Thus one effect of recent substantial wage 
increases [in South African mining industry] is to expose the relative 
futility of engaging in agriculture at all, at a point where migrants find 
it more sensible to buy food directly than to undertake the uncertain 
effort of growing it at home" (1981). A further relationship between 
production and migration is described by Cobbe, and is that migrants' 
families may continue to farm even though the operation is deficit-
financed (inputs are greater than the value of output). The reason is that 
under land tenure laws, arising out of land pressure, land which is not 
farmed for several years may be confiscated by local authorities and 
allocated to another family (1982). Migrants, however, need to retain 
their access to land for the time when they "retire" from their migrant 
careers.  
 

Cattle are essential to Basotho domestic economies; they provide 
draft power, milk, are a source of capital and are demanded for 
bridewealth. Yet half of all rural households do not own cattle, and the 
majority of those that do have small herds of less than 10 (Murray, 1981). 
Cattle ownership is very unevenly distributed, with 10% of households 
owning 60% of all cattle. The desire to purchase cattle in order to be 
self-sufficient and to pay bridewealth is an important factor in male 
migration, particularly acute since the price of cattle relative to South 
African wages has increased sharply (Murray, 1981). As Cobbe notes, 
"building up a herd can be a very important part of a migrant's strategies 
for converting migrant earnings into a rural situation which is also 
productive"(1982).  

 
Clearly, the micro-economics of farming in Lesotho make very little 

sense unless the role of outmigration is taken into account. The 
implications for agricultural development are numerous and complex; some 
are discussed in Cobbe (1982). Several crucial points may be summarized 
here: The Lesotho Government objectives towards agriculture are manifold 
but not dissimilar to a number of other Third World countries facing the 
same dilemmas. They include national food self-sufficiency, increased 
productivity and incomes from agriculture, (particularly for the most 
disadvantaged rural poor), and social equity. Many of these goals would be 
familiar to FSR practitioners. However, the factor of outmigration 
strongly suggests that these goals may conflict with each other; "Food 
grain production as a full-time occupation is competitive with migration 
to work in South Africa only at levels of capitalization and land holdings 
that are feasible for very few rural households" under present conditions 
(Cobbe, 1982). In other words, the option of outmigration at relatively 
high income returns compared with what could be expected from agriculture 
without massive changes in scale imply that few farmers would benefit from 
increased crop or livestock productivity per se. This may be observed by 
the fact that although items of agricultural technology such as planters, 
harrows, and cultivators are available and cost less than a month's wages 
for a migrant, few farm families have purchased these items, which 
according to Cobbe, "says  
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more about the distribution of land and the perceived returns to 
investment in arable agriculture than about the availability of finance 
for investment" (1982).  
 

In conclusion, it can be said that agricultural decline and 
stagnation in Lesotho bears a direct relationship to the deteriorating 
terms of trade between local production versus employment wages. This has 
raised the opportunity cost of male labor to the point where participation 
in subsistence agriculture is a residual activity, often undertaken at a 
loss, but still necessary for the partial support of migrants’ families 
and for migrants themselves upon their return.  

 
Case Study No. 4: Upper Volta  

 
There is an extensive literature on the subject of migration from 

Upper Volta to other West African countries (e.g. as reviewed in Finnegan, 
1980). This brief summary touches on some of the principal findings of the 
body of research which dates from the mid 1950's. Migration of Mossi men 
and later their wives and families to the Ivory Coast and Ghana has been 
massive; since independence in Upper Volta, internal rural-urban migration 
has become an additional flow of labor away from the rural production 
zones (Gregory, 1974). Recent and reliable figures are not easily 
obtained, but studies in the early 1970's suggested that up to half a 
million Voltaics may have been involved in migration to the south, while 
almost one quarter of the population aged above 14 years were estimated to 
have been absent from their homes at that time (Songre, 1973). In 1973, 
national surveys revealed that 45% of men aged between 15 and 39 years 
were absent, being involved in migration (Delgado, 1978). Earlier studies 
described most migrants as seasonal, being young men who left their family 
farms during agricultural slack periods to seek wage employment in the 
plantations outside the country (Finnegan, 1980). The seasonality of 
migration was undoubtedly overestimated by earlier researchers, who thus 
overestimated the beneficial and complementary aspects of Mossi migration 
(Finnegan, 1980). More than half of the international migrants stayed away 
for more than six months (Songre, 1973; Finnegan also describes the long-
term nature of much international migration from Upper Volta, 1980).  

 
Mossi men migrated mainly in order to obtain money, as stated by 

Songre: "The potential benefits [of migration] are primarily financial: 
the earnings from a job will enable [the migrant] to cover his own social 
and financial needs and, furthermore, to maintain any members of his 
family he has left behind, so that they can pay their taxes and living 
expenses generally" (1973). Migrants' remittances were found to be 
"directly used for immediate consumption and not for savings or 
investment" (Songre, 1973). This is also confirmed by Delgado (1978), who 
finds cash income from migrants being spent on consumer durables and 
"necessary outlays" such as clothing, medicine and taxes. Citing the  
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"definitive" French study of Mossi migration patterns (Delgado, 1978), it 
is found that one third of all rural household cash income was derived 
from migrants' earnings (Delgado, 1978).  
 

The system of labor emigration from Upper Volta has been 
characterized in strong terms by Songre, at the time a regional labor 
inspector in Upper Volta: "Since colonial times...Upper Volta has been 
reduced to playing the part of a supplier of labour for the development of 
countries along the Gulf of Guinea...It is consequently a perfect example 
of an outback territory that never benefitted in any way from colonial 
development; on the other hand, with its plentiful supply of labour, it 
has provided the primary economies of the coastal areas...with a fair 
proportion of their labour force...[and] paid the price in terms of 
prolonged economic stagnation..." (Songre, 1973).  

 
The effects of outmigration upon the structure and output of 

agriculture in Upper Volta have often been stated as detrimental (e.g. 
Gregory, 1974; Songre, 1973). Researchers point out the loss of labor 
resulting from such high rates of outmigration, which has not, it is 
argued, been compensated for through productive investments of migrants' 
earnings. This point is implied in Delgado's discussion of "discretionary 
purchasing power" in the form of surplus cash, which "could have been 
invested, in theory at least" into cattle or crops rather than, as has 
been the case, into consumption (Delgado, 1978). The fact that such so-
called surplus cash is not invested into livestock or crop enterprises, 
however, raises an interesting question about farmers' perceived returns 
to capital in a mixed economy.  

 
Perhaps even more interesting is the question of how outmigration 

has raised the opportunity cost of family labor. It is remarkable, 
therefore, that Delgado's detailed study of resource allocation between 
crop and livestock enterprises fails to examine the impact of labor 
migration upon local farming; in fact, it even excludes men absent for 
more than three months from the study altogether (Delgado, 1978). The 
hypothesis guiding his study would seem to have direct relevance to the 
issue of outmigration, in that the study dealt with "the high opportunity 
cost of labor at certain peak periods" which, combined with other factors, 
may have discouraged Mossi farmers from making greater use of cattle for 
draft and income purposes (Delgado, 1978). Greater utilization of cattle 
for draft power has in fact been an idea long favored by development 
planners in Upper Volta since the 1950's (Delgado, 1978). During the 
1970's projects using animal traction on family farms received much 
encouragement from donor agencies, and several large studies were 
conducted on the feasibility of animal traction (Barrett et al., 1982). 
The failure of animal traction projects in the 1960’s had been attributed 
to the critical labor shortage and the uneconomic returns to farmers using 
animal traction in experiments...one solution suggested was to encourage 
cash cropping (cotton in particular) which would yield greater profits 
(Delgado, 1978). However, cotton projects introduced in the 1930's by the 
French administration had also  
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"foundered on a lack of manpower because the cotton growing season extends 
past the millet harvest, when seasonal migrants were away" (Finnegan, 
1980).  
 

Coming back to the late 1970’s, we see that animal traction projects 
are still not cost-effective to the majority of farmers, at least in the 
short-to-medium term (Barrett et al., 1982). Adoption of the traction 
system (ANTRAC) requires capital investment, and the researchers conclude 
that the technical package is only suited to "economically diversified 
households who have easy access to cash" (Barrett et al., 1982). Moreover, 
the annual cash flow requirements of the technical package had to be met 
from non-farm income sources (1982). One of the solutions proposed by the 
researchers, so as to increase the economic viability of the traction 
scheme, is to develop a cash crop -cotton is specifically mentioned -which 
would hypothetically recoup some of the costs of adopting animal traction 
(1982). However, nowhere in this entire study of costs and benefits 
involved in adopting ANTRAC is the subject of labor constraints and labor 
opportunity costs due to outmigration ever discussed. Nevertheless the 
study repeatedly mentions the contributions to income provided by "off-
farm" sources (usually noted as 'other'), and as has been shown, indicates 
that these sources of income are essential sources of capital to farmers 
participating in the project. It would seem that the lessons learned by 
the French in the 1930's have not yet been assimilated, and that rather 
than ascribing failure to the "learning period" of farmers, (Barrett et 
al., 1982), the "learning period" of research might be questioned.  

 
Case Study No. 5: Botswana  

 
The summary presented here is based on the recent publication of 

results from a national study of migration in Botswana.2 This study 
consisted of a national sample survey of rural and urban dwelling units, 
interviewed in four seasonal stages (Republic of Botswana, 1982). Further 
data and analysis on some of the points discussed here can be found in 
Kerven (1982; 1983). The intention here is to highlight some relationships 
observed between outmigration and the organization of crop and livestock 
production in Botswana.  

 
Botswana's population is highly mobile, moving between villages and 

agricultural zones on a seasonal basis, between rural areas and towns for 
longer periods, between rural areas and the South African mines and  

 
 
 
 
 
 

                                                                           
2The National Migration Study was financed by the United States 

Agency for International Development and the Botswana Government. The 
survey was based on a sample of approximately 3½% of all dwelling units, 
rural and urban. In-depth sociological studies were conducted in 
conjunction with the national survey. The author gratefully acknowledges 
all her colleagues in the Study, but is solely responsible for the views 
expressed in this paper.  
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between rural villages. Almost a third of the labor force (people aged 
more than 15 years) are absent from their homes for more than one year at 
one time, with 21% of the labor force migrating within Botswana and 8% 
migrating to work in South Africa (Republic of Botswana, 1982). Being a 
migrant is associated with being in wage employment; about half (49%) of 
the formally employed within the country are either long-term or short-
term migrants. The main determinants of rural outmigration among the labor 
force are found to be income differentials and the probability of 
obtaining a wage job (Lucas, 1982).  
 

Outmigration from Botswana's rural areas in order to seek employment 
began as early as the middle of the last century, as men sought work on 
the mines and farms of what was to become South Africa (Schapera, 1947). 
During this century up to independence in 1966, mine labor employment in 
South Africa was the principal form of wage work for Botswana men, there 
being very few jobs available within the country itself (Schapera, 1947). 
Since independence, domestic formal employment has been increasing 
rapidly, mainly located in four urban centers -from 1971 to 1981, 
Botswana's urban areas have quadrupled in size and formal employment 
growth rates have been around 14% per year (Kerven, 1983).  

 
Botswana's rural dwellers are characterized as agro-pastoralists in 

that dryland cereal farming is combined with livestock raising. Rainfall 
is erratic, low and unevenly distributed, making crop farming a risky 
undertaking, while extensive range lands, man-made water points and high 
export prices have generally favored cattle keeping. Crop production and 
cattle ownership is inequitably distributed, with approximately half of 
rural dwelling units neither owning cattle nor producing crops, recorded 
in a good rainfall season (Kerven, 1982). About half of all rural units 
have both land and cattle, while a further third have land but no cattle 
(Kerven, 1982).  

 
Among crop farming units, about 90% are unable to produce enough 

crops to meet basic family subsistence requirements even in good rainfall 
years, while in moderate drought years (occurring about one in four 
years), only about half of land-owning farms even plough their lands 
(Kerven, 1982). Nor do cattle supply an adequate source of income for most 
cattle-owners, since the herd sizes are small (less than 20 head for half 
of all cattle owners). Only a fraction of cattle owners possess enough to 
yield a regular source of cash income - generally thought to be above 50 
head, which accounts for less than 10% of the rural population as a whole, 
and about one quarter of farm units (Carl Bro, 1982: Kerven, 1982).  

 
The population of Botswana has been unable to feed itself from 

farming for most of this century (Schapera, 1947). The role of migration 
in Botswana's rural economy is mainly to supplement inadequate incomes 
from crop and livestock production. Wage labor migration is part of a life 
cycle, as most migrants eventually return to their rural homes and take up 
farming or pastoralism once again, at the end of an employment career. 
Wage employment offers a source of cash to  
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impoverished rural families, which is mostly used to buy food, but is also 
needed for clothing, medical and school expenses. Only a small portion 
(about 13%) of wage income is invested into crop or livestock enterprises, 
and that only by a fraction of all migrants -(a total of 16% of all rural 
dwelling units invested in production, mainly cattle-related, a proportion 
of which was derived from the sale of cattle rather than wage income 
[Lucas, 19821).  
 

Wage employment is highly integrated into the rural economy; fully 
three-quarters of all rural dwelling units have at least one wage--
employed member during a year. More than two-thirds of rural units have an 
absent wage earner, and 45% have a resident wage earner (Kerven, 1982). 
Wage labor has become incorporated into rural people's lives, and the 
income that it generates has become a preponderant source of subsistence 
as is demonstrated by the results of a national rural incomes study in 
Botswana (Republic of Botswana, 1976). It was found that low-to-middle 
income rural households derived only 16% of their annual income from 
agriculture, with roughly equal proportions coming from livestock and 
crops. In the middle-to-upper income group 4% of annual income accrued 
from crops and 32% from livestock. Within both these groups, however, 36% 
of annual income accrued from employment earnings (Republic of Botswana, 
1976).  

 
Given the high degree of overlap between agro-pastoralism and wage 

employment that occurs among Botswana rural families, it is to be expected 
that rural outmigration will have profound and widespread effects upon the 
system of production. Firstly, the high rate of rural outmigration has 
affected the division of labor in family agriculture, in at least two 
ways. Some farming households are left with insufficient able-bodied 
adults to carry out required tasks, and secondly, the agricultural work 
load has devolved onto those people left behind in rural areas, 
particularly onto women. It was found that one-third of farmers who did 
not till their land stated lack of labor as the reason they did not plough 
(the major reason for not ploughing is lack of rain). Hiring of 
agricultural labor was found to be closely tied to the number of adults 
available in the farm units; the fewer the adult family members, the more 
often the farm units hired labor.  

 
With regard to changing agricultural work patterns, it is noteworthy 

that the system of animal-drawn ploughing was long considered male task, 
due to the heavy labor involved. In the late 1970's, however, it is found 
that in almost half of all farm units, women were carrying out ploughing 
tasks, while a quarter of all farm units had no males engaged in this task 
at all. Women now must participate in virtually every task connected to 
farming or livestock, in addition to their customary responsibilities for 
the home and children. Women have also become the heads of farms; about 
one quarter of all land-holding farm units are headed by women.  

 
Agro-pastoral units headed by women fall into several categories; 

those with adult males associated (whether present or absent), those  
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without adult males associated, and those units headed temporarily by 
women in the absence of the male head, usually a husband. Female-headed 
units without any adult men associated are uniformly in the worst 
situation with regard to production. These units were the least likely to 
have larger-sized farms, or to plough their land even in a good rainfall 
year. The majority of these units stated that not being able to afford 
hiring labor for ploughing was the reason they did not plough their land 
(54% of female-headed units with no adult males gave this reason, compared 
to only 14% of female-headed units with adult men and 13% of male-headed 
units). The costs of production are higher for female-headed units in 
general, but especially for those without adult men, of whom 72% had to 
spend cash to farm their land, compared to just over half the male-headed 
units who had cash costs. The costs cannot necessarily be paid out of 
absentee remittances, if there are no adult men to migrate. Thus among 
female-headed units with no adult men, only 13% received cash remittances 
during a year, while de facto female-headed units (with male heads absent) 
much more frequently received remittances (64% did, during a year).  
 

The lack of an adult male in a rural family also reduces the 
likelihood of that unit owning cattle, the major source of wealth in rural 
society. Thus, only 22% of all rural dwelling units headed by women with 
no adult men have cattle, in contrast to 65% of male-headed units which 
own cattle, 55% of female-headed units with adult men, and 51% of de facto 
female-headed units. Among those with units which do own cattle, those 
headed by men, (either present or absent, as in the case of de facto 
female heads) are more likely to have larger herds of greater value.  

 
The adoption of technical innovations was found to be associated 

with migration, in terms of availability of farm labor, the receipt of 
cash remittances from absentees and savings from wages. Although very few 
Botswana farmers (11%) use anything other than conventional crop 
techniques (ox-drawn plough, with no inputs of fertilizer, pesticides, 
etc. or use of tractors, harrows, etc.), those farms units receiving 
higher levels of remittances from migrants were more likely to be using 
extension-recommended practices or to have purchased inputs (Kerven, 
1982). In particular, the higher the level of wages earned by farm unit 
members (whether absent or present), the greater the adoption rate. On the 
other hand, lack of male adults among female-headed rural units was 
strongly associated with non-adoption of new technology and in fact with a 
much lower ownership rate of essential inputs, such as ploughs and draft 
animals.  

 
Adoption rates of cattle-related techniques (e.g. supplementary 

feeding, health care, etc.) are overall much higher than adoption of crop 
techniques. Among cattle owners; 60% practice basic extension--recommended 
improved management techniques, while 30% use more capital-intensive 
practices. Cattle-owning units which received higher levels of remittances 
from absentees were more likely to be using the more capital-intensive 
methods, while those not receiving any remittances were unlikely to be 
using these methods. The results suggest  



717 
 

that receipt of remittances may be a necessary condition of adopting 
improved cattle management practices, but that adoption is not dependent 
upon remittances but rather upon the scale of cattle ownership; the 
greater the herd size, the greater the level of adoption of extension-
recommended practices. Lack of adult males in households headed by women 
was associated with a complete absence of capital-intensive cattle 
management methods, while no appreciable difference in techniques adopted 
was evident between units headed by women with adult men as members and 
units headed by men. This would imply that female-headed units with 
sufficient cattle and labor are as able as male-headed units to adopt 
improved management techniques. Lastly, regression analysis on investment 
patterns arising out of wage employment indicates that higher wage income 
(whether earned by resident or absent members) is strongly linked to 
cattle investment (purchase of livestock and related technology) but bears 
no relationship to crop-related investments (defined as mechanical 
equipment). As Lucas comments, "...expanded urban employment and 
consequential withdrawal of potential crop labour is not offset by 
investments out of (migrants') wages (Lucas, 1982).  
 

Some further observed relationships between outmigration and agro-
pastorialism indicate that the crop and livestock sectors respond somewhat 
differently to outmigration, and that crop farming is more sensitive to 
the effects of outmigration. The absence of farm unit members who are 
employed in a Botswana town is shown by regression analysis to be 
associated with quite large increases in harvests, whereas there is no 
statistical relationship between urban migrants and cattle wealth, per se. 
Absence of a farm unit member at the South African mines is linked to a 
sharp decline in crop harvests (Kerven, 1982). There is also a tendency 
for substitution between wage employment and involvement in crop 
agriculture, in which cattle ownership appears to function as an 
intervening variable. Thus rural units which do not have a wage-employed 
member are more likely to be solely crop farmers, compared to units with 
wage-employed members who are more likely also to have cattle (Kerven, 
1982). Since it has been noted that once a rural unit has a wage income, 
there is a propensity to acquire cattle, those units without wage income 
must be more dependent upon crop farm income in the absence of a means to 
purchase cattle. This relationship is confirmed by these further results; 
as remittances to rural units increase in value, so does cattle ownership, 
while on the other hand, the likelihood of the unit ploughing declines. 
Also, the greater the wage income of farm unit members, the less likely 
the unit is to plough crop land; 71% of farm units with wage-employed 
members in the lowest income group ploughed, compared to only 37% of farm 
units ploughing who had wage-employed members in the top wage brackets 
(Kerven, 1982). In summary, as outmigration from rural units results in a 
higher income, crop farming declines in appeal and cattle-raising becomes 
both more possible and more attractive.  

 
In conclusion, it should be noted that the Botswana Government's 

main initiative in the arable sector is not explicitly addressed to the  
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classes of small-scale producers involved in arable agriculture (Republic 
of Botswana, 1980). A large FSR project is being implemented with this 
group as the focus (ATIP, 1981). Yet the smaller-scale producers are 
precisely the group which, as has been discussed, are most reliant upon 
wage labor migration for supplementation of inadequate incomes from crop 
farming. Due to their involvement with migration, these farmers have 
subsequently also experienced many negative consequences of family 
outmigration: loss of labor, increased cash costs of production and loss 
of management skills, all of which have diminished their ability to invest 
in improved production systems. Moreover, low production levels among 
these farmers have been disfavorable to capital accumulation as savings in 
the form of cattle and wage income must be drawn upon to meet recurrent 
expenses. Low levels of savings have caused further deterioration in the 
propensity to invest resources into crop farming. Nor should the incentive 
factor be ignored: farmers who can expect crop failures due to drought and 
poor management, and who at the same time can rely upon cash income from 
migrant family members have little motivation to concentrate more scarce 
resources into an already low-yielding activity.  
 

Currently in Botswana technical solutions to low agricultural 
productivity are being researched, with little attention paid to the 
opportunity costs of rural family workers who can earn much higher incomes 
in the wage sector if they migrate. In the past, many of these technical 
solutions were found to be only appropriate to wealthier farmers with 
sufficient family labor and capital resources to experiment with technical 
innovations. Small-scale farmers do not have the surplus labor or capital 
to risk in attempting new farming methods. Conversely, in Botswana little 
research attention is given to studying current adaptations based on 
intricate and flexible methods of agriculture and inter-household 
cooperation, as well as depending upon wage income from migration (Behnke 
and Kerven, 1983).  
 
CONCLUSIONS: IMPLICATIONS OF OUTMIGRATION FOR FSR PROJECTS  
 

It has been the contention of this paper that migration is often 
part of farm family strategies and that the impacts of migration upon 
farming systems may be considerable - this has been illustrated with 
reference to a number of African countries and five case studies. The 
latter have exemplified some of the range of positive and negative impacts 
upon production that result from the outmigration of some farm family 
members. In summary, these include changes in: techniques of production, 
emphasis of production, division of labor, the opportunity cost of labor, 
capital and management, and lastly, changes of output. Each case has also 
testified to the dependence upon wage income for the continued involvement 
of rural farmers and pastoralists in production. Yet the role of 
outmigration is rarely incorporated into farming systems research 
projects. This neglect may perhaps be attributable to the conventional 
assumption that Africa's rural economies are functionally discrete and 
therefore isolated from the modern economies centered in  
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towns and cities; rural inhabitants are assumed to be gaining a living 
from the land, with maybe some part-time income coming from trading or 
small-scale industry. Migrants are by definition absent part of the time, 
and upon their return, appear indistinguishable from farmers; flows of 
money, goods and services associated with migration are not readily 
observable. Migration from rural areas may therefore be "invisible" to the 
researcher, particularly if he/she is not looking for it.  
 

A more pertinent reason why migration may be considered tangential 
to the methods and goals of FSR lies in the debate surrounding the cost of 
more "holistic" research, in terms of time, money and skills (Byerlee et 
al., 1982; Collinson, 1982; Norman and Gilbert, 1981). This is indeed a 
pressing and legitimate concern. The current FSR orthodoxy prescribes a 
series of "screening" surveys, intended to narrow down the salient 
variables to a manageable size which can then be more intensively studied 
over a longer time period. In practice, the variables selected for closer 
study are inevitably limited to the biological sphere of farming systems 
(see example, chart in Byerlee et al., 1982; timetable in Collinson, 
1982). Several years of extensive research may be devoted to studying the 
agronomic features, yet the social system itself is presumed to be 
sufficiently understood after a few weeks of cursory surveys. One could 
convincingly argue, however, that human social systems are at least as 
complex as plant or animal biological systems. Time and expense may be 
better-saved, in the long run, if one has ensured that the variables 
chosen for intensive study are really the most relevant, given the overall 
objectives. The irrelevancy of much agricultural research in the past is 
now appreciated -basically, the farmer had been forgotten. FSR may fall 
prey to the same error unless more attention is paid to the entire range 
of diverse objectives and strategies actually pursued by farmers and their 
families. This paper has pointed to one of these alternatives -wage 
employment - which is increasingly being pursued by African farming 
families.  
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MEN AND WOMEN SMALLHOLDER PARTICIPANTS 
IN A STALL FEEDER LIVESTOCK PROGRAM IN MALAWI  

 
Anita Spring  

 
INTRODUCTION  
 

Malawi is an agriculturally based country with 6 1/2 million people 
that is attempting to develop its economy through a combination of 
government and donor agency funded development projects. One of the first 
development projects, the Lilongwe Land Development Program (LLDP, which 
later became the Lilongwe Rural Development Project, LRDP), was begun in 
1968 under World Bank funding. As an integrated development project, LRDP 
included an animal husbandry component, one aspect of which was a stall 
feeder livestock program. This paper examines the general parameters of 
how the addition of such a livestock enterprise affects the farming system 
and farmer remuneration. The paper considers differential recruitment of 
women and men farmers to the program as well as differences in labor, 
training and use of income gained. In particular, women's involvement in 
the care of large animals has increased significantly as a result of the 
program. However, the importance of their participation is often 
unrecognized by many development staff and consultants and consequently, 
few livestock services are directed to women.  

 
The research for this paper was carried out through the Ministry of 

Agriculture (MOA) and the staff of the Lilongwe Agricultural Development 
Division (LADD), of which LRDP is a part, commencing in 1981 and 
continuing until 1982 as part of the Women in Agricultural Development 
Project (WIADP) that was funded (1982-83) by the Office of Women in 
Development, USAID. The Project worked through the MOA and was concerned 
with documenting women's and men's participation in agriculture by 
researching various farming systems in the country's three regions, 
disaggregating national agricultural survey data, and aiding to change 
policies so that women farmers could benefit more directly from rural 
development projects.  

 
In 1968 when the LLDP commenced, farmers in the area cultivated an 

average of about 5 acres per household and concentrated on growing maize, 
groundnuts and tobacco in pure stands. According to a farmer survey 
carried out in 1969-71, 30% of the households were headed by women who 
were unmarried, divorced, widowed or had husbands living away from the 
family farm (mostly out of the country at that time). Nineteen percent of 
farmers in that survey owned cattle with 8% having work oxen (LADD 
Evaluation Section 1971). These animals were grazed primarily on  
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free range outside the villages in dambo areas and cared for by young boys 
during the daytime. At night cattle were penned in the villages. A recent 
survey placed holding size at slightly over 4 acres with 22% of the 
households headed by women (NSSA 1982). 39% of these female headed 
households were married with husbands away at agricultural estates, in 
urban areas or with other wives. Figures on livestock ownership are not 
yet available (NSSA 1982).  
 
THE STALL FEEDER PROGRAM  
 

The Animal Husbandry Section implemented the stall feeder credit 
program in 1968 beginning in one of the development sections (called a 
unit). It spread to a unit per year between 1968-71 and thereafter to 35 
of the 40 units. The number of farmers obtaining steers has risen steadily 
from 20 (with 40 steers) in 1968 to 729 (with 1458 steers) in 1981/82. The 
demand for feeders has always exceeded the supply, mostly because of the 
breeding capacity of the small herd (Kinsey 1973). There is also some 
debate about how many finished steers can be marketed by the slaughter 
house.  

 
The stall feeder program was developed to increase animal production 

in the area and specifically to a) utilize crop residues which are 
abundant, b) provide high quality beef, c) provide high quality manure, 
and d) increase farmers' incomes. Farmers are issued a pair of steers on 
credit; these feeders are generally young animals (having 2-6 teeth) 
weighing at least 255kg (560 pounds) live weight. Animals are                                                                                                 
Malawi Zebu which tend to be approximately 250-273 kg (550-600 lbs) and 
Friesian x M. Zebu weighing approximately 318-341 kg (700-750 lbs). In 
LRDP, steers come from the Dzalanyama Ranch (part of the LRDP), the 
Veterinary Department and cattle markets. The farmers are charged an issue 
price, transportation (12.5%), credit interest (5%), and insurance (2.5%) 
fee3 amounting to 20% of the issue price. After the animals are 
slaughtered, these charges are deducted from the gross return, and money 
is issued for the difference at LADD Head-quarters. Credit recovery is 
100%. Additionally, farmers have been encouraged to feed their own 
animals, but few farmers have done so.  

 
Farmers are expected to build a stall or Khola that is well thatched 

with good bedding and to feed the penned animals. The extension staff is 
supposed to aid in delivery and pickup of the animals as well as advising 
on proper Khola construction, feeding, and animal health. Veterinary 
assistants help maintain good health of the animals.  

 
The existence of the program depends on an abattoir (slaughter 

house) belonging to the Cold Storage Company. This is one of two slaughter 
houses in the country and located in nearby Lilongwe, now the capital. 
Farmers themselves never eat the beef they produce under the program; the 
meat is intended for the urban consumer and is marketed in supermarkets 
rather than traditional or government sponsored markets. At the sale of 
the steers, the majority of credit stall feeders obtain  
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the highest price and grade (choice) for their animals; the rest get 
second grade (prime), and a very few have their animals down-graded to the 
lower grades (standard, commercial or inferior) because of poor feeding or 
disease (Sinumbe: Quarterly Reports 1978-81). (In Malawi choice grade is 
higher than prime grade as opposed to the United States where prime is the 
highest followed by choice.) The latter bring in very little profit or 
none at all, and occasionally farmers whose animals are poorly fed lose 
money. Table 1 gives the approximate prices paid in 1981/82. Also noted is 
the dressing percentage which shows the relationship between the weight of 
the carcass and live weight. (Dressing % = cold dressed wt x 100/ live 
wt).  
 

In addition, farmers have been encouraged to put their own steers 
(called own-producer steers) from their herds or local purchases in stall. 
The record show these steers are more likely to bring the second grade 
(prime), followed by choice and the lower grades (Sinumbe: Quarterly 
Report 1978-81). The number which receive standard is larger than among 
the Ranch and Veterinary Department steers, usually because these animals 
tend to be older and of lesser quality than those issued on credit. 
Because there is generally a shortage of credit steers and to encourage 
self-sufficiency, farmers are encouraged to put their own animals (from 
their herds or local purchases) in stall. However, the number of own-
producer steers only ranged from 40-185 steers tended by 20 to 90 farmers 
per year between 1971 and 1982.  

 
Theoretically, farmers are selected by the extension staff based on 

their ability to supply feeds, provide a proper stall, be fit, efficient 
and hard working (Nankumba 1980:5). Farmers feed a combination of crop 
residues, concentrates, and green fodder to these animals. The main 
residues are maize stover, groundnut tops, and banana leaves and stems; 
sweet potato tops, and bean or pea tops are recommended also, but not 
commonly used. Most farmers say they do not have enough residues from 
their own fields, and most collect residues, especially groundnut tops, 
from others' fields. Green fodder consists of fresh grasses, especially 
Rhodes grass, Napier grass, sugar cane tops and maize plants.  

 
The mainstay of the stall feeding diet involves the use of 

concentrates, which are primarily maize bran (madeya) mixed with a little 
salt. Most farmers do not have enough bran from their own pounded maize 
and must obtain bran from others either by purchase or more commonly by 
exchanging salt for bran. It is estimated that the Price of bran is one 
25th the price of salt, i.e., farmers receive 25 kg of madeya for 1 kg of 
salt (Mtukuso, Gray and Pervis 1983). Farmers generally buy two to four 
50kg bags of salt and trade salt for bran, keeping some of the salt to mix 
with their bran. Some farmers also use small quantities of full kernel 
maize meal (m’gaiwe) and, rarely, milled beans or groundnuts. Cotton seed 
cake, beef mash and maize germ are recommended, but none of the farmers 
interviewed fed these items.  
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In addition to clean water, recommended rations for one steer per 
day are:  
 

1. 70 lbs. (2 armfuls) of fresh grass plus 8-10 lbs of bran and 3 
ozs of salt.  

 
2. Maize stover to appetite. Armful of groundnut tops. 4 lbs. maize 

meal, 4 lbs. bran and 3 ozs. salt.  
 
3. 35 lbs. (one armful) of fresh grass. 2 lbs. maize meal, 6 lbs. 

bran and 3 ozs. salt.  
 
4. 35 lbs. of Napier or Rhodes Grass. Maize stover to appetite. 3 

lbs. maize meal, 5 lbs. bran and 3 ozs. salt.  
 
The extension staff issues steers after approving the khola. Stalls 

may be individual, but the extension staff prefers communal ones because 
they facilitate checking and collecting the steers. Spacing for one pair 
is recommended to be 6 x 6 x 2.4 sq. meters or 20 x 20 x 8 sq. feet. 
Farmers usually obtain the animals in the dry season, which is the slack 
agricultural period, when crop residues are available. Optimally, the 
animals stay penned for 3½  to 4 months (according to Mtukuso, Gray and 
Pervis [1983] steers take 150 days to finish). Poorly fed animals must 
stay in the khola longer. Additionally, from time to time The Cold Storage 
Company refuses to buy steers until its stock is reduced. In those 
situations, farmers have to expend more resources and labor and the 
animals may be down-graded.  

 
Male household heads were the first to be enrolled in the credit 

steer program. Women as credit farmers began participating in the program 
in 1971 in one unit and in 1973 a women's club was formed in that unit. 
Another large club which continues today began in 1976 in the unit where 
the stall feeding program first began; currently, 12 of the 14 members 
there are women. There are stall feeders in 35 of the 40 units in LRDP at 
present. Of these, 17 units (48.6%) have women who stall feed. The total 
number of women who obtain credit steers in their own name is relatively 
low: only 14% of the credit steers were issued to women in 1981/82. Within 
a unit, the percentage of women issued with feeders ranges from 8% to 76%, 
but women are only in the majority of stall feeders (76%) in one unit 
where they are considered a demonstration group. Both married women and 
female heads of households are included in these figures, and it was not 
possible to calculate the distribution of each. LRDP has an estimated 22% 
of its households headed by women, so the participation of female heads is 
hardly commensurate with their numbers.  

 
STALL FEEDER INTERVIEWS: METHODOLOGY  
 

Observation of the animals with the staff from the Animal Husbandry 
Section of the LADD and LRDP and interviews with the farmers (21 women and 
8 men) were conducted in the villages during 1981-82. Other farmers (18 
men and 3 women) were interviewed at LADD Headquarters when they came to 
collect their checks after the animals were sold. The sample of  
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24 women and 26 men is a casual one and the village interviews are biased 
in terms of the number of women. The aim of the interviews was to learn 
about the farmers' experience, knowledge and results of stall feeding. 
Evaluation of the "evidence", i.e., the animals, the kholas, feeding 
practices themselves as well as the slaughter weights and remuneration 
provided a great deal of information about the farmers' participation. In 
addition, the staff at LADD and LRDP, and in the units were interviewed 
and their interaction with farmers observed.  
 
RESULTS 
 
A. Recruitment  
 

The data show that men learn about stall feeding through the 
extension staff who generally contact them at meetings or in their 
villages. Men who have attended training classes are also recruited. Most 
women are not contacted nor recruited by extension staff. Women see other 
people, especially other women, in the program and contact the agent 
themselves. Few have been actively taught about the subject by extension 
personnel. Many women noted that they have to convince the agent over the 
years to view them as credit worthy and able to do the work. Often women 
are told they have to form a group and seek credit in the name of the 
group. This experience does not occur for the men and men are issued 
steers as individuals rather than as group members.  
 

There are three main ways for women to become involved in stall 
feeding on their own:  
 

1. Their husbands stall feed. Subsequently, the wife or wives obtain 
pairs of animals as well, and both spouses continue the 
enterprise.  

 
2. The husband obtains stall feeders first, then the wife or wives 

also get pairs. The husband discontinues feeding, while the wife 
or wives continue.  

 
3. A woman, either married or unmarried (widowed or divorced), 

starts stall feeding on her own.  
 

The last pattern occurs in units where other women have been stall 
feeding. All these patterns concern steers taken on credit from LRDP. One 
aim of the LRDP Project is to encourage own producers to wean farmers from 
credit steers into the fattening of their own steers. Thus far, only a 
couple of women, in conjunction with their husbands, use their own steers. 
For reasons which will be discussed below, the only people who use their 
own cattle are men.  

 



731 
 

B. Labor  
 

Data on the actual labor of feeding shows that, even when the steers 
are issued in the man's name, the wife does much of the work. Women tend 
to draw water (10 to 12 buckets per day walking up to half a mile per 
load) and either help or do all the feeding and exchanging of salt for 
bran. Surprisingly, they do not complain about the work, although some 
women note that having a single well or tap is a problem. In married 
households generally the husband buys the salt or provides money for the 
bran. In addition to their wives, men are sometimes helped by sons, 
nephews or male employees. Women on their own who stall feed mostly do all 
the labor themselves (drawing water, cutting crop residues, buying salt 
and exchanging it for bran, and the actual feeding). Some are helped by 
their children (either regularly or occasionally depending on the ages and 
whether or not the children attend school) and other female relatives. The 
actual work patterns help explain why many women express the willingness 
to take steers on their own. They already are doing the work or know by 
example that women can handle the work. The costs in terms of time and 
energy expended by women and men is not reckoned by the farmers, but 
surely domestic and other agricultural tasks, especially of the women, are 
affected.  

 
Khola construction is generally considered men's work, although some 

women cut the poles and worked on much of the construction. (They hire a 
man to thatch as they said women should not climb on the roof.) Generally, 
men will construct their own kholas, saving labor costs, but some hire 
laborers. Married women rely on husbands, and widowed or divorced women on 
sons and other male relatives whom they may pay; they also hire laborers. 
None of the women interviewed knew stall dimensions or pole sizes, whereas 
most of the men did because the extension agents either explained it to 
them or gave them the measurements.  
 
C. Extension Visits and Advice  
 

The pattern of extension services and training tends to be 
differential between men and women. Men note they are visited frequently 
by the extension workers (Technical Assistant [TA] and Development Officer 
[DO]). Women's contact with staff is more variable. Some women are visited 
with the same frequency and by similar numbers of staff as the men, while 
others see extension workers occasionally if at all. One woman remarked 
that, “They don't come much; women are on their own, especially if they 
have been stall feeding a long time”. Another remarked that the TA only 
came to tell women when visitors are coming.  

 
One day I interviewed three women in the same village. All three 

were stall feeding on credit. Two were widows and one was married. The 
first widow told me that she knew about extension agents and had seen 
them, but would not recognize any because they never came to see her. When 
there was a meeting, the women sat far away. While somewhat unbelievable, 
since she was getting credit, it should be noted that one  
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of her steers was only partially castrated, had broken out of the khola, 
and was running with the village herd! She said no one gave her advice. 
The married woman noted that the extension workers tended to visit only 
men when they came to the village. This was the first year the steers were 
in her name; the previous two years they were issued in her husband's 
name, but she did much of the feeding. The third woman, a fifty year old 
widow with five children, remarked that the extension agent had visited 
her the previous day and visited frequently. She is a progressive farmer 
and has been obtaining credit for certified groundnut seed for 6 years. 
Because of her good management, the extension staff asked her also to take 
a credit package for hybrid maize in 1982. Although extension contacts are 
supposed to be available for credit farmers (as well as others), it is 
possible that agents visits are determined by demand, that some farmers, 
and perhaps especially women, do not know how to make requests for advice 
or avoid/discourage visits because they may feel obligated to give the 
agent a gift.  
 
D. Training  
 

Training courses and dissemination of information about stall 
feeding is differential between men and women whether it is at the unit or 
in a residential center. Men receive a course in agriculture, including 
information on stall feeding, while women's training is mostly in home 
economics with a small amount of information on poultry and vegetable 
production. When asked, both men and women express the desire for more 
extension advice and training. The men want more information on stall 
feeding, ox-ploughing, tobacco, maize, cattle and poultry production, 
while women want more information on general crops and animal production, 
stall feeding, maize, groundnuts, animal diseases, vegetable growing and 
farm planning.  

 
The little training for farmers in stall feeding is apparent in 

their lack of knowledge of grades, prices and signs of readiness for 
slaughter. However, men tend to know more about these aspects than women, 
and both sexes know the signs of readiness better than the grades and 
prices. Because there is inadequate understanding of these topics and no 
concrete way of relating the condition/grades of the animals to the 
amounts earned, several women said the amount of money received is 
unpredictable and "like a lottery".  

 
When farmers receive their money at LADD Headquarters, they simply 

accept the amounts given to them. The Animal Husbandry staff sometimes 
comments on the very large amounts given, encourages those farmers 
(especially men) to put their own animals in stalls, and explains to 
farmers whose animals were severely downgraded that this had happened, but 
the explanations are brief and designed to console.  

 
Concerning expenditures, few farmers keep records of what they 

expend to construct the khola and feed the animals, and the animal 
husbandry officers tend to treat the gross returns as total profits. 
Farmers were asked to recall what they expended on poles, nails, food  
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and water troughs, labor, salt, bran and hiring of ox-carts to transport 
feeds. (Unless every item was queried separately, farmers tended not to 
mention or calculate the amount spent.) Costs range from K12.60 to K77.00 
for a pair of animals.  
 

To obtain the cash to carry out the stall feeding enterprise, men 
rely on their sales of agricultural products such as tobacco, hybrid 
maize, and vegetables, and on income from businesses and off-farm 
employment. Married women rely on husband's income as well as their own 
from sales of groundnuts and local maize, brewing beer, and money sent 
from sons away working or borrowed from relatives. Unmarried women rely on 
sales of agricultural products and remittances. Although women do much of 
the work on field crops, their husbands receive the income from these 
enterprises because men tend to be the credit farmers.  

 
The income from feeding is substantial in people's lives and makes a 

difference in their standard of living. It was estimated in 1973 that the 
gross margin per steer was well above that per acre of maize or groundnuts 
on well-managed farms and compared favorably with gross margins from an 
acre of tobacco (Kinsey, 1973). The data from the Unit Farms at Chitedze 
Research Station in 1981 (Table 2) confirmed that feeding steers had the 
highest gross margin for all enterprises, was higher than dairying, and 
had twice the margins of the best crops (personal communication, D. 
Pervis, 1982). Stall feeding requires less labor than any of the other 
enterprises. In 1980 the average price received for a pair of steers after 
deducting the credit was K167.60 if they were graded choice, K112.44 for 
prime, and K44.80 for standard. (Farmers who obtain standard grade often 
lose money and those with commercial and inferior grades generally do.) 
These do not include the farmers’ costs for feeding and stall 
construction. Own-producers received K400.00 for a pair of choice steers, 
K357.06 for prime, and K355.38 for standard in 1980. These returns do not 
consider the cost of purchasing, feeding, or khola construction.  

 
There are great differences between individuals in terms of their 

remuneration and profits, but the data shows that the gross margins 
received are not differential by sex. Some women receive gross returns 
greater than some men's in some years, while in other years it is 
reversed. The net returns may be more variable because of differential 
costs.  

 
A good example of individual variability is supplied by three 

brothers from the same village who collected their money in November 1981. 
They were all feeding for the first time. The eldest brother received 
K287.41 (the highest amount paid that day); the middle brother got 
K219.19; and the youngest received K158.39. The eldest had expended the 
least money (K32.50) on feeding and khola construction since he had his 
own streamside garden and woodlot. The second brother spent the most 
(K60.80), having neither garden nor woodlot and buying five bags of salt. 
The third brother spent K43.20 to buy poles and for feeding. Their 
respective net incomes were K255.11, K158.39 and K128.65, a  
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difference of almost K100.00 between brother one and two, and K130.00 
between the oldest and youngest. Only the eldest was told about his grades 
and prices received and was encouraged by the Animal Husbandry staff to 
feed his own.  
 

What do people do with the income from stall feeding, and are there 
sex differential patterns? The literature notes that when men get money 
they buy consumer goods for themselves and use cash for socializing and 
marrying another wife, whereas women use the money for feeding and 
clothing their families. The beer and socializing part was not mentioned 
by anyone, and this will probably not be known. For poorer farmers, a 
general pattern in the first year of feeding is to purchase clothing. Men 
may purchase radios and women kitchen utensils as well. Women also use the 
money to pay school fees. As people stall feed through the years, or if 
they are wealthier to begin with, the money is used to build houses and 
buy metal roof sheets, or to buy bicycles, ox-carts and breeding cows. 
Only high resource farmers, or those who have attended to their houses, 
consider purchasing a steer to stall feed. Poorer women, usually the 
female household heads, tend to use the money through the years for 
clothes, school fees, food and occasionally to hire casual labor; some 
must also pay back the money borrowed to construct the khola and purchase 
salt. Wealthier ones buy roof sheets, goats and cows for breeding. A few 
build houses; one bought an ox-cart; and another farmer plans to buy a 
steer. Also, there were some unlucky cases: the money was stolen from one 
man, and one woman loaned cash to a tenant farmer and was not repaid.  

 
Many stall feeders own other livestock, and this relates to their 

ability to become own-producers. Men own cattle and goats in much greater 
frequency and quantity than women. Most women own poultry and some have 
goats; a few purchase cows with their incomes from feeding. It is 
interesting that men and women tend to buy breeding cows rather than 
steers for feeding which would give them more immediate and perhaps 
greater returns. The data show that many stall feeders cannot buy steers 
because their cash needs are so great. Also, they receive the money for 
their animals several months before their crop residues are available to 
feed again. So by the time it comes to feed again, the money is spent and 
credit is again needed. Only farmers who have steers in their herd or are 
able to purchase them at the right time because of income from other 
sources, can become own-producers.  

 
The credit experiences of men and women are different. Men tend to 

have previous and longer credit experience for hybrid maize and tobacco. 
Women's experience with credit is more varied; for some, taking steers is 
their first time to have credit in their own name; a few have received 
credit for groundnut seed and fertilizer. Married women note that their 
husbands obtained credit so it was not a new experience. One woman 
remarked that she obtained the seed while the husband obtained the 
fertilizer on credit. Another said that she wanted the credit to be in her 
husband's name, but he refused so she obtained the credit in her name. One 
woman mentioned her husband's reluctance to allow her to get  
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credit. A few mention that they were fearful of credit at first; one 
continued on to say that she subsequently realized stall feeding was self-
paying.  
 

Most farmers like stall feeding, describe it as their "business", 
and want to continue. Some women claim only death will stop them; they 
have integrated the enterprise within their farming systems. A few first-
timers say that continuing will depend on this year's profits. The 
majority of the farmers report no problems with feeding. Surprisingly, 
most women tend not to complain about the labor involved, even though they 
were drawing 10 to 12 buckets of water a day from distances of up to half 
a mile. A problem both sexes express is a shortage of groundnut tops 
(masanowe). Farmers also note that in some areas people are burning tops 
to prevent stall feeders from obtaining them. Other problems mentioned by 
women are sick and partially castrated animals, lack of money for buying 
salt, too much work and having only one well from which to draw water. 
Nevertheless, almost all farmers have told others about the benefits of 
stall feeding, and some women are able to specify the other women they 
convinced to initiate the enterprise.  

 
Some farmers have totally integrated the stall feeding enterprise 

into their farming system in that they produce all the crop residues 
necessary for their own animals; some even produce their own animals. 
These individuals tend to have larger holdings, own maize mills where they 
can obtain bran and maize in lieu of grinding fees, and/or have existing 
herds. At the other end of the continuum are those farmers whose access to 
crop residues and concentrates are low because their holdings are small, 
they live in areas where neighbors burn residues, and/or they own no other 
large livestock.  

 
It is important to note that the stall feeding enterprise is an 

increased complexity in the management of the farming system. However, the 
enterprise is incompletely integrated in that the farmer is dependent on 
outside information and assistance. Many aspects of the endeavor are not 
totally under the farmer's control; women are affected more severely in 
some of these aspects than men. The limited supply of steers puts pressure 
on the extension staff to select "proven" farmers year after year.  

 
Some married households are able to obtain two pairs while female 

headed households with limited other enterprises are bypassed. Information 
on readiness, grade and price is incompletely integrated into the farmer's 
knowledge of production, with women being more disadvantaged than men. 
Both sexes are equally affected by marketing restrictions and delays 
stemming from the abattoir as well as the burning of residues in some 
areas.  
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SUMMARY AND INTERVENTION TO CHANGE THE SITUATION  
 

Both women and men who are managing farms and households appreciate 
the addition of a stall feeding enterprise in their farming system. The 
demand for credit steers greatly exceeds the supply. Farmers who own herds 
are reluctant to put their animals in stall, which demonstrates problems 
in dissemination of information, marketing constraints, cultural 
preferences for keeping animals, and the like. (Interestingly, in another 
project which recently started in LADD, stall feeding involves own-
producer steers only and only men are involved in it.) In LRDP men are 
recruited directly through the project staff while women who participate 
in the program must "prove" themselves. Yet women do most of the labor 
even if men are registered owners. Men receive more training than women, 
and wives of the registered males are likely to receive very little 
direction unless they are around during the visits of the extension staff. 
Evidence shows that husbands tend to relay very little agricultural 
information to their wives. There are no sex differences in feeding 
outcome by weight between men and women--perhaps this is because women are 
doing most of the feeding anyway--either as registered producers or wives. 
Use of income may be sex differential depending on the number of years of 
participation.  

 
As the care of livestock has moved from the range to the village, 

women's participation in the enterprise has increased significantly. They 
now feed arid water the animals and may in fact be entirely responsible 
for the management of the animals because so many men are away working on 
estate agriculture or in the urban sector in Malawi. In spite of the bias 
against women receiving training, extension advice and credit, some women 
have managed to be innovators and participate in a new technology on their 
own or as household members. Women have the capacity for participation, 
but must rely on the extension staff for selection and training.  

 
As a result of this work with women and men stall feeders and many 

other surveys and projects in LRDP and LADD, WIADP was invited to review 
all aspects of LADDs' development projects, give seminars to the staff, 
and prepare a document about how LADD's programs could involve more women 
farmers (Spring, Smith and Kayuni 1983a). Women's important contribution 
to agriculture in the area (they do 50-70% of the agricultural labor of 
all types) was discussed, and suggestions were offered about steps which 
could be undertaken in line with current policy in order to both include 
more women and record their participation (Spring, Smith and Kayuni 
1983b). New reporting formats were prepared for the entire ADD and for the 
Animal Husbandry Section (Appendix A). These formats require extension 
agents (TAs and DOs) and management to monitor their extension visits, 
agricultural training classes, and credit programs in terms of the sex of 
farmer participating. The Animal Husbandry Section has begun to keep 
accounts of the number of participants by sex and women farmers and 
extension workers are being trained in stall feeding in day and 
residential centers.  
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Suggestions have been offered in terms of techniques for recruiting more 
women for stall feeding and other credit programs as well as for male 
extension agents working with women farmers.  
 

Five major points may be made in concluding:  
 
1. Farmers vary in their access to various management features and 

resources, and consequently incomes earned for stall feeding 
enterprises differ accordingly.  

 
2. Some aspects of the stall feeding program are different for men 

and women farmers while sex makes no difference in other aspects. 
 
3. Women are interested in new technologies; they are willing to do 

the labor and learn more about various enterprises and their 
technical aspects. Often women work with a new technology, but do 
so less efficiently because they are bypassed by credit, training 
and other project services. 

 
4. Women's participation and contribution in various enterprises are 

hidden and not recognized, yet despite various handicaps they 
become involved because they perceive financial advantages to 
their households.  

 
5. Women farmers’ participation in development programs can be 

improved (and even planned for by rural development projects), 
monitored, and evaluated. 

 
It is hoped that women's contribution to various livestock enterprises 
will be noted so that they will be brought into the mainstream of project 
services, and that the female headed households in particular will not be 
bypassed.  



738 
 

REFERENCES  
 
Andy, B.L. and D. Thomas 1976, "The Utilization of Crop Residues, Madeya 
and Leucaena for Winter Stall-Feeding in Lilongwe District". Research 
Bulletin No. 2/76 Zomba, Malawi: Government Printer.  
 
Kinsey, B.H. 1973, The Lilongwe Land Development Program: A Review of the 
Background, Accomplishments and Transferability of Experience of one of 
the IDA Funded Development Projects in Malawi, Vol. II. IBRD Preliminary 
Draft.  
 
LADD, (Lilongwe Land Development Project, Evaluation Section, 1971 A 
Socio-Economic Survey of Agriculture;) Lilongwe Land Development Program. 
Part 1: The Structure of Small Holder Agriculture, Report No. 7  
 
Mtukuso, A.P., Richard Gray and Dennis Pervis, 1983 "The Utilization of 
Groundnut Tops for Beef Production in Malawi", mimeo 13 pp.  
 
Nankumba, J. Sinoya, 1980 "Stall-feeder credit Programme in Malawi: A 
Study with Special Reference to Lilongwe Land Development Programme. Bunda 
College of Agriculture Rural Development Department, mimeo 12 pp.  
 
National Statistical Office, 1982 A Preliminary Report of the National 
Sample Survey of Agriculture on Customary Land. Zomba, Government Printer.  
 
Sinumbe, J.W., 1975 "How We Can Improve the Fattening of Steers in Stalls, 
Lilongwe Rural Development Project, Animal Husbandry Section, mimeo 6 pp.  
 
Sinumbe, J.W., 1978-1981 "Livestock Section Quarterly Reports" Lilongwe 
Rural Development Project, mimeo.  
 
Spring, Anita 1981 "Stall feeding in LRPD: A Preliminary Report of 
Smallholder Perspectives, Chitedze Agricultural Research Station. mimeo 10 
pp.  
 
Spring, Anita, Craig Smith and Frieda Kayuni, 1983a "An Evaluation of 
Women's Programmes in LADD: How LADD Sections and Projects can Incorporate 
More Women Farmers in their Programmes. Women in Agricultural Development 
Project, mimeo 30 pp.  
 
Spring, Anita, Craig Smith and Frieda Kayuni, 1983b Women Farmers in 
Malawi Their Contribution to Agriculture and Participation in Development 
Projects. Report to the Ministry of Agriculture and USAID. Women in 
Agricultural Development Project. mimeo 198 pp.  
 



739 
 

 

     LILONGWE ADD           TAs 
CREDIT BREAKDOWN 

For              19              
 

Project                                  EPA/Unit                               
 
Name                                     

 
Section                                

  
Ranks                                  
 

No. Clubs                  Seasonal credit             Medium Term                 
Number Men                 Number men                  No. Men                     
Number Women               Number women                No. Women                   
Total Members              Total borrowers             

 
Total Borrowers             

 Total this month Total to date  

Men Women Total Men Women Total 

 
Seasonal Credit: 
 

      

Borrowers 
 
Hybrid maize 
Composite maize       
Other maize       
Groundnut seed       
Tobacco (Fertilizer)       
Fertilizer only       
Wheat       
Other                              
                                   
                                   
Total Loan       
Amount Paid       
and Repayment       
 
 

      

Credit Steers:        
Borrowers 
 
Medium Term Credit 
(specify items) 
                                   
                             
                             
Total Loan 
Amount Paid       
Balance Outstanding       
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LILONGWE ADD 
    Extension Activities’ Form B     Dos  Pos  PM 

Project                 Period 19                 EPA/Group                 
Name                     Rank                      

EPA/Group/Project       Total 
 
1.  Block demonstrations/ 
    topics                
                          
                          
                          
2.  Attendance: Club Visits 
    topics                
                          
                          
                          
3.  Individual Visits 
    topics                
                          
                          
                          
4.  Meetings 
    topics                
                          
                          
                          
5.a.Village Committees 
    topics                
                          
                          
                          
  b.Section Committees 
    topics                
                          
                          
                          
  c.Unit Committee 
    topics                
                          
                          
                          
  d.Group Committees 
    topics                
                          
                          
                          
6.  Field days 
    topics                
                          
                          
                          
7.  Visits to schools 
    topics                
                          
                          
                          

M W M W M W M W M W M W M W 
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Days Breakdown 

EPA/Group/Project        Total 
Days Extension         
Days Staff Training         
Days Administration         
Days Leave         
Days Sick         
Number Staff Reported         
Farmer Training TCs         
         

         
EPA/Group/Project        Total 
 M W M W M W M W M W M W M W  

1. No. DTC’s/Mobile TCs                
   No. Day Courses                
   Attendance - Agriculture                
   Attendance – Home Economics                
2. No. RTC Courses                
   Attendance – Agriculture                
   Attendance – Home Economics                
                

Comments                

                
EPA/Group/Project                
 M W M W M W M W M W M W M W  

3. Mobile Van Announcements                
4. Film Shows                
5. Puppet Shows                
Comments                
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LILONGWE ADD CREDIT BREAKDOWN For            19           AREA                          
Name                                        
 

Rank                        

EPA/Groups/Projects        Total 
Seasonal Credit M W M W M W M W M W M W M W  
MH-12                
Composite                
Groundnuts                
Tobacco                
Fertilizer Only                
Cotton                
Wheat                
Other                
                                                          
                                                          
Chemicals                                                 
                                                          
Total Loan                
Amount Paid                
and Repayment                
                

Credit Steers: Borrowers                

Medium Term Credit (specify)                
                                                          
                                           
                                           
                                           
Total Loan                
Amount Paid                
Balance Outstanding                
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COW-CALF VS. STOCKER OPERATIONS: AN IDENTIFICATION OF 
LEVERAGE POINTS IN NORTH FLORIDA BEEF CATTLE SYSTEMS  

 
David Zimet 

Christina Gladwin 
Thomas Spreen  

 
Farming Systems Research and Development (FSR&D) has been 

characterized as a holistic approach to improving the standard of living 
of the farm family. It treats the farm family as a simultaneous 
consumption and production unit. The family consumes farm products as well 
as using income generated from those products for purchasing inputs and 
consumption items (Norman and Gilbert, 1982). In production, the family is 
treated as the main source of labor and management. Exactly how the 
farming systems philosophy is applied in a project, however, depends not 
only upon actual farm circumstances in a region but also upon the approach 
to applied work of the professional practitioners involved.  

 
To date, two approaches have surfaced as predominant schools of 

thought. They are Farming Systems Research and Extension (FSR/E) and 
Farming Systems Infrastructure and Policy (FSIP).  
 

FSIP is more 'macro' than FSR/E. Since it deals with policy, the 
variables it treats are mainly outside the farm gate and involve 
more social scientists and economists than agro-biological 
scientists...as a means of more accurately predicting farmer 
responses to different policy stimuli.  
 
FSR/E is more 'micro' in scope and deals mostly with conditions 
inside the farm gate. Because it is concerned with technology 
generation, evaluation and delivery, more agro-biological scientists 
are involved and methodology is heavy in on-farm biological research 
with relatively little time devoted to surveys.  
 
Taken together...FSR/E and FSIP comprise a complete development 
concept termed here FSR&D (Hildebrand and Waugh, 1983).  

 
Although the differences between the two approaches are clear, they 

share some similarities. Both approaches have the primary goal of FSR&D, 
to improve the well-being of the farm family. To attain this goal both use 
survey techniques to ascertain the on farm status quo as regards 
production/management techniques. This situation is viewed by both as the 
starting point €or improvement. Both FSR/E and FSIP identify the farmers' 
perception of their problem as well as the "major points of leverage" 
(Collinson, 1982, p. 22) for intervention by the FSR&D multidisciplinary 
teams. The "points of leverage" are intervention points in the system 
which the team believes can be manipulated so as to better exploit the 
biological potential of the system in a way compatible with the goals and 
resources of the farmer.  
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The points of leverage must be categorized (FSR/E vs. FSIP) as well 
as identified. Categorizing the points of leverage is necessary in order 
to promote effective and efficient problem resolution. More specifically, 
if a problem at root is structural, i.e., leading to structural change in 
agriculture, an FSR/E approach will not resolve it, but can only resolve 
the satellite, technical problems. Because an FSIP approach can deal with 
a structural problem, it is necessary to know where the FSIP and FSR/E 
teams should put their efforts. Furthermore, the identification and 
categorization should occur at the "ex-ante evaluation" (Collinson, 1982) 
or diagnostic stage rather than at the "ex-post evaluation" stage in order 
to be more efficient.  

 
The distinction between FSIP and FSR/E is not the only focus of 

debate that has emerged in the FSR&D literature. Recent debates have also 
focused on the use of intensive or extensive surveys for identification of 
points of leverage as well as seasonal constraints, traditional production 
strategies, and socio-economic factors. The sondeo as promoted by 
Hildebrand is the most salient example of the latter and the system used 
by ICRISAT exemplifies the former (Hildebrand, 1981; Ryan, 1977). CIMMYT's 
use of an initial informal survey and a follow-up formal survey takes a 
middle ground (Winkelman and Moscardi, 1982; Collinson, 1982:21-25). In 
terms of cost, there is little difference between ICRISAT's intensive 
surveys and CIMMYT's extensive surveys (McIntire, 1983). Both kinds of 
survey approaches are probably much costlier, however, than a sondeo 
(Hildebrand, personal communication).  

 
A modification of the sondeo methodology to more closely approach 

Collinson's use of exploratory and verification surveys is what is 
promoted here. Unlike the CIMMYT approach, however, which focuses on 
factual data regarding technical aspects of production, we believe it is 
the understanding of the farmer--what motivates him and how he perceives 
his problems, environment, and farming system--that is the critical aspect 
of attaining the goal of improving the standard of living of farmers. A 
method of analysis which is compatible with the modification of the sondeo 
to approach the intensity of the CIMMYT method and which can also be used 
to identify and categorize points of leverage is use of hierarchical 
decision models (HDMs) (Gladwin, 1976, 1979, 1983; Franzel, 1983).  

 
The purpose of this paper is therefore twofold. First, we will show 

how to categorize FSIP vs. FSR/E points of leverage within a particular 
farming system, the beef cattle farming system in Jefferson County, N. 
Florida, at the diagnostic phase of a farming system project. Again, 
categorization of points of leverage is important because it is necessary 
to allocate the resources of personnel and funds to FSR/E and FSIP teams 
so that farmers' problems can be solved in a cost-effective way. Second, 
we will demonstrate the usefulness of hierarchical decision models at the 
diagnostic stage of a farming systems project by modeling farmers' 
decisions as regards beef cattle production. As will be seen, the main 
limiting factor to increasing the occurrence of a potentially more 
profitable method of production is scale of operation. Scale in this case 
is a structural factor amenable to policy  
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change only by a policy-oriented FSIP approach. FSR/E interventions will 
be much less important for N. Florida beef cattle producers than FSIP 
interventions, in this case.  
 
THE PRODUCTION PROBLEM  
 

Florida has a large beef cattle subsector. A high proportion of the 
calves born in the state, however, are shipped out of state for 
backgrounding, finishing, and slaughter. Ultimately, most of the beef 
consumed in the state is shipped-in from other states. Therefore, in 1982, 
the Florida legislature made a special allocation to the Institute of Food 
and Agricultural Sciences (IFAS) to study the Florida beef cattle 
industry. The focus was to find ways to increase the pounds of beef sold 
by Florida cattlemen and consider the feasibility of increased finishing 
and slaughter of cattle in Florida.  

 
In the southern part of the state, operations which produce calves 

and sell them immediately after weaning predominate. (Herds of this type 
are henceforth called cow/calf herds.) The calves are generally born in 
the spring and are sold in late fall or early winter. The brood cows are 
maintained over the winter. The calving and sales occur when they do 
because soil and climatic conditions prevent the production of sufficient 
quantities of the high quality cool weather forages which would permit the 
calves to make low-cost average daily gains over the winter.  

 
In comparison, the cool weather forages can be produced in North 

Florida, especially in the Panhandle. North Florida, however, does not 
"background" (i.e. bring them from weights of 400-500 lbs to 700-800 lbs.) 
as many calves as it potentially could. Some of the reasons for the 
divergence of potential and actual production are:  
 

1. Weak market linkages--South Florida producers usually deal 
directly with out-of-state backgrounders and markets;  

 
2. The high capital requirement for backgrounding a sufficient 

number of calves to make backgrounding worthwhile;  
 
3. Lack of finish to slaughter facilities in North Florida; and  
 
4. The competition between brood cows and stocker calves in North 

Florida for high quality forage.  
 
In keeping with the goals of the state legislature, it was decided 

to investigate the potential for backgrounding more calves in North and 
West Florida. Toward this goal, work in Jefferson County, North Florida, 
was initiated. It was decided to develop an open-ended questionnaire so as 
to obtain, in the farmers' own words, knowledge of farmers' goals and 
constraints and problems limiting adoption/adaptation of the beef 
production "package." In order to ensure that the "right" questions were 
asked in the questionnaire, several weeks were spent in the field talking 
to farmers, county extension personnel, and other  
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experts. In addition, discussions were held with University of Florida 
staff and faculty. A preliminary questionnaire was developed and then 
tested in the field. This questionnaire was revised based upon further  
discussion with experts and the test experience.  
 
The Study Area  
 

Jefferson County, Florida, is located in North Florida, bordered on 
the north by Georgia and the south by the Gulf of Mexico. It encompasses 
approximately 605 square miles of which about 40% is in commercial crop 
and livestock production (excluding timber); its 1980 population was about 
10,000. The northern part of the county is rolling crop, range, and forest 
land while the southern part is low, swampy, and supports little 
commercial farming.  

 
In Jefferson County, cattle operations are an important aspect of 

agricultural activities in that county. Most of the cattle sold (in terms 
of numbers or pounds) are sold by large producers. The emphasis of the 
survey was on smaller producers (Table 1). The survey sample does not 
accurately reflect the county in terms of the average number of animals 
per producer in the county, but it is fairly accurate in describing what 
is done by the average or median producer in the county. In addition to 
the 28 beef producers interviewed, two former beef producers were 
interviewed.  
 
Agroclimatic Conditions in Jefferson County  
 

The soils of the northern part of Jefferson County contain a cer-
tain amount of clay. (This is also true for an entire strip of the 
Panhandle along the Georgia border. In terms of soils the region is more a 
part of Georgia than a part of Florida.) The clay enhances the moisture 
retention of the soil which in turn permits the planting or seeding of 
cool weather crops in September and October. This is a key aspect of the 
North Florida livestock production pattern because a series of cool 
weather pastures and forages--rye, ryegrass, oats and clover--can be 
planted and grazed. Frequently these crops are seeded in row crop fields 
after the latter have been harvested. Another frequently used planting 
technique is to over-seed permanent pasture with winter and early spring 
pasture (henceforth called winter pasture). Another important feature of 
the winter pasture seeding is that often crops are planted in conjunction 
with each other--ryegrass with oats, rye with ryegrass, rye with clover, 
etc. This method of diversification, because of different moisture and 
temperature tolerances of the crops, affords some risk protection against 
crop failure. Also, if inoculated, the clover reduces the chemical 
nitrogen requirement. No matter what the specific method of seeding and 
the specific crop combination used, the objective of the producers is to 
"keep things green year round" so as to minimize the purchase of feed and 
fiber.  

 
In sum, because of the combination of soil and climate, high qual-

ity winter pastures can be grown in Jefferson County (and in the entire 
Panhandle). These pastures permit good maintenance of brood cows over  
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the winter. They also permit backgrounding of weanlings over the winter. 
Stockers of the winter backgrounding program can then be sold in the 
spring, indeed, because of this situation there are two board sales held 
in Jefferson County--one in Monticello and the other in Waukeenah--in 
early May.  
 
Crops in the Beef Cattle System  
 

In terms of acres the size of operation varies considerably; the 
average size is 815.8 acres with a range 23-8,300 acres. Not surprisingly, 
this is somewhat larger than the average acreage for all farms in 
Jefferson County as reported in the 1978 Census of Agriculture (506 acres) 
since an average farm which produces beef, whether or not it does so in 
conjunction with commercial crops, tends to be larger than the average 
farm which produces no beef. Furthermore, if the two largest farms are 
deleted from the sample the average would be 457.7.  

 
Only four of eight farms with large herds (more than 150 head) do 

not also produce crops for commercial purposes. In fact, both cattle and 
commercial crops are produced on 13 of the 28 farming operations. The 13 
beef producers producing crops commercially have an average of 165 acres 
in commercial crops (with a range of 5-900 acres), an average 145.8 acres 
(with a range of 12-400 acres) in summer or permanent pasture, and an 
average of 207.9 acres (with a range of 10-645 acres) in winter pasture. 
The land in winter pasture, as previously noted, is often devoted to other 
crops in the spring and summer so that total crop-acres exceed the total 
of physical acres available. Several producers, however, let their winter 
pasture turn to crab grass for grazing during the summer.  

 
Fifteen of the beef producers surveyed (54%) produce no commercial 

crops; these "livestock only" or exclusively beef operations are hence-
forth distinguished from so-called "mixed" operations. (Some, however, 
rent cropland to other producers.) These farmers, on average, have 228.8 
acres in permanent pasture (with a range of 0-1,300 acres) and 110.0 acres 
in winter pasture (with a range of 0-500 acres). Two of the four producers 
who have no winter pasture buy hay and one buys feed as well to carry 
their herds through the winter. The other two make hay and buy feed for 
this purpose. The calves of the producer with no permanent pasture are fed 
corn and feed during the summer and graze corn stubble in the early fall.  

 
The major difference between mixed and livestock only operations is 

that the production of commercial crops does seem to cause another 
difference in cropping pattern. The mixed operations have, on average, a 
greater amount of land in winter pasture than they do in summer pasture. 
This increases the total production of the cropland which is used for 
winter pastures. The situation of the producers who produce only  
 
 
 
 
 
 
                                                                           

1See footnote c, Table 1.  
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beef is reversed. There is another important difference. Only four of the 
15 livestock operations rent land. Of these four, two rent all land for 
the entire operation. Nine of the 13 mixed operations, however, rent land. 
Although data are not available, it appears that much of the rented land 
is used for crops, not for grazing. In summary, 69 percent of the 
producers of commercial crops rent land, while only 27 percent of those 
producing only beef rent land.  
 
Herd Composition  
 

The distribution of herd size by type of operation is presented in 
Table 1. Types of operations include so-called cow/calf, stocker, and 
cow/calf with stocker operations. A cow/calf operation has a brood cow 
herd and the calves produced are sold upon weaning or soon afterwards. The 
calves usually weigh just under 400 pounds. Stocker calves are those that 
have been weaned and are raised to weights between 700 and 800 pounds. If 
there is no brood cow herd, the calves are purchased. The process of 
raising stockers is called “backgrounding.” A cow/calf with stocker 
operation is one which has a brood cow herd and backgrounds their 
offspring and/or purchased calves. The average number of brood cows owned 
by all cow/calf producers surveyed is approximately 102 cows (with a range 
of 14 to 390 head). Mixed operations have 93 COWS (ranging from 14 to 350 
head) compared to livestock only operations with average inventories of 
111 cows (ranging from 15 to 390 head). Thus, livestock only operations 
have approximately 20 percent more breeding stock than mixed operations.  

 
Focusing on those operations that stocker, the average number of 

stocker calves produced annually by mixed operations with stockers (either 
raised and/or purchased) are greater, on average, than livestock only 
operations. Mixed stocker operations produce an average 353 head (ranging 
from 35 to 896 head) versus 314 head (ranging from 180 to 470) from 
livestock only stocker operations. If the largest herd is excluded, the 
average of the mixed stocker operations drops to 275 head. The average for 
all who produce stockers is 342 head (range of 35 to 896 head). Although 
stocker operations are clearly bigger than cow/calf operations in this 
sample (as in the Southeast U.S.), cow/calf operations outnumber cow/calf 
with stocker operations which in turn outnumber stocker only operations, 
for reasons which are discussed next.  
 
USING DECISION TREE MODELS TO DESIGN AND EVALUATE 
TECHNOLOGICAL RECOMMENDATIONS FOR BEEF CATTLE OPERATIONS  
 

The information summarized above was synthesized with information 
gathered in a more informal way, in order to develop hierarchical deci-
sion tree models of the individual producer’s choice of type of opera-
tion, i.e., the cow/calf versus stocker decision. Before this specific 
case is presented, however, a short discussion of hierarchical decision 
models and their use is given by using another, less complex, decision.  
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A hierarchical decision model is a technique to identify and place 
key decision criteria into a logical framework, in order to predict actual 
historical choices of individuals. The criteria (denoted by < >) form 
questions which can be answered by either a yes or a no, each response 
leading to a different path or branch. The goals or reasons motivating the 
decision comprise the first level of criteria. Usually only one reason or 
goal is necessary to move on to the constraints, all of which much be 
passed, in order to do the activity in question. The constraints form the 
second level of criteria. Each branch ultimately leads to an outcome or 
choice (denoted by  ) 

 
How do producers perceive their situation? What do they believe to 

be their most important problems, and what are the constraints, from the 
producers' point of view, to overcoming them? The answer to these and 
related questions are important for the design of successful programs and 
projects which are intended to assist the producer. One methodology which 
lends itself to answering these questions is the one used for the present 
study. The draft questionnaire was designed only after some time was spent 
with the producers learning their "language" and gaining an appreciation 
for their production systems and problems. After some revision of the 
questionnaire, a somewhat formal, open-ended questionnaire which asked 
questions about management practices was administered. Thus insight was 
gained as to how producers make decisions and what they “key” on. Such 
insight is useful not only to policy makers, but also to those who design 
programs and projects and those who attempt to evaluate the effectiveness 
of same.  
 
THE DECISION TO ADOPT CONTROLLED BREEDING  
 

One of the elements of the IFAS beef "package" for cow/calf opera-
tions is the use of so-called controlled breeding, i.e., a limited 
breeding season of 3-4 months instead of 6-7 months duration. This is a 
key recommendation upon which efficient exploitation of other recommen-
dations depend. For example, implantation of growth stimulants depend upon 
a short, predictable calving season. Yet a large minority of producers do 
not impose a limited breeding season on their herds, perhaps dooming the 
entire IFAS "package" to failure or at least to only limited success. Why 
don't farmers use this basic management tool? If the reasons were known, 
could anything be done to improve the situation? The answer to the latter 
question depends, of course, upon the reasons for non-adoption. It is 
exactly in this type of problem area where the methodology of HDM's 
excels.  

 
A decision tree for the imposition of controlled breeding on a brood 

cow herd is presented in Figure 1. Each of the criteria is a factor 
mentioned by the producers. Indeed, of the 10 producers who could have 
used a controlled breeding program but didn't, five stated that they were 
satisfied with the present calving rate and saw no need to improve it. 
According to another farmer, controlled breeding would not improve the 
calving rate. Two producers stated that they did not have enough pasture 
to separate bulls and cows. One producer wanted  
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more consistent cash income throughout the year, while one did not have 
the know-how to impose controlled breeding.  
 

Upon reading the decision tree in Figure 1, Collinson's "points of 
leverage" can be found amongst the reasons for and constraints against 
imposing controlled breeding. Analysis indicates where further work needs 
to be done to remove obstacles to more widespread use of con-trolled 
breeding. It can also be determined whether more resources need to be 
devoted to technology generation by the FSR/E subteam or infrastructural 
change by the FSIP subteam.  

 
Examples from the decision to impose controlled breeding show this. 

If farmers are not satisfied with their calving rate and are not sure 
whether or not controlled breeding would improve the situation, an FSR/E 
program could be set up to experiment with calving rates. As regards 
constraints, some producers said that they do not have enough pasture to 
keep bulls separate from cows, the basic requirement of controlled 
breeding. Both FSR/E and FSIP type activities could improve the situation. 
FSR/E activities could aid in research to make pastures more productive. 
Research can be conducted to determine optimum pasture carrying 
capacities, in terms of pounds of calf sold, when bulls are kept 
separately from cows. A possible FSIP-related activity is a pro-gram to 
assist farmers In pasture rental. Another possibility is a bull-rental 
program whereby a research center or institution rents bulls to farmers 
for 90 day periods. Such a program already exists In Alabama and is being 
run by the Tuskeegee Institute. Presently a request for such a project on 
a limited scale has been presented to Heifer Project International by 
Florida A&M University. Obviously, FSR/E and FSIP activities are 
complementary: an FSR/E effort coupled with a Tuskeegee Institute type 
program could be made to test whether conversion from open breeding to 
controlled breeding over a three to four year period would or would not 
result in an appreciable loss in calf crop.  
 
THE COW/CALF VS. STOCKER DECISION  
 

In Florida as in other Southeastern states, raising stockers is 
potentially more profitable than owning a cow/calf herd (Ross et al., 
1983). Yet more producers have cow/calf herds than stockers. Obviously, 
from these producers' point of view, there are disadvantages and/or 
constraints to owning a stocker operation. These are represented by the 
first criterion and the criteria on the left hand path of the tree. Again, 
these criteria, as well as those on the right hand side, can be viewed as 
leverage points capable of being manipulated by the FSR&D teams, in order 
to Increase the number of stocker operations in N. Florida.  

 
The first criterion or leverage point is scale of operation, a 

barrier to entry to backgrounding stockers (Criterion 1). Scale is 
important because returns per animal are low and marketing costs per 
animal. especially hauling animals to and from the farm, are greater, the 
fewer the animals. Several farmers claimed that hauling fees with less 
than half a truckload of animals (i.e., 25-30 animals) are exces- 
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sive. The size requirement is translated into a capital constraint by 
farmers because a sufficiently large number of calves must be purchased 
for a stocker operation to be profitable.  
 

There is another, perhaps more critical, reason that scale of 
operation is important. Backgrounding feeder cattle is an intermediate 
step in the production of high quality beef. The next step in the 
production process is intensive feeding of the animals in a confined 
feedlot. Current production practices in feedlots call for lots of 
uniformly-sized feeder cattle numbering approximately 40. A back-grounding 
operation is expected to market lots of 40 uniformly-sized cattle. A small 
producer may find it impossible to produce 40 uniformly sized cattle. If 
so, he will probably face a price discount, reducing the profitability of 
the backgrounding operation.  

 
There are several things that can be done by an FSIP team to alle-

viate the problem of scale. Through institutional programs, special loans 
can be made available to producers who would be willing to background if 
they had the capital to purchase sufficient numbers of calves. 
Furthermore, a program of cooperative purchase of stockers €or 
backgrounding and their eventual sale as feeder calves could be developed. 
Alternately a more formal cooperative situation could be devised.  

 
The services provided by the cooperative could take several forms, 

but the most important would be to serve as a clearinghouse of informa-
tion to allow assembly of uniform lots of weaned feeder cattle. Farmers 
with excess land willing to produce high quality forage and others with 
feeder cattle presently not able to break the size barrier alone could be 
matched. The forage producer would take possession of the animals but 
ownership would not change. The forage producer would be paid based on 
pounds of weight gain. At the end of the backgrounding period the 
cooperative could serve as a bargaining agent for the sale of the cattle 
to feedlots. The cooperative could also assist in the acquisition of 
sufficient capital, supply of inputs such as fertilizer, seed, and feed 
supplement, and in the maintenance of a staff of veterinarians, 
agronomists, and other specialists to provide technical know-how. Clearly, 
the development of cooperatives and the establishment of special loans 
fall under the realm of FSIP.  

 
The production of high quality winter forage is another critical 

aspect of backgrounding (Criterion 8). It is here that the FSR/E team has 
an important role to play since no policy can change this technical 
requirement. At present, for example, the North Florida Farming Systems 
Project is working with beef producers to establish perennial peanut 
pastures. These pastures are being over-seeded with wheat or rye for 
winter grazing (North Florida Farming Systems Team, 1983). By developing 
more flexible feed and forage subsystems, FSR/E can be instrumental in 
mitigating the production risks (Criteria 6A and 6B) and increasing the 
profitability of holding stockers. Reducing the production risks of 
stockers is important because farmers testify that the risks of stockers 
are greater than those of a cow/calf operation. The greater riskiness of 
stockers is due not only to the greater fluctuation  
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in stocker prices than weanling prices but also to the dependence of 
stocker weight gain--the critical factor in a successful backgrounding 
program--on variable weather conditions.  
 

There are other reasons besides scale, risk, and availability of 
winter pasture which inhibit or prevent producers from running stocker 
operations. A producer must know how to run a successful backgrounding 
operation (Criterion 7). Most producers, especially those from a farm 
background. have a reasonable understanding of animal health and nutri-
tion needs. Producers who originally lack this knowledge can obtain it 
easily from a number of sources. Marketing know how is another matter. 
There are two marketing aspects related to the management of a stocker 
herd. First, the right kind of animal must be purchased; and second, the 
animal must be sold. The former is critical as animals that will gain 
weight efficiently are keys to success. The ability to purchase such 
animals has been described as a learned art which is not just "picked-up." 
Being able to produce an adequate supply of temporary winter pasture 
(Criterion 8) is also critical. If a producer has a winter backgrounding 
program he must be able to produce such pasture in a timely fashion in 
order to get good weight gains. Thus the producer must ask himself whether 
he has enough time, the proper machinery and equipment, and the know-how 
to plant combinations of rye, ryegrass, oats and clover. If he can't do 
so, he should not do winter backgrounding.  

 
Traded-off against these disadvantages of a stocker operation, 

however, are the advantages of greater profitability and greater 
flexibility. The stocker operator can change the size of his herd, 
depending on anticipated market conditions, and available time and 
pasture, depending on cash cropping decisions. The cow/calf operator, 
however, invests a good deal of tine and management in his breeding 
program, trying to develop a brood cow herd that does well under the 
conditions on his farm. He is therefore reluctant to sell-off part of his 
breeding stock in a bad year and decrease herd size, unlike the stocker 
operator. Similarly, increasing herd size in the short run is also more 
difficult for the cow/calf operator, because finding the "right" brood 
cows or raising own heifers of good quality is a long-run proposition.  

 
If a producer has none of the above motivations to run a stocker 

operation or if he cannot meet the requirements of such an operation, he 
should not background calves. In Figure 2, such producers would pass to 
the cow/calf branch (right hand side) of the decision tree.  

 
Like the stocker operation, a cow/calf operation has certain advan-

tages and disadvantages. The major disadvantage is that it is less 
profitable than a stocker operation of sufficient size (e.g.> 25 head). In 
addition, cow/calf operators, more so than stocker operators, justifiably 
believe they will lose money for approximately three years while starting 
up the operation. While heifers mature, management experience is gained, 
and a production system is established, they lose money. In contrast, 
stocker operations lose money maybe for two years while managers gain 
experience and establish a production system. Thus Criteria 3 and 9 ask if 
the producer believes he can sustain such losses until he eventually earns 
a profit.  
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As viewed by the producers interviewed, a cow/calf operation does 
have some advantages. Because brood cows are owned for more than a short 
time while income is generated from their calves, the cows are viewed as a 
form of savings (Criterion 10). They can also serve as collateral on loans 
as well as a source of capital. Another advantage is that the calves can 
be sold at almost any stage in their development, whereas stockers should 
be kept for a certain amount of time until they reach a profitable weight. 
Even under the most constrained situation (i.e., calves are held until 
weaning and controlled breeding is used), calves are available for sale 
during a long three to four month period as compared to a few weeks for 
stockers. Further, the potential sale period of calves when controlled 
breeding is not imposed is approximately twice as long. Thus, there is 
greater potential for more consistent cash income from a cow/calf 
operation (Criterion 12). Cow/calf operations, however, are not 
necessarily profitable. Nor do all producers find the advantages of a 
cow/calf operation to be attractive. Yet some have brood cow herds, 
because they think that beef cattle are the only or least-cost way to use 
the land and not lose their agricultural tax exemption (Criterion 11).  
 
Results and Summary of Research  
 

Results of fitting this model to a first set of farmers in Jeffer-
son County show that only seven of 23 farmers decide to raise stockers; 
whereas 15 farmers decide on a cow/calf herd. (These data match those of 
Table 1 because we had insufficient data on three plantation owners and 
one farmer, of a total of II farmers with stocker herds in Table 1, to put 
their data down the tree in Figure 2). Results thus suggest that limiting 
factors to potentially-profitable backgrounding operations in North 
Florida include:  

 
• scale of operation, or capital to buy a sufficient number of 

calves (Criterion 1)  
 

• know-how to run a stocker operation (Criterion 7), and  
 

• riskiness of a stocker operation (Criterion 6), and  
 

• ability to make enough temporary winter pasture to get good gains 
on stockers (Criterion 8).  

 
In sum, profit-motivated small producers who do not have the cash or 
credit necessary to buy enough calves for backgrounding opt for the less-
risky cow/calf alternative. Producers with enough credit or capital 
accumulated to buy enough stockers will do so only if their cow herd will 
not suffer from competition with stockers for scarce resources such as 
winter pasture. Given these decision criteria, it is understandable that 
the traditional beef cattle production system of the limited resource 
farmer in North Florida is a cow/calf operation without con-trolled 
breeding.  
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CONCLUSION  
 

The case presented shows that an intermediate level of survey 
intensity can be used to discover and analyze the farmers' environment and 
problems as perceived by the farmers themselves. This perspective can be 
analyzed by using hierarchical decision models as a way to identify 
leverage points for FSR&D team intervention. These intervention points can 
be classified into those in which structural factors pre-dominate, 
indicating a greater FSIP effort, and those in which technical factors 
predominate, requiring a greater FSR/E effort. When structural factors are 
critical, FSR&D teams must present policy makers with new policies and 
ideas. For example, increasing pasture productivity by itself is not going 
to cause an increase in backgrounding of stocker calves in North Florida. 
New policies such as "cooperative stocker marketing, would have to be in 
effect before the many small producers who presently have cow/calf herds 
would be able to switch to the potentially more profitable stocker 
operations.  
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{IMPOSE CONTROLLED BREEDING: DON’T} 
 
 

Would More Uniform Calves Improve your Marketing Situation? 
 

yes (3)   no(20) 
 
 

Would Use of Controlled Breeding Improve your Marketing Situation? 
 

yes(10)   no(10) 
 
 

Would Use of Controlled Breeding Enable you to Spend More Time on Other Things? 
 

yes(2)    no(8) 
 
 

Are You Dissatisfied With Present Calving Rate? 
 

yes(3)    no(5) 
 
 

Do You Think Controlled Breeding Would Improve Calving Rate? 
 

yes(2)    no(1) 
 
 

17 cases   
Don’t 

  6 cases 
 
 

Do You Want Cash Income From Beef Operation to be Concentrated in Time? 
 

yes(16)   no(1) 
 
 

Do You Have the Know-How or Willingness to Learn to Impose Controlled Breeding? 
 

yes(15)   no(1) 
 
 

Do You Have Enough Pasture to Keep Bulls Separate? 
 

yes(13)   no(2) 
 
 

Could You Stand Loss in Calf Crop While Converting From Open to Controlled Breeding? 
 

yes(13)   no(0) 
 
 

  
 
  
 
                 

 
    13 cases  4 cases 

 
 

Figure 1. The Decision to Impose Controlled Breeding on a Brood Cow Herd.

Impose 
Controlled 
Breeding 

Don’t 
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{STOCKER OPERATION; COW/CALF OPERATION} 
 

CAN BUY ENOUGH CALVES TO MAKE BACKGROUNDING WORTHWHILE? 1 
 

YES (12) 
 

PROFIT FROM STOCKERS >> 6 2 
THAN PROFIT FROM COW/CALF? 

 
YES(9)   NO(3) 

  
LONG RUN PROFIT   3 
FROM STOCKERS > 0? 

 
YES(3)   NO(0) 

 
FLEXIBILITY OF STOCKERS> 
FLEXIBILITY OF COW/CALF? 4 

      no (6) 
YES(6)   NO(6) 

 
GREATER PROFIT OR LONG 5 
RUN PROFITABILITY WORTH 
LOSS IN FLEXIBILITY? 

 
YES(6)   NO(0) 

 
RISK OF STOCKER OPERATION > 6A 
RISK OF COW/CALF OPERATION?   

 
YES(12)  NO(0) 

 
HAVE STRATEGY TO REDUCE RISK? 6B 

 
YES(11)  NO(1) 

 
HAVE KNOW-HOW OR WILLINGNESS TO LEARN ABOUT STOCKERS? 7 

 
YES(9)   NO(2) 

 
MAKE ENOUGH TEMPORARY WINTER PASTURE? 8 

      YES(7)  NO (2) 
   

 

 
 

NO (11) 
 

LONG RUN PROFIT FROM COW/CALF > 0? 9 

 
YES(14)  NO(2) 

 
COW/CALF ONLY FEASIBLE OPERATION? 11 

 
YES(2)   N0(0) 

 
  

 
ARE BROOD COWS A GOOD FORM OF 
SAVINGS? A LIQUID ASSET? 10 

 
YES(13)  NO(1) 

 
ARE CALVES A CONSISTENT SOURCE OF CASH INCOME? 12 

 
YES(13)   NO(1) 

 
COW/CALF OPERATION RISKY? 13 

 
YES(3) NO(10) 

   
PROFITS OUTWEIGH RISKS OF COW/CALF? 14 

  
YES(3)          NO(1) 

 
COW/CALF ONLY FEASIBLE OPERATION? 11 

 
YES(3)    

    
 
 
 

FIGURE 2. COW/CALF VERSUS STOCKER DECISION. 
 

COW/CALF DON’T RAISE BEEF CATTLE 

DON’T RAISE BEEF CATTLE COW/CALF 

STOCKER 
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IMPORTANCE OF ANIMALS AND FORAGE SOURCES 
WITHIN A RICE CROPPING SYSTEM 
NORTHERN LUZON, PHILIPPINES 

 
Lawrence W. Pauling 
Louis E. Grivetti 

 
INTRODUCTION  
 

Few small farms in the developing world are without domesticated 
animals. These animals play an integral role in the farming system. They 
provide power for agriculture; serve as sources for human food, either as 
meat or dairy products; generate income when leased; produce cash through 
breeding and sale of offspring; provide a mechanism for recycling 
nutrients onto crop land; and sometimes serve as symbols of economic or 
social status. Domesticated animals, thus, are assets in an economic 
sense, assets that produce either immediate or potential revenue. In many 
societies domesticated animals are living "banks", since they can be sold 
in accord with immediate or future family economic decisions.  

 
Most work on cropping systems, however, addresses questions 

associated with improving agricultural production through new technology 
(innovation). In our paper, instead, we will focus on relationships 
between domesticated livestock and edible wild plants, the so-called 
"weeds of agriculture" that serve as forage sources.  

 
We will develop the thesis that understanding interrelationships 

between domesticated animals and wild plants in a cropping system is 
crucial when evaluating whether or not to introduce new agricultural 
technologies to improve and develop the social-economic base of an area or 
region.  

 
Field work for this paper was conducted during 1980-1981 in the 

Cayagan Valley, northern Luzon, Republic of the Philippines. Economic and 
dietary data from this research have appeared elsewhere (Pauling, 1983; 
Pauling and Grivetti, 1983). Field work was conducted in cooperation with 
the International Rice Research Institute (IRRI), at their Solana Multiple 
Cropping Project site.  
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OBJECTIVES  
 

The IRRI goal was to increase food production by identifying 
agricultural cropping systems acceptable to small-scale farmers in the 
Cagayan Valley. Five objectives were developed: 1) design improved 
cropping patterns that could be adapted to local conditions of high 
variation in water and soil conditions; 2) develop management techniques 
to implement these improved patterns; 3) estimate labor and power 
requirements for each alternative pattern; 4) determine and evaluate local 
constraints on resources, then estimate agricultural/economic returns, by 
comparing and contrasting both existing and suggested new patterns, and; 
5) test the feasibility of these new innovations at selected sites beyond 
the immediate study area to broader zones within the Cagayan Valley 
(adapted from Gines and Morris, 1981).  

 
STUDY AREA  
 
Setting  
 

The Cagayan Valley is 150 miles long and lies west of the Sierra 
Madre Mountains and east of the Cordellera Central Mountains (Figure 1). 
The headwaters of the Rio Grande de Cagayan, or Cagayan River, lie to the 
south. Thus, the river descends from the Carabello Sur Mountains, flows 
northward and ultimately drains into the Babuyan Channel and Pacific 
Ocean. Approximately mid-way between the river headwaters and the Pacific 
lies Tuguegaro, capital of Cagayan Province. The study site is located 
eight kilometers northwest of Tuguegaro consisted of three villages 
(barangays), Bangag, Bauan, and Iraga, and their immediate surrounding 
agricultural lands west of the Cagayan River (Figure 2). Administratively, 
these villages lie within Solana Municipality, hence the term Solana 
Multiple Cropping Project.  

 
The study site, characterized by flood plains and river terraces, is 

subject to frequent flooding. Flooding coincides with months of greatest 
rainfall (October and November). Onset of the rainy season normally occurs 
in May and precipitation continues through December with rainfall 
exceeding 200 mm/month at this time. Rainfall declines between December-
January and signals start of a dry season that lasts through April. This 
"dry season" averages rainfall of less than 100 mm/month.  
 
People  
 

Ethnic groups inhabiting the mountains surrounding the Cagayan 
Valley include the Apayao, Gaddang, Ifugao, Kalinga, and Negrito of the 
Cordillera Central Mountains, and the Gaddang, Ilongot, and Negrito of the 
Sierra Madre Mountains (Keesing, 1962). The valley floor is populated by 
lowland cultures including Ibanag, Iginai, Itawi, Yogad, and most recently 
Ilokano. Within the study area village peoples are a mix of lowland 
societies, specifically, Ibanag, Ilokano, and Itawes.  
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FOOD QUEST  
 

Anticipation and prediction of the timing, amount, intensity, and 
duration of precipitation is critical and strongly influences decisions on 
crop scheduling. Farm-households frequently are subject to climatic 
conditions that adversely affect the agricultural system. To meet 
sustained food needs, farm-households engage in seven major food quest 
systems: hunting, gathering, agriculture, horticulture, animal husbandry, 
barter, and cash (Grivetti, 1979).  

 
Food is obtained/produced within the study area at nine distinct 

ecological niches/localities. Of these nine, four are most prominent for 
agricultural and animal husbandry activities (Pauling, 1983). These four 
are situated within two major agricultural zones: 1) Talon, rice fields 
lying south of the villages, and 2) Koman, up-land, mixed-crop fields to 
the north, adjacent to the Cayagan River (Figure 3).  

 
Talon  
 

The geographical/agricultural feature termed talon may be 
characterized as back-river drainage where lowland, rain-dependent rice 
and mung bean are grown. Local farmers recognize two distinct sub-
divisions within the talon, sub-divisions based on perceived soil-moisture 
relationships. The upper talon (parang) is closest to the villages and is 
characterized by alluvial soils and rapid drainage. The lower talon 
(kalayakan), furthest from the villages, is represented by alluvial soils 
characterized by slow drainage. Here, fields are subject to long periods 
of saturation by standing water. Not unexpectedly, the kalayakan has a 
higher probability of crop damage from flooding than the parang. While 
padi-produced rice is the main crop grown throughout the talon, mung bean 
also is present but cultivated only within the better drained parang.  
 
Koman  
 

The koman, also called bangkag, lies north of the villages on river 
terraces adjacent to the Cayagan River. Crops grown on koman soils are 
corn (Zea mays), mung bean (Phaseolus aureus), native bean (Phaseolus 
sp.), peanut (Arachis hypogaea), tobacco (Nicotiana Tabacum), and 
occasionally sweet potatoes (Ipomoea batatas) and sorghum (Sorghum 
bicoloc). Principal crops within the koman (corn, mung, and native bean) 
are either intercropped or monocropped at different elevations depending 
on season. Curiously, the upland crops in the koman are at lower 
elevations than the so-called "lowland crops" grown in the talon.  

 
AGRICULTURAL CHARACTERISTICS  
 

In accommodation with landscape and rainfall variations, Solana 
farmers have adopted an agricultural cycle based on two major cropping 
patterns (Figure 4). These patterns are characterized by their  
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simplicity and use of few material inputs such as fertilizer, herbicides, 
or pesticides. In addition, locally adopted varieties of crops most 
commonly are cultivated. The long maturing characteristics of some of 
these native varieties, especially rice, precludes two rice crops under 
present rain-dependent conditions of the area.  
 
Livestock  
 

Livestock common to the study area consist primarily of chickens, 
swine, and water buffalo, the latter known specifically by the local term, 
carabao (Table 1). Minor domesticated animals include: doves, ducks, 
geese, and horses. Farm size is not related to the number or types of 
animals raised (Acebedo and Church, 1981). Farms of all sizes within the 
study area average two water buffalo, two pigs, and seven to eleven 
chickens/ducks.  

 
This animal population consumes both domesticated crop by-products 

and wild forage. Considering by-products, the most prominent are: rice 
bran, hulls, and straw, as well as corn cobs and stalks.  

 
Our nutritional and ecological data reveal that 31 wild plants are 

present either in the talon or koman (Table 2). Of these, fourteen were 
consumed by humans and five were medicinal plants. Among the 31 species, 
nineteen were sources of fodder; sixteen for water buffalo, nine for 
swine, and four for horses (Pauling and Grivetti, 1983).  

 
These 31 "weeds associated with agriculture" have remained important 

to Solana farmers, whether as human or animal food. Nevertheless, these 
plants are not viewed positively by IRRI scientists: 20 plants were listed 
by IRRI agronomists as "major weeds" that contributed to reduced crop 
yield through mechanisms of competition for soil nutrients, water, and 
sunlight (Table 3). In addition IRRI scientists note that these 
"undesirable weeds of agriculture" serve as hosts for insect pests and 
fungi.  

 
Of the nineteen forage species the most commonly consumed by pigs 

are: Ipomoea aquactica (Balangag/Kangkong) and Ipomoea triloba 
(Causcusipa/Susipang/Marakamote ). Those most commonly consumed by water 
buffalo were: Echinochloa stagnina (Marapagay/Maraamay), Cynodon dactylon 
(Galot-galot/Paggapo), Echinochloas colona (Ducduca-yang/Tapiat), and 
Cyperus cotundus (Barsanga). All these prominent forage sources are 
present within the talon and/or koman. Abundance, however, varies 
seasonally and is highest during the wet months of May-November.  
 
DISCUSSI0N  
 

Before specifically addressing the role of wild plant forage in 
maintaining animal diet within the study area, it is important first to 
document the economic role played by livestock in Solana society. While  
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maize and rice are the most prominent field crops, and lend the illusion 
that crop production is the most important economic activity, field data 
support a different interpretation.  
 

Livestock contribute substantially to farm-household budgets. Data 
collected by the senior author on a weekly basis, using an IRRI farm 
record keeping method, show swine sales are the largest contributor to 
farm-household revenue among all income sources. In contrast, rice, 
considered the major cereal crop of the area, was only fifth in income 
generation, after labor-wages, sale of maize, arid "other non-farm income 
sources."  

 
In addition to cash sales of swine, most other cash income is 

generated by labor-wages. A major component within this category that 
contributes significantly to income is revenue derived by individuals who 
hired-out their water buffalo for agricultural power. Our data, too, 
suggest that sale of animals is a major source of cash, permitting farmers 
to purchase staple foods (maize, rice, and mung bean). Importance of 
animals is also seen when livestock serve as collateral for non-formal 
loans (Pauling, 1983).  

 
Besides contributing significantly to farm-household budgets, 

livestock activities diversify farming operations throughout and within 
the study site. Such diversification spreads financial risk to farm 
households, and insures a more constant food supply.  

 
Having established the importance of livestock within the Solana 

cropping system we will now examine complementary methods used by local 
farmers to feed and maintain the nutritional status of their livestock, 
especially their principal draft animal, the water buffalo.  

 
Potential animal fodder is available from several specific 

ecological niches. The relative importance of different ecological niches 
in maintaining sources for human and animal food is apparent when the 
study site is evaluated, comparing wet and dry seasons (Table 4). During 
the wet season, the upper talon and both the upper and lower koman are 
major sources for wild forage. During the dry season, in contrast, the 
upper talon and upper koman only rarely provide wild forage sources. In 
addition to factors of seasonality, the availability of wild forage is 
specifically affected by crop production practices within the talon and 
koman. Use of wild forage is most valuable and evident during November and 
December. This is best seen before cultivation begins within the upper 
koman and non-flooded areas of the lower koman and the talon is under rice 
cultivation. Forage is also highly valuable to local farmers during the 
early wet season, when it is obtained from non-flooded upper and lower 
koman fields.  

 
The system operating in the study area demonstrates a complementary 

relationship between animal use of wild forage and by-products from 
domesticated plant sources. In essence, wild forage is most needed during 
the period June-December/January. In contrast, by-products  
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predominate as animal feed from February through April/May. There are two 
critical periods in the agricultural cycle when animals are stressed, and 
nutrition must be maintained: late November/December and April/May when 
intensive animal labor is required for field operations. Without the 
complementary wild forage at these times, the nutritional demands on local 
livestock scarcely could be maintained.  
 

Our data suggest that acceptance of new cropping technology by 
farmers in Solana must be measured by economic as well as power 
requirements of the new technology, as they effect the avail-
ability/distribution of wild forage sources. The traditional cropping 
patterns within Solana are compatible and complementary to both crop and 
livestock management requirements. These requirements reflect traditional 
criteria used by residents to alleviate adverse circumstances such as 
drought, flood, arid pest infestation. Under present cropping conditions, 
farmers are able to manage their livestock at levels needed in production, 
or for other agricultural uses (Acebedo and Church: 1981). Consequently, 
if new cropping systems are to be acceptable, consideration of three 
points is necessary: 1) cropping patterns should not severely limit 
sources of wild forage for livestock, particularly for water buffalo in 
the months of November-December, and during April-May, months directly 
preceding plowing and cultivation, 2) cropping patterns should not compete 
with livestock feeding/raising activities, and 3) design of new cropping 
patterns should maintain the complementary nature of the traditional 
system by avoiding conflicting demands for water buffalo power in upland 
and lowland farming activities. We suggest that successful introduction of 
new crops or agricultural technology at the study site, and elsewhere 
within the Cayagan Valley, Luzon, should reflect a balanced view of two 
factors: 1) maintaining dependable crop yields, and 2) if food production 
is to be increased, decisions should not be at the expense of the wild 
forage base.  
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FIGURE 2.  STUDY SITE
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Figure 3 Schematic representation of landscape, cropping systems site, 

Cagayan Valley. (Source: Adopted from Gines and Morris, 1981). 
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FIGURE 4. AGRICULTURAL CYCLE 
 

 
 

(* = Refers to IRRI classifications of talon areas) 
(Source: Adopted from Gines and Morris, 1981) 
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TABLE 1. LIVESTOCK DISTRIBUTION BY FARM SIZE  
 

FARM SIZE1 ANIMALS AVERAGE NUMBER 
PER FARM 

AVERAGE VALUE 
PER HEAD: PESOS 

 
0.50-1.25 
 
 
 

buffalo 
pig 
poultry 

 2 
 2 
 7 

1330 
 181 
   7 

 
1.26-2.50 
 
 
 

buffalo 
pig 
poultry 

 2 
 2 
11 

1609 
 233 
   9 

 
2.51-3.75 
 
 
 

buffalo 
pig 
poultry 

 2 
 2 
 8 

1801 
 261 
   9 

 
3.76-5.00 
 
 
 

buffalo 
pig 
poultry  

 2 
 2 
10 

1621 
 373 
   8 

1. Farm size in hectares 
 
SOURCE: Acebedo and Church (1981). Survey conducted September, 
  1981, in cooperation with 44 IRRI Ag. Econ. Households 
  in Solana. 
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TABLE 2. “WEEDS OF AGRICULTURE” CONSUMED BY HUMANS OR AS FORAGE 
 

LATIN NAME LOCAL NAME 
LOCALITY ANIMAL USE 

TALON KOMAN BUFFALO SWINE HORSE 
 
Achyranthes aspera 

 
ragragadi 

 
- 

 
+ 

 
- 

 
- 

 
- 

Amaranthus gracilis ollay - + - - - 
Amaranthus oleraceus kubay - + - - - 
Amaranth us spinosus nasit/kalunay - + - - - 
Amaranthus viridis kalunsay - + - - - 
Amorpholphallus lampanulatus tiqui - + - - - 
Bambusa sp. rabong - + - - - 
Celosia agentia balunsay - + - - - 
Commelina diffusa kulkulasi + + + + - 
Corchorus sp. saluyot - + - - - 
Cynodon dactylon galot-galot/paggapo + + + + - 
Cyperus rotundus barsanga + + + + + 
Echinocholoa colona ducducayang/tapiat + + + - - 
Echinocholoa stagnina marapangay/maraamay + + + - + 
Eriochloa procera curumbabaket + - + - - 
Euphoxbia heterophylla rumrumsi/malabalngag + + - - - 
Imperata cylindrica gabut/mimi - + + - - 
Ipomoea triloba 
 

Causcusipa/susipang 
  marakamote + + - + - 

Ipomoea aquatic balanqag/kangkong + - + + + 
Ischaemum rugosum maratrigo + - + - - 
Leersia hexandra amqid + + + - + 
Marsilea minuta maramarunggay + + - - - 
Melochia sp. / Corchorus sp. marasaqluyot + + + - - 
Merrema sp. lanut - + + + - 
Mimosa pudica bain bain + + - - - 
Monochoria vaqinalis lapa lapa/maraiton + + + + - 
Paspalum paspaliddes bacbacca + + + - + 
Portulaca oleracia ngalog - + + - - 
Saccharum spontaneum sikal + - + - - 
Scirpus supinus / Cyperus difformis sirao-sirao + + - + - 
Tricholdesma zeylanicum Dila dial/budo budo/helela + + - + - 
       
+ = present 
- = absent TOTALS: 18 27 16 9 4 
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TABLE 3. SPECIES IDENTIFIED AS “MAJOR WEEDS" BY IRRI AGRONOMISTS 
 
TALON: 

LATIN NAME LOCAL NAME 

WITH MUNG BEAN WITH TRANSPLANTED RICE 

PARANG KALAVAKAN PARANG KALAVAKAN 

 
Paspalum panpalodes 

 
bacbaca 

 
XX 

 
XX 

 
XX 

 
XX 

Echinochloa colona bucducayang/tapiat XX XX XX XX 
Cynodon dactylon galot-galot/paggapo XX XX XX XX 
Echinochloa stagnina marapagay/maraammay XX XX XX XX 
Cyperus rotundus barsanga XX XX XX XX 
Scirpus supinus/ Cyperus   
 difformis 

sirao-sirao XX XX XX XX 

Ipomoea aquatica balangag/kangkong -- XX XX XX 
Leersia hexandra amgid -- XX XX XX 
Monochloria vaginalis lapa-lapa -- XX XX XX 
Commelina diffusa kulkulasi -- XX -- X 
Merremia sp. lanut X XX -- -- 
Macroptilium lathyroides maracardis X -- XX -- 
Melochia sp./ Corchorus sp. marasaluyot X -- X X 
Ischaemum rugosum maratrigo -- -- XX -- 
Eriochloa 
 

curumbabaket 
 

-- 
 

-- 
 

-- 
 

X 
 

KOMAN:  UPPER LOWER  
 
Leersia hexandra 

 
amgid   

X 
 
X  

Mimosa pudica bain bain  X X  
Macroptilium lathyroides maracardis  X -  
unidentified ragragadi  X -  
unidentified 
 

bakes-bakes 
  X 

 
X 
  

 XX = difficult to control according to farmers 
 X = present according to farmers 
-- = absent according to farmers 
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TABLE 4. POTENTIAL FOOD NICHES 
 

 
 

LOCATION 

FORAGE SOURCES 
SEASON 

WET DRY 
 

Upper-Talon 
 

++ - 

Lower-Talon + + 
 

Upper-Koman 
 

++ - 

Lower-Koman ++ + 
 

Village 
 

- - 

Garden - - 
 

Pangul Creek 
 

- - 

Cagayan River - - 
 

Mountains 
 

+ + 

++ major source 
 + minor source 
 - absent 
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CONFINED VS. NONCONFINED ANIMAL RAISING 
WITHIN THE FARMING SYSTEM 

 
Joseph H. Conrad 

 
Confined, semiconfined and nonconfined relate to animals and space. 

As such, they are practices which are used to manage animals and are 
definite parts of animal production systems. We often refer to a totally 
confined system of poultry or swine production and the people familiar 
with the subject understand what we are implying. However, in this 
presentation confined, semiconfined and nonconfined will be used relative 
to animals and space.  

 
This concept is outlined in Table 1. Confined indicates the animals 

are restrained within definite limits as is frequently done when animals 
are tethered, stalled, penned or housed. Consequently, people are 
responsible for all aspects of feeding and management of the animals.  

 
Semiconfined indicates the animals are confined part of the time. 

This confinement can be part of each 24 hour period or part of the life 
cycle of the animal. Lactating dairy cattle or animals which are herded 
are good illustrations of confinement part of each 24 hours. The people 
responsible determine during which hours the animals are to be confined. 
Lactating dairy cattle can be milked, cooled, fed, bred or receive any 
special treatment during this time. Herded animals' grazing patterns can 
be greatly influenced. Often due to convenience or necessity, animals may 
be herded from 6 a.m. to 6 p.m. (the hottest part of the day) and penned 
the remainder of the day.  

 
Nonconfined or extensive conditions imply the animals are feral, 

they are roaming free, they are being herded or they are within a fenced 
area. Under all of these conditions, the animals have the opportunity to 
move around within relatively large areas and select from the plant 
material that is available.  

 
In Table 1, under Beef Production Systems, the classification used 

to describe beef cattle production as an integral part of major tropical 
agricultural systems has been used (Williamson and Payne, 1978). Sedentary 
subsistence cultivation, with some 46% of the cattle and commercial 
ranching with about 29% of the cattle, can be listed under all three 
categories. This indicates that during some part of their life cycle, 
animals would normally be found under any one of the three practices of 
confined, semiconfined or nonconfined. The same could probably be said for 
the other classifications as well.  
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Fitzhugh and DeBoer (1981) conceptualized stratified ruminant 
production systems as outlined in Table 1. Within the context of physical 
and economic constraints to intensive animal production in developing 
countries, they indicated that most systems, which include a confinement 
stage for ruminants, are stratified systems. The confined or final stage 
may include intensive feeding for a relatively short 90 to 160 day period. 
The majority of the ruminant production time is for breeding and the 
growing of young stock under nonconfined or extensive conditions.  
 
 
CONFINEMENT FEEDING  
 

Complete confinement feeding of swine and poultry have become common 
practice in many parts of the world. This is possible because all of the 
nutritional requirements are known and can be supplied in the proper 
amounts. (NRC, 1976; NRC, 1978; NRC, 1979 and NRC, 1981) Confined feeding 
of growing-finishing pigs has been compared with feeding on good pasture. 
The results of 12 different experiments conducted at six universities with 
a total of 948 hogs are summarized in Table 2. Al: pigs were fed 
nutritionally balanced high energy diets throughout the growing and 
finishing period. These results showed that pigs confined on concrete 
gained 2.8% faster but required 3.1% more feed. These are relatively small 
differences. Restricting feed intake to those on pasture, forcing them to 
eat more pasture or feeding nutritionally unbalanced diets would make the 
differences greater. Also, sows during gestation have more digestive 
capacity and can utilize fibrous feeds better than growing-finishing pigs.  
 
ENERGY UTILIZATION AN D CONFINEMENT  
 

Confined animals have lower energy requirements than nonconfined 
animals. Horizontal movement, vertical movement, time and body weight are 
four factors to consider. A 400 kg steer traveling 3 km and ascending 200 
m in the course of 24 hours would require 15% more energy above its 
fasting metabolism than a confined animal (ARC, 1980). Temperatures above 
or below the thermal neutral zone for the animal in question would also 
increase the energy requirements.  

 
An example of the effect of exercise on pigs fed from 26 kg to 102 

kg is presented in Table 3. An average of four tests with a total of 120 
hogs showed that confined pigs gained 8% faster on 3% less feed than pigs 
that were driven one mile per day (Vestal, 1949). These data indicate that 
pigs in confinement should grow faster on less feed than pigs that are 
allowed to exercise.  
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EFFICIENT FEED UTILIZATION BY ANIMALS  
 

Most feed resources used by animals are fibrous feeds, coarse grains 
and various by-products. The nutritive values of these feeds vary from 
high energy feeds which are 80% digestible to highly lignified materials 
which are nearly indigestible. Many fibrous feed resources designated for 
ruminants are characterized as having nutrient digestibilities below 50% 
and crude proteins below the critical 7% level. Animals consuming these 
low quality feed resources either lose weight or just maintain body 
weight. There are situations with breeding herds and flocks where 
maintenance or some loss of weight are considered good animal husbandry 
practice. However, animal growth, body weight gain, milk production, wool 
growth, reproductive efficiency, etc., are standard indices with which we 
measure animal efficiency. If animals are not producing a positive 
response which can be measured, then what are the returns to the feed 
being fed?  

 
Energetic and proteinaceous feed resources which are used only to 

maintain body weight of growing male animals destined for meat production 
or barren and non-lactating females are completely wasted in terms of the 
production of edible meat and milk! The influence of daily gain on the 
efficiency of protein and energy utilization by cattle weighing 300 kg is 
presented in Table 4. Briefly, this shows that 265 grams of crude protein 
and 34 mega Joules (MJ) of metabolizable energy are required daily for 
just the maintenance of body weight. When the animal is gaining 0.5 kg 
daily, the animal requires 370 grams of crude protein and 48 MJ of 
metabolizable energy. At this rate of gain; only 28% of the crude protein 
and 29% of the metabolizable energy are used for body weight gain. In 
contrast, cattle gaining 1.0 kg daily utilize one-half of their crude 
protein and one-half of their metabolizable energy for body weight gain 
and the other one-half for maintenance of body weight. Herein lies one of 
the basic and fundamental explanations for the often poor feed conversions 
we associate with livestock production throughout the world.  

 
Al though these data are from the Nutrient Requirements of Ruminant 

Livestock (ARC, 1980), it is representative of the published information 
on nutritive requirements of domestic animals. In summary, at zero level 
of performance, 100% of the energy and protein is required for 
maintenance! This phenomenon can take place regardless of environmental 
temperatures (Conrad, 1983). At some optimum levels of performance, at 
least 50% of the energy and protein consumed are used in support of 
liveweight body gains.  
 
POTENTIAL FEE D RESOURCES  
 

World feed resources as metabolizable energy available for ruminants 
have been estimated to be 38% from permanent pasture and meadow forage, 
25% from forage produced on arable land, 23% from crop residues, 8% from 
nonagricultural land forage, 4% from grain and 1% each  
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from oilseeds and agri-industrial by-products Table 7. Comparing 
projections for the year 2000 with 1970 indicates an increase of 18% or 
only an average of 0.6% per annum. The challenge becomes one of improved 
utilization of existing potential feed resources rather than increased 
quantities. During the last two decades there has been an information 
explosion concerning potential feed resources. Research has been 
conducted, review papers written and conference proceedings published on 
potential feed resources. The potential of poor quality crop residues and 
agricultural roughages for animal Seeding was presented by Balch (1977) in 
New Feed Resources, FA0 Animal Production and Health Paper, No. 4. It is 
shown in Table 7 that crop residues constitute about one-fourth of the 
metabolizable energy available for ruminants. Consequently, how to most 
efficiently use these crop residues in our animal production systems 
becomes a major challenge.  
 
ANIMAL PRODUCTION SYSTEMS  
 

Animal production systems are diverse, as shown from the following 
study in the CARDI area as reported by Osuji and Parasram (1982).  
 
Cattle  
 

The main production system used by the small farmer is roadside 
grazing, cut-and-carry, communal grazing, and combinations of these with 
tethering. Animals usually are not housed.  
 
Sheep and Goats  
 

Extensive grazing, tethering, cut-and-carry, communal grazing, and 
the use of crop residues are the main features of sheep production. Goats, 
when kept, are often on the scrublands, as most small farmers recognize 
the incompatibility of goats with the major food crops grown by small 
farmers. Both sheep and goats are housed in small backyard sheds for 
protection from predators and larceny.  
 
Pigs  
 

At least two distinct systems of pig production can be identified. 
Indigenous pigs are allowed to roam and scavenge or are tethered in the 
backyard. Improved breeds are usually confined to concrete floored areas 
where some form of housing is provided. Farm and kitchen residues are 
provided along with an improved feeding program often with agro-industrial 
by-products.  
 
Poultry  
 

A large number of local creole dual-purpose birds are reared in the 
backyard where they scavenge for food. Small fenced areas and small 
chicken coops are provided. Commercial poultry production is on the 
increase.  
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Rabbits  
 

Rabbit production is a backyard operation where they are reared in 
hutches made of cheap, locally available materials.  

 
MIXED FARMING SYSTEMS  
 

Some examples of conducting research in mixed farming systems are 
illustrated in Table 6 (Hart et al., 1982). Within this context emphasis 
is being placed on the maximum utilization of crop residues. Furthermore, 
there is a strong crop-animal interaction. It would be possible to 
delineate each animal component on the basis of confined vs. nonconfined. 
However, the important point is that the animal components are part of a 
mixed farming system and during major periods of time they are either 
confined or semiconfined.  

 
Some interesting results on the attractiveness of arable fodder crop 

systems for smallholder dairy farmers in Kenya was published by Statz, 
(1980). Milk production in Kenya has shifted from large scale dairy farms 
to at present every sixth smallholder keeps grade cows and milk sales are 
responsible for some 17% of the smallholder's total income. Milk 
production takes place mainly with mixed farming systems in the highlands 
where rainfall is in excess of 750 mm. Monetary returns to grazing systems 
are low compared to cropping systems. Replacing the grazing system with 
arable fodder crops like Napier grass and corn has changed the feeding 
system to a cut-and-carry system known as zero grazing or a combination of 
the two. Under these systems, animals are confined at least part of the 
time in stalls or feed lots.  

 
Information based on 230 member farms who participated in the Small 

Holder Dairy Enterprise Recording Scheme in Kenya is summarized in Table 
7. These results imply that the adoption of arable fodder crop production 
systems is highly attractive for small scale producers where available 
land is a limiting factor and labor is available. For the majority of 
small scale dairy farmers the semi-zero (semi-confinement) grazing system 
may be more relevant than zero grazing systems. This is because zero 
grazing systems require high farm inputs as well as high levels of 
management.  
 
TREATMENT AND UTILIZATION OF FEED RESOURCES  
 

Physical treatments for low quality feeds include grinding, drying 
soaking, pelleting, high pressure, high temperature, steam and 
percolation. Grinding of low quality by-products may actually decrease 
digestibility but increase voluntary intake and live weight gain because 
of increased rate of passage. Physical treatments are most valuable as 
first stage treatment processes in conjunction with chemical or bio-
logical treatment or in the preparation of formulated rations for 
ruminants. Chemical treatments include sodium hydroxide, calcium  
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hydroxide, aqueous and anhydrous ammonia, urea and various acids. Although 
many of these treatments have been shown to markedly increase 
digestibility and voluntary intake, they have some serious limitations, 
among which are cost, difficulties in handling and application, health 
hazards and toxic residues. Microbiological treatments include ensiling 
and fermentation. These can range from ensiling by-products in combination 
with molasses, urea and alkali treatments to the use of various 
combinations of microbial cultures (bacteria, yeast and molds) to aid in 
the biodegradation of low quality by-products (Shah and Muller, 1982). 
Research and field trials have shown that various physical, chemical and 
microbiological treatment methods can be used to improve the nutritive 
value of by-products.  

 
Treatment and utilization of by-products are applicable in at least 

three types of livestock feeding systems. These could be commercial scale 
feed mills, large-scale production units and small-scale production units. 
In reviewing the current status of this subject, it becomes apparent that 
much research progress had truly been made. In attempting to evaluate the 
adoption or potential adoption of this technology, many animal scientists 
have expressed deep concern. This point was emphasized in a recent paper 
"An Overview of Animal Nutrition Research Methods Employed in the 
Evaluation of By-Products for use in Animal Feeding" by B. Kiflewahid 
(1982). The treatment methods used for upgrading the quality of by-
products and the research approach need to consider the potentiality of 
adoption of this technology by the producer. Whereas preliminary basic 
off-farm station experimentation is essential for testing the feasibility 
of utilizing these approaches, the ultimate testing of these methodologies 
has to be conducted on-farm at the user's level.  
 
ENSILING  
 

Numerous reviews and papers have been published on ensiling animal 
wastes. Ensiling is a controlled anaerobic fermentation process during 
which carbohydrates in the mixture are converted to lactic and other 
acids. Once sufficient acids are produced, bacterial action ceases and the 
ensilage is then stable. Heat is generated during the process and the 
internal temperature will rise to at least 25° C (77° F). Processing 
animal wastes by ensiling is relatively economical under many conditions. 
It also has the advantages that the process makes the waste mixture more 
palatable and reduces the hazards from certain potentially pathogenic 
organisms. Some papers on the subject are Arndt et al. (1979); Fontenot 
and Jurubescu, (1980); NRC (1983); Smith and Wheeler (1979).  

 
Anthony (1971) reported on the feasibility of mixing 57 parts of 

cattle manure with 43 parts of grass hay to produce an ensiled mixture 
termed wastelage. Harmon et al. (1975) found that the addition of broiler 
litter to corn forage at 15, 30 or 45 percent of dry matter increased the 
crude protein of the silage from 8 up to about 18% dry  

 



 779 

matter basis. The nutritional and economical values of animal wastes for 
ruminants have been shown to be comparable to conventional feedstuffs with 
similar compositions.  
 

A recent example of the value of ensiling various combinations of 
material was reported by Jayasyriya et al. (1983) Diets containing rice 
straw ensiled with 4 to 5% urea solution can increase body weight gain and 
milk production in both cattle and buffalo. The method is practical and 
suitable for small farmers in many countries. Ensiling soybean powder as a 
source of unease to speed the production reduced the ensiling time from 3 
to 4 weeks to 2 to 4 days. Subsequently, a cheaper source of urease from 
Gliricidia maculata, a green forage legume, produced satisfactory results.  

 
USE OF BY-PRODUCTS FOR FEEDING BALI CATTLE  
 

Results of some interesting feeding experiments carried out at 
Petang by Nitis (1982) have recently been published. It is located in an 
intensive mixed farming area where the farmer grows cassava and pulses in 
the dry areas, rice in wet areas and coconut or other fruit trees along 
the edges of the fields. Local cattle, raised by traditional methods, were 
fed whatever green feed was available. During the experiment, green 
roughage consisted of 77% natural grasses and 23% broad-leafed species. 
This served as the control diet (A) and is shown in Table 8 along with the 
experimental diets containing by-products. The concentrate copra meal, 
rice bran and cassava chips were bought in bulk. Hen manure was collected 
daily from hens fed commercial diets.  

 
Results of the study after 68 weeks are shown in Table 9. Cattle fed 

roughage alone gained the slowest followed by those supplemented with 30% 
cassava; both of these lost money. The most profit was made with the 
treatment which combined 10% hen manure and 20% rice bran with the locally 
available roughage. This indicates reasonable gains can be obtained and a 
good profit made from the proper use of by-products.  
 
AMMONIATION WITH UREA  
 

Ammoniation of straw and various poor quality roughages has been 
shown to increase dry matter digestibility 10 to 15% and a 50 to 100% 
increase in dry matter intake. Treatment with ammonia has some definite 
advantages over sodium or calcium hydroxide treatment. Ammonia bound to 
the straw during treatment serves as a source of nitrogen for microbial 
protein synthesis in the rumen. Ammonia is a good fungicide and can serve 
as a preservative. It can be recycled and serve as a plant nutrient, and 
the excess ammonia evaporates.  
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A summary of several studies on the treatment of both rice and wheat 
straw is shown in Table 10 (Saadullah et al., 1981). In these studies 
straw treated with urea as a source of ammonia increased dry matter 
digestibility 10 to 17% and increased dry matter intake 37 to 93%.  

 
Results of on farm trials involving the feeding of urea treated 

straw to calves in Bangladesh are reported in Table 11. In these trials, 
dry matter digestibility was increased 20% and the nitrogen content of the 
straw 160% (Agarival and Verma, 1982). This indicates the protein content 
was increased from 3% up to 8%. Average daily gains were increased from 
0.12 kg/day up to 0.26 kg/day, an increase of 116%. A mineral mixture 
alone resulted in only a 42% increase in daily gains.  
 
MINIMAL AND TIMELY INPUTS  
 

Since 1974, the University of Florida, with a grant from the United 
States Agency for International Development, has been engaged in 
cooperative mineral research with animal scientists in institutions in 
Latin America, Africa and Southeast Asia. The purpose of this research is 
to locate mineral deficiencies or excesses for grazing ruminants by the 
use of a systematic mapping technique which analyzes plant-and animal 
tissues and by observing the biological response from mineral supplements.  

 
In the Latin American Tables of Feed Composition, the percentage of 

the forage samples deficient in these elements were: cobalt, 43%; copper, 
47%; magnesium, 35%; phosphorus, 73%; sodium, 60%; and zinc, 75%. Research 
conducted since then has continued to reconfirm serious mineral 
deficiencies in grazing ruminants throughout most tropical regions. This 
is because tropical forages are deficient in minerals as indicated above 
and grazing ruminants often do not receive mineral supplementation except 
for common salt and must depend almost exclusively upon forages for their 
requirements.  

 
Major contributions of mineral supplementation are: (1) increase 

calving percentage by 20 to more than 100%; (2) increase rate of gain from 
10 to 25% and (3) to significantly reduce mortality (McDowell and Conrad, 
1977). Increased reproductive performance due to mineral supplementation 
is illustrated in Table 12 for 16 locations in Latin America, Africa and 
Asia. Averaging the 16 reports together resulted in a mean calving 
percentage of 52.9% for animals receiving only salt versus 75.6% for those 
receiving salt, phosphorus and additional minerals. There are some 
locations where mineral deficiencies are sufficiently limiting that 
animals will not survive without mineral supplementation. The cost:benefit 
ratio of recent mineral supplementation trials in Brazil have been shown 
to be 1:26 (Sousa et al., 1983). Mineral research in the Colombian llanos 
indicates a number of  
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macro- and micromineral deficiencies which affect reproduction, rate 
of gain and even death loss. Using research results from a herd systems 
approach, the cost:benefit ratio has been shown to be 1:15 in this region 
(Miles and McDowell, 1983).  

 
Some dramatic results have also been reported with mineral supple-

mentation of animals in confinement. The performance of sheep and goats 
offered Leucaena leucocephala as a sole diet at Bogor, Indonesia, had been 
poorer than expected based on measurements such as digestibility and feed 
intake. The sodium content of leucaena is generally less than 0.01% and 
the requirement for sheep is 0.04 to 0.10% of the dry matter or 0.5 to 1.0 
grams per day. The results of an experiment to study the effect of mineral 
supplementation on Javanese thin-tailed sheep fed Leucaena leucocephala is 
shown in Table 13. Treatments were (1) leucaena ad libitum, (2) leucaena 
ad libitum mixed with salt and trace mineral supplement at 5 g/kg fresh 
weight and (3) pelleted diet containing 50% elephant grass (Pennisetum 
purpureum) 40% concentrate, and 10% fish meal. The salt and trace mineral 
mixture contained 0.002% cobalt, 0.05% copper, 7.36% calcium carbonate, 
0.005% iodine, 0.25% iron, 0.04% manganese, 0.01% molybdenum, 90.0% sodium 
chloride, 0.001% selenium, 0.36% sulfur and 0.40% zinc. The salt + trace 
mineral supplementation improved liveweight gain 115%, dry matter intake 
33% and feed per unit of gain 33% (Yates, 1983).  

 
Many factors affect mineral requirements, but they are highly 

dependent on the level of productivity of the animal. Response to mineral 
supplementation is greatly dependent on rate of gain and quantity of milk 
produced. Improved practices that lead to improved milk production and 
growth rates will necessitate more attention to mineral nutrition.  

 
Tropical forages contain less minerals during the dry season, but 

the greatest response to mineral supplementation has been shown to be 
during the wet season. During the wet season, livestock gain weight 
rapidly since energy and protein supplies are adequate and thus mineral 
requirements are high. During the dry season, inadequate protein and 
energy result in animals growing slower or losing weight which markedly 
lowers mineral requirements.  
 
VISUAL OBSERVATION OF THE RESPONSE  
 

One needs to be able to visually observe the animal response from an 
introduced new technology in question. This has been emphasized to me 
numerous times by experienced field personnel and international graduate 
students. If it is necessary to weigh the animals to determine the 
response, forget it. An excellent example of this phenomenon is shown in 
Table 14. On the basis of a questionnaire survey, farmers responded to 
what they observed after feeding urea treated rice straw to cattle and 
buffalo. The responses were highly positive with 85% indicating that feed 
consumption increased and 72% that feed refusals  
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decreased. Sixty-two percent thought growth rate increased, 81% indicated 
an increase in milk production, while 95% thought that general health 
improved (Agarival and Verma, 1982). With this magnitude of response, it 
is apparent that factors other than visual observation of the response 
will limit the adoption of this practice.  
 
SUMMARY  
 

Confined, semiconfined and nonconfined relate to animals and space. 
They are practices which are used to manage animals and are well defined 
parts of animal production systems. All three of these management 
practices are widely used. Ruminant animals tend to be produced more under 
nonconfined conditions, whereas non-ruminants would more likely be 
produced under confined conditions. However, the management of the farming 
system decides which practice to use and when. Animals can be readily 
adapted to a practice or combination.  

 
Available information indicates nonruminants obtain relatively few 

nutrients from pasture, whereas, ruminants can obtain nearly all of the 
nutrients from pasture. Nutritional requirements of all domestic animals 
are known in sufficient detail that appropriate feeding programs can be 
developed for animals regardless of the confinement practice followed.  
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Table 1. Confined, Semiconfined and Nonconfined 
 

 
* Indicates percentage of the total numbers of cattle reared in the major 

topical agricultural system. 

Animal and Space 
Beef Production Systems 
(Williamson and Payne, 

1978) 

Stratified Ruminant 
Production Systems 

(Fitzhugh and DeBoer, 
1981) 

A. Confined (to 
 restrain within 
 limits)  
Tethered  
Chicken Coops  
Pig pens  
Cattle lots  
Corrals  
Dirt lots  
Concrete floored 
 pens  
Open sided 
Temperature 
 controlled 

A. Confined  
Sedentary 
 subsistence 
 cultivation 
 (46%)*  
Commercial ranching 
 (29%) 

A. Confined (finishing 
 during final 
 stages)  
Tethering  
Cut-and-carry  
Stall feeding Feedlots 

 
B. Semiconfined (part 

 of the time) 
Solar radiation 
Temperature 
Protection (theft or 
 crops)  
Management function 
 Breeding  
 Feeding  
 Milking  
 Weaning 

 
B. Semiconfined 

Migratory shifting 
 cultivation (1%) 
Sedentary shifting 
 cultivation (5%) 
Sedentary 
 subsistence 
 cultivation (46%) 
Transhumance (10%) 
Commercial ranching 
 (29%) 

 
B. Semiconfined  

As part of a crop-
 livestock 
 production system 

 
C. Nonconfined or 

 Extensive 
 conditions  
Feral  
Roaming free  
Herding  
Fenced 

 
C. Nonconfined 

Sedentary 
subsistence 
 cultivation (46%) 
Nomadic herding (5%) 
Transhumance (10%) 
Commercial ranching 
 (29%) 

 
C. Nonconfined or 

 Extensive 
 conditions 
 (Breeding, cow-
 calf, growing) 
Stratification of  
  grazing  
  systems 
 Native pastures  
  for   
  maintenance
 Improved pastures 
  for cow-calf 
  and growing 
 Grass-legume  
  pastures for 
  breeding 
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Table 2. Pasture versus Good Drylot Rations for Growing- 
                                      Finishing Pigs (average of 12 tests) 

 
 
 

 
 
 
 
 

Table 3. Exercise versus Confinement of Hogs Fed for Market 
                (average of 4 tests) 

 

Treatment* Exercise to 
102 kg % Difference Confined 

to 102 kg 

 
Total no. of pigs 

 
60   

60 
Avg. initial wt., kg 26.4  26.4 
Avg. daily gain, kg  0.755 8  0.814 
Avg. daily feed, kg  2.92   3.05 
Feed per unit gain  3.86 3  3.75 
Avg. backfat, cm 
 

 4.8 
   5.1 

 
* Exercised pigs were driven one-half mile twice a day. 
Source: Vestal (1949). 

 

Where Fed Concrete % Difference Pasture 

 
Total no. of pigs (all tests) 

 
 474 

  
 474 

Avg. initial weight, kg   17    17 
Avg. daily gain, kg    0.71 2.8    0.69 

Feed per unity gain    3.20 3.1    3.10 
Feed cost per kg gain 
 

$  0.204  $  0.197 

Source: Krider, Conrad and Carroll, 1982 
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Table 4. Influence of Daily Gain on Efficiency of Protein and Energy  
  Utilization of 300 kg Cattle  
 

 
             Total Protein              

 
   Metabolizable Energy    

 
Daily 
Gain 
kg 
 

Requirement 
Daily 
g 

Efficiency 
for gain 

% 

Requirement 
Daily 

Meg Joules 

Efficiency 
for Gain 

% 

 
     0 

 
     265 

 
       0 

 
      34 

 
       0 

     0.25      315       16       40       15 
     0.50      370       28       48       29 
     0.75      435       39       56       39 
     1.00      520       49       67       49 
     1.25      620       57       80       57 
     1.50 
 

     755 
 

      65 
 

      97 
 

      65 
 

Source: ARC, 1980. 

 
 
Table 5. World Feed Resources as Metabolizable Energy Available for  
  Ruminants  
 

 
 
 
Land and type of feed 

 
Metabolizable Energy Available 

 
1970 2000 1970 2000 

billion 
 

Mcal 
 

% of total 
 

 
Permanent pasture and meadow     

 Forage 
 

 4820 
 

 5610 
 

 38 
 

 38 
 

Non agricultural land-     
 Forage 
 

 1019 
 

  719 
 

  8 
 

  5 
 

Arable land     
 Forage  3115  3775  25  26 
 Crop residue  2945  3560  23  24 
 Grain   439   767   4   5 
 Oilseeds 
 

   83 
 

  164 
 

  1 
 

  1 
 

Agri-industrial by-products   128   215   1   1 
  
 Totals 
 

12549 14810 100 100 

Source: The Role of Ruminants in Support of Man, Winrock Inter-national, 
1978. 
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Table 6. Examples of Winrock International Research Projects Involving 
Mixed Farming Systems  

 
 
Crop-Animal Interaction Research 
 

Animal Component Country 

 
1. Crop residue fed to animals; 

manure applied to crops; forage 
crops part of cropping systems 

 
 

Dual-purpose goats, 
cattle, hair sheep 
 

Kenya 
 

2. Crop residue fed to animals 
 

Hair sheep 
 

Trinidad-Tobago 
 

 
3. Enterprise competition 
 
 

Meat goats and hair 
sheep 
 

Brazil, Indonesia 
 

4. Crop residues fed to animals 
 

Dual-purpose goats 
 

Haiti 
 

 
5. Crop residues fed to animals; 

manure applied to crops; forage 
crops part of cropping systems; 
enterprise competition 

 
 

Dual-purpose cattle 
and buffalo; goats 
and sheep 
 

Egypt 
 

Source: Hart et al., 1982. 
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Table 7. Information on Smallholder Dairy Enterprises in Kenya  
 
 
Milk Production Systems Item 
 

Grazing Semi-zero 
Grazing 

Zero 
Grazing 

 
Avg. no. of cows/farm1 

 
    7 

 
     5 

 
     3 

 
Annual milk yield/cow, kg 
 

1,918  2,722  2,548 

Avg. annual milk output per  
  ha of forage land, kg 6,981 10,880 16,987 

 
Forage land/cow per year, ha 
 

    0.53      0.25      0.15 

Concentrate fed/cow/year, kg   175    338    935 
 
Labor requirement/cow, h2 

 
  364    446    487 

Long-term investment Kshs/cow2,3   517  1,299  1,478 
 
Operation costs/cow2,3 Kshs, 
  excl. labor 
 

  558  1,178  1,481 

Source: D. Statz, 1980. 
 
1 Calving rate of 70% 
2 Labor, long term investments and operation costs per cow apply to herd 

size of 3 to 4 cows. 1 US$ = 7.5 kshs. 
3 Includes forage production. 
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Table 8. Percentage Composition and Determined Chemical Constituents of 
the Diets Used in Feeding Bali Cattle at Petang  

 

 
Diet 

A D F G 
 
Roughage 

 
 100 

 
  70 

 
  70 

 
  70 

Copra meal  ---   10  ---  --- 
Rice bran  ---   10  ---  --- 
Cassava chips  ---   10   30  --- 
Hen manure  ---  ---  ---   10 
Crude protein, %    9.70   10.65    7.68   12.79 
ME, kcal/kg 2510 2600 2619 2496 
TDN, % 
 

  69.40 
 

  71.93 
 

  72.40 
 

  69.03 
 

Source: I.M. Nitis, 1982 

 
 
 
 
Table 9. Performance of Cattle, Cost and Return Analysis (Eight cattle per 

treatment of average initial weight 113 kg)  
 

 
 
Diet 
Supplement 

A D F G 

None 
Roughage Only 

10% each 
Copra, Cassava 

Rice Bran 

Cassava 
30% 

Hen Manure, 10% 
Rice Bran, 20% 

 
Liveweight 68 wks, kg 

 
163 

 
294 

 
190 

 
277 

Avg. daily gain, kg   0.10a   0.38b   0.16d   0.34b 
Roughage:concentrate 100/0  55/45  76/24  61/39 
Feed/unit gain, DM  33a  12b  21d  15c 
Feed cost/kg gain 819 662 897 526 
Profit (IDR p/day) 
 

-28 
 

 +7 
 

-61 
 

+53 
 

Source: I.M. Nitis, 1982. 
 
a,b,c,d, Means with different superscripts are different (P < .05). 
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Table 10. Straw Treated with Urea as a Source of Ammonia 
 

 
 
 
 
 
Table 11. On-Farm Trials Involving the Feeding of Urea-Treated Straw in 

Bangladesh  
 

 Diets 

Farm diet 

Farm diet 
+ 

mineral 
mixture 

Farm diet of 
urea-treated 

straw + 
mineral 
mixture 

 
DM digestibility of straw, %, nylon bag 
 

 
32 
 

 
32 
 

 
52 
 

Nitrogen content of straw  0.5  0.5  1.3 
 
Ca content 
 

 0.5  0.5  0.6 

Avg. daily gain, kg 
 

 0.12a 

 
 0.17ab 

 
 0.26a 

 

Source: Agarwal and Verma, 1982. 
 
a Values followed by different superscripts are significant at P < 0.05. 

Testing 
Method 

Level of 
Urea 
% 

Straw 

Digestibility, % Intake 
Increase 

In Dry Matter 
% 

Untreated Treated 

 
In vitro  

 
 5 

 
Rice 

 
35 

 
52 

 
--- 

Nylon bag   4 Wheat 55 65 --- 
In vivo   4 Wheat 42 43a 66 
In vivo   5.3 Wheat 42 54b 37 
In vivo   5.3 Wheat -- 51a 93 
In vivo   5 Rice 41 54a 59 
    52a 42 
    56ac 

 
89 
 

Source: Saadullah et al., 1981. 
 
a Feeding ad libitum. 
b Intake restricted. 
c 10% molasses added at time of feeding. 
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Table 12.  Latin American, African and Asian Studies on Effects of Mineral 
Supplementation on Increased Calving Percentages 

 

Country Control Control + Mineral 
Supplement 

 
Bolivia 
 

167.5 280.8 

Bolivia 73.8 386.4 
 
Brazil 
 

55.0 477.0 

Brazil 49.0 272.0 
 
Brazil 
 

25.6 247.3 

Colombia 50.0 484.0 
 
Panama 
 

62.2 568.8 

Panama 42.0 280.0 
 
Peru 
 

25.0 675.0 

Philippines 57.0 479.0 
 
Philippines 
 

76.0 480-82 

South Africa 51.0 280.0 
 
Thailand 
 

49.0 267.0 

Uruguay 48.0 264.0 
 
Uruguay 
 

86.9 296.4 

Uruguay 
 

27.0 
 

370.0 
 

1 Control animals received only common salt (NaCl). 
2 Bone meal. 
3 Bone Phosphate. 
4 Complete mineral mixture. 
5 Dicalcium phosphate + triple superphosphate. 
6 Diacalcium phosphate + copper sulfate. 
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Table 13. Animal Response from Feeding 5 g Salt Trace Mineral Mixture per 
kg Fresh Leucaena  

 
 Javanese 

thin-tail 
ewes 

Initial 
weight 
kg 

 
Gain 
g/d 

Dry Matter 
g/kg LW 
0.75/d 

Feed/gain 
kg DM/kg 
gain 

 
Leucaena, fresh, ad-lib 
 

4 20.5 40b 63b 15.8 

Leucaena + salt/trace 
 elements, 1.5x 4 21.1 86a 84a 10.5 

 
Pelleted diet: 50% grass 
 40% corn, 10% fish meal 
 

5 21.6 79a 75ab 10.4 

Values with different superscripts are significantly different (P < 0.01). 
Sources: Yates, 1983. Bogor, Indonesia. 

 
 
 
Table 14. Effect of Urea Supplementation on the Performance of Village 

Cattle and Buffaloes in India (based upon answers to a 
questionnaire)  

 

Parameter 
Percentage Distribution of Answers 

Increased Decreased No Change Not Observed 
 
Feed 
consumption 
 

 85.0 5.0 5.0 5.0 

Feed refusals  9.0 71.5 9.5 10.0 
 
Growth rate 
 

 62.0 9.5 18.5 10.0 

Milk production  81.0 0.0 14.0 5.0 
 
General health 
 

Improved (95) Deteriorated (0.0) No Change (5.0)  

NOTE: Values in parentheses are percentage of respondents. 
Source: Agarwal and Verma, 1982. 
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BACKYARD ANIMAL PRODUCTION 
IN THE HUMID TROPICS 

 
John P. Bishop 

 
ROLE OF BACKYARD ANIMALS  
 

Although many small farms in the humid tropics often lack an 
adequate land resource base for grazing ruminant livestock, almost all 
have some backyard animal production. In fact, the importance of backyard 
animals often increases as human population density increases. As human 
population density increases, small-scale limited resource farmers tend to 
place more effort on backyard animal production in order to increase food 
supply and cash income from their farms.  

 
The major comparative role of grazing ruminant livestock is that of 

utilizing land resources of low agricultural potential, while the major 
comparative role of backyard animal production is that of utilizing 
available household labor and surplus on-farm resources. Utilization of 
these resources which commonly have very low or no opportunity costs is 
one of the major functions of backyard animal production.  

 
Backyard animal production does not require heavy manual labor and 

is usually assigned to women and children, who normally have fewer off-
farm employment opportunities. Surplus on-farm feed resources for backyard 
animals are of four types: 1) excess and/or unusual foodcrops, 2) crop 
residues, 3) household refuse, and 4) scavenger feed (e.g., weeds, seeds, 
insects, worms, etc.). The efficiency of backyard animal production lies 
in the fact that it utilizes excess family labor and surplus on-farm feed 
to produce important household income and high quality protein food.  

 
Backyard animals 1) have high nutritional and financial value per 

unit of product marketed as well as high elasticities of demand; 2) often 
serve as living banks of stored capital, increasing in value through time 
similar to that of an interest-earning investment; 3) can provide 
important household income for children's medical and educational needs, a 
ready source of capital for financing on-farm agricultural investments, as 
well as financial and nutritional reserves during periods of adverse 
climatic fluctuations; 4) serve socio-cultural purposes (e.g., bridal 
fees, religious feasts, etc.); 5) can help control crop pests and provide 
high quality organic fertilizer for dooryard gardens. Thus backyard 
animals have multiple roles all of which help to enhance the household's 
survival potential and/or its quality of life.  
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IMPORTANCE OF THE BACKYARD SYSTEM  
 

Non-grazing animal husbandry in the tropics can be divided into two 
distinct production systems: 1) traditional backyard systems with low 
purchased-inputs and low risk, and 2) large-scale intensive systems with 
high purchased-inputs and high risk.  

 
Large-scale intensive production systems, especially those pro-

ducing broilers and eggs, are found throughout the tropics; but they 
represent only a small portion of the total animal industry in most areas. 
It must be emphasized that the large-scale intensive production system has 
hardly affected the small-scale backyard producer in the myriad of 
villages and small farms throughout the tropics, and that countless 
millions of people still depend on backyard production for their supplies 
of meat and eggs.  

 
The largest and most capital-intensive producers may have higher 

productivity levels but also require the most foreign-exchange for 
imported goods, have the highest feed costs per unit produced, and also 
displace the most labor. These intensive production systems are in fact 
"reverse protein factories." Intensive broiler production, for example, 
utilizes approximately three grams of grain protein for every gram of meat 
protein produced.  

 
The large-scale intensive production systems are essentially an 

urban phenomenon, financed by urban capital, mainly benefiting urban-
oriented producers and consumers, and generally sited adjacent to cities 
and larger towns. Large-scale enterprises are generally patterned after 
western models with a high degree of specialization, and most often do not 
grow their own feed. The high technologies and modern breeds required for 
such intensive production are best suited for large-scale production, and 
it would be unwise to apply these on small farms.  

 
The major comparative advantage of the backyard production system 

lies in its production efficiency ---as there are few if any purchased 
inputs, and the gross income received from sale of animals is virtually 
the net income. The increasing costs of energy and purchased feed supplies 
have slowed down the intensification of animal production in most tropical 
countries, and the traditional backyard production system continues to 
have economic validity especially for small-scale producers and 
particularly when minor improvements such as low-cost disease control 
practices are introduced.  

 
This paper has therefore been written to provide information on 

backyard animal production. Domesticated food producing animals in the 
world outnumber the human population, two to one. There are thousands of 
animal species in the world, yet, only a few have been successfully 
domesticated on a permanent basis and none within the last 2000 years. In 
fact, five species (cattle, sheep, goats, chickens, and pigs)  
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comprise over 95% of the world's farm animals and all five1 are found in 
the humid lowland tropics. Of all backyard animals in the tropics, 
however, chickens are by far the most common --- as indeed they are 
worldwide2  
 
ADVANTAGES OF BACKYARD CHICKEN PRODUCTION  
 

The importance of backyard chickens in the production of protein 
food and household income is frequently overlooked3 by leaders and 
promoters of rural development. The small-farm chicken population can be 
increased more rapidly and with less cost than that of other animals. The 
egg is also one of the highest quality and least expensive forms of animal 
protein available at the market place.  

 
Chickens are among the most adaptable domesticated animals, and 

there are few places on the globe where climatic conditions make the 
keeping of a chicken flock impossible. Probably more people are directly 
involved in chicken production throughout the world than in any other 
single agricultural enterprise. Chickens are especially adapted to the 
humid tropics as they were domesticated from wild Asian jungle fowl.  

 
Furthermore, chickens and eggs come in small "packages" and can be 

"stored" in hot climates under local conditions more easily than most 
foods or animal origin. Eggs keep their quality at ambient temperatures, 
without spoilage, for at least ten days to two weeks. Refrigeration is 
also not required for preserving chicken meat, as individual chickens can 
be easily kept alive until slaughtered for consumption. In addition, the 
flavor and color of backyard chickens and eggs are preferred over 
"factory" birds and eggs by buyers in many local markets.  
 
 
 
 
 
 
 
 
                                                                           

1 Water buffaloes and ducks are also in the humid lowland tropics. 
These animal species, however, will not be covered in this paper as they 
comprise less than 3% of all farm animals worldwide and are located 
largely in the Asian wetlands under specialized production systems. Other 
minor species (turkeys, geese, rabbits, etc.) comprise less than 2% of all 
farm animals worldwide and are either not well adapted to the humid 
lowland tropics or have low market demand, and therefore, will not be 
covered in this paper  

 
2 The world's inventory includes 6.5 billion chickens, 1.2 billion 

cattle, 1.1 billion sheep, 0.8 billion pigs, and 0.5 billion goats.  
 
3 In fact, Asian-style aquaculture is often promoted. However, even 

in Asia, poultry production is over 4 times that of inland fish 
production. This is due largely to the high market demand for poultry 
products.  
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Backyard chickens vs. backyard swine. Pigs are frequently found in 
small numbers as backyard animals in most4 areas of the humid tropics. 
Traditional backyard pig producers, however, usually have only enough pigs 
to fully utilize surplus on-farm feed resources and not many more.  

 
The major disadvantage of backyard pigs compared to backyard 

chickens is that pigs are very destructive to the dooryard garden, whereas 
chickens are in fact beneficial (i.e., by consuming weeds, insects, worms, 
etc.). For this reason, pigs most often are tethered or penned which 
greatly reduces the availability of protein-rich scavenger feed. Whereas 
backyard chickens can balance their energy-rich feed (excess and/or 
unusable foodcrops, crop residues, and household refuse) with protein-rich 
scavenger feeds (seeds, insects, and worms), the first limiting nutrient 
for pigs most often becomes protein due to a restriction of scavenger 
feed. This lack of protein can be supplied by feeding supplemental oilseed 
meal. However, this purchased input, when available, can be very expensive 
and backyard producers do not traditionally purchase feed for their 
animals.  

 
The first limiting nutrient for backyard chickens, however, is most 

often energy which can be easily and economically supplied by feeding 
small supplemental amounts of farm-produced cereal grain.5 It is therefore 
much more feasible for backyard producers to expand chicken numbers than 
to expand pig numbers.  

 
Backyard chickens vs. stall-fed ruminants. Small numbers of ruminant 

livestock (cattle, hair sheep, and goats6) are sometimes raised in 
confinement on farms with limited land resources in the humid tropics. 
Stall-fed ruminants can utilize farm-produced forage protein better than 
backyard pigs. The numbers of stall-fed ruminant livestock, however, is 
seriously limited because of the heavy manual labor required to cut-and-
carry large amounts of forage. For this reason, even on very small farms, 
ruminant livestock are most often grazed out during the day and then 
penned in the backyard area at night.  
 
 
 
 
 
                                                                           

4 Except for areas with large Islamic populations and where African 
Swine Fever is enzootic.  

 
5 In fact, grain is generally only fed to chickens on small farms. It 

is almost always more profitable for the farmer to convert his grain into 
eggs than to sell it directly (see following section on local feeds).  

 
6 The milk goat is often suggested as the "ideal" stall-fed ruminant 

for small-scale limited resource farmers. Existing milk goat breeds are 
not, however, well adapted to the humid tropics. In fact, the goats found 
in the humid tropics are meat goats, whereas milk goats are most often 
found in drier and/or mountainous regions of the world where they are 
better adapted than milk cows.  
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STRATEGIC IMPORTANCE OF EGG PROTEIN  
 

The purpose of this section is to show the strategic importance of 
egg protein (especially methionine and cystine) in helping to solve the 
malnutrition problem common to small children in the humid tropics.  

 
Protein malnutrition. Small children between one and three years of 

age are the most vulnerable to protein malnutrition, defined as a low-
protein diet causing irreversible physical and mental retardation. 
Furthermore, weakened by protein malnutrition, their bodies are highly 
susceptible to infectious disease.7  

 
Malnourished children have up to 50% higher incidence of diarrheal 

disease and suffer more severe attacks than well-nourished children. 
Diarrheal diseases are especially critical in that they also inhibit the 
absorption of nutrients, and thereby boost nutritional requirements. 
Diarrheal disease has long been recognized as the major cause of ill 
health and of death among small children in less developed countries 
(LDCs).  

 
In addition, infections further increase the protein requirement 

because of the need to repair tissue damage done by infections. Protein 
malnutrition and repeated infections when combined form the greatest 
hazard to the health of LDC children who live in poverty.  

 
The vicious cycle of protein malnutrition and repeated infection 

ends in fatal infections8 in an estimated 30% of LDC children under the 
age of three. In addition, many children that "survive" this vicious cycle 
still face permanent physical and mental retardation. This vicious cycle 
can be broken only by provision of a diet adequate in protein.  

 
Egg methionine and cystine levels. In the past, protein allowances 

have been expressed in terms of total grams of protein needed. However, as 
knowledge of protein metabolism increases, the trend is now to recommend 
allowances for each essential amino acid rather than total protein. This 
approach is logical as dietary proteins are broken down to their component 
amino acids in the gastro-intestinal tract before absorption into the 
bloodstream.  
 
 
 

 
                                                                                                                                                             

7 Small children between 1 and 3 years of age are most vulnerable to 
protein malnutrition and repeated infections as they: 1) have very high 
protein requirements (1.19g protein per kg body wt per day), 2) no longer 
receive sufficient quantities of breast milk, 3) become fully susceptible 
to childhood diseases from which they were partially immune during early 
life, and 4) become more active and during this age most often receive 
their initial exposure to childhood diseases.  

 
8 Especially from common gastro-intestinal and respiratory disease, 

which in properly nourished children would not be particularly serious.  
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The essential amino acid in shortest supply determines the nutritive 
value of a dietary protein since all amino acids must be present at the 
site of protein synthesis in sufficient quantities for synthesis to occur. 
An equal percentage deficit of any essential amino acid limits protein 
synthesis to a comparable degree. The required pattern for the eight 
essential amino acids is shown in Table 1.  

 
Lysine and the sulfur-containing amino acids (methionine and 

cystine) are the essential amino acids found to be first limiting in most 
LDC foods and diets (FAO/WHO, 1973). Table 2 gives the percent above or 
below the required level for these amino acids in selected energy-rich and 
protein-rich foods produced in the humid tropics. From Table 2, one can 
detect that methionine and cystine deficiencies are extremely critical9 in 
the humid tropics where root crops and grain legumes are the major staple 
foods, and that eggs are especially rich in methionine and cystine.10 In 
fact, one egg can supply over one-third the total protein and over one-
half the methionine/cystine required daily by a child11 between one and 
three years of age!  

 
Eggs are also an easily prepared and highly digestible protein-rich 

food for small children from the age of six months onward. As a first 
priority, eggs should be fed to children in the household that are under 
three years of age. Chicken meat is relished, too, as it is a tasty and 
highly digestible food which is acceptable to most people.  

 
Nutrition plus income. Backyard chicken production is thus ex-

tremely important in helping interrupt the vicious cycle of poverty, 
malnutrition, disease, physical/mental retardation, and continued poverty 
commonly found in low-income LDC households. Not only do eggs provide 
vital amino acids for the health and development of small children, but 
the sale of cull hens and excess roosters provides critical household 
income often used by the mother to cover children's medical and 
educational needs. Therefore, with backyard chicken production, the 
household's nutritional objectives can also be compatible with its 
economic objectives.  

 
Backyard chicken production should, therefore, be encouraged 

whenever possible, even in the small backyard of urban dwellings. The cow 
is often said to be the "mother" of civilization. For the third world 
poor, however, the backyard chicken must be a close relative!  
  
                                                                           

9 In fact, kwashiorkor due to protein deficiency is most common where 
young children are weaned onto cassava. Even though cassava has lower 
quantity and quality protein than most food crops, it is important to note 
that its popularity as a staple food is increasing rapidly in many LDCs as 
it grows better and out produces other food crops on less fertile soils.  

 
10 One should also be aware that cow's milk has a 5% deficiency in 

methionine and cystine.  
 

11 With an average body weight of 12 kg.  
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IMPROVED BACKYARD CHICKEN PRODUCTION  
 

Disease is the greatest single constraint to backyard chicken 
production. The remaining part of this paper, will therefore, concentrate 
on improved disease control practices. Before covering this topic, 
however, some important considerations will be given on local breeds and 
feeds.  

 
Importance of local breeds. Chicks on small farms in the humid 

tropics are most often produced by natural incubation with a broody hen 
setting on a clutch of eggs. Under backyard conditions the hatched chicks 
are also fed, protected, and raised by broody hens of local breeds.  

 
The local chicken breeds found throughout the tropics are, in fact, 

triple-purpose breeds which: 1) hatch and raise chicks, 2) produce meat, 
and 3) lay eggs. For most backyard producers, the first two are more 
important as the sale of live chickens (for meat) is often a primary 
source of household income. As an important but secondary product, the 
farm family can be assured of eggs for better nutrition.  

 
All too often, the drastic introduction of modern "egg-laying" 

breeds has proved inappropriate in small-farm situations. The modern 
breeds are inferior to the hardy and well-adapted local breeds on small 
farms where a less intensive level of feeding and management will remain 
the only economically feasible one for many years to come. The greatest 
danger from the introduction of modern breeds, however, is that modern 
roosters cross indiscriminately with local hens and the resultant crosses 
all too often lack the ability to hatch and raise more chicks which is so 
important for efficient backyard production.  

 
The disadvantages of modern breeds for backyard chicken production 

can be summarized as follows:  
 

--modern breeds to not hatch out their own chicks and thus  
require the purchase of all replacement chicks from  
hatcheries (expensive);  
 
--the raising of hatchery chicks requires special purchased feed as 
well as artificial heat (expensive);  
 
--modern breeds require higher quality feeds for optimum meat and 
egg production (expensive);  
 
--modern breeds require more disease control (expensive); and  
 
--modern egg-laying breeds also require artificial light (14 hours 
light/day) for optimum egg production (expensive).  

 
Local breeds, therefore, are very appropriate for backyard produc-

tion systems and should be maintained for use wherever possible.  
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Productivity with local breeds and feeds. Small-scale farmers 
usually have a few breeding hens and a rooster from which to multiply and 
build up their flock. When there is no initial breeding stock, a broody 
hen and a clutch of eggs are often borrowed from friend or family for a 
few months to produce the first batch of chicks.  

 
With a permanent flock stabilized at twelve adult hens and one 

rooster, a family can easily set one broody hen with a clutch of 10-12 
eggs per month and thus produce (after losses during incubation and 
brooding) at least four replacement chicks each month. A mother hen takes 
approximately four months to incubate and brood her batch of chicks.12 
Therefore, out of a permanent flock of twelve hens, there will be 
approximately four hens incubating and brooding chicks at any one time, 
leaving the remaining eight hens for egg laying.  

 
Backyard chickens are usually able to meet their protein, vitamin, 

and mineral requirements; but are not normally able to obtain sufficient 
energy for adequate egg production. Thus, backyard chickens should be 
given a supplemental feed which is high in energy and low in moisture. 
Cereal grains (e.g., corn) are obviously suitable if they are available. 
With about one pound of corn per day for a flock of twelve hens, the eight 
hens which are in their laying period can be expected to produce an 
average of about four eggs per day. Without any supplemental cereal grain, 
the eight egg-laying hens can be expected to lay an average of only about 
two eggs per day. It is therefore, most often more profitable for the 
farmer to convert his surplus grain into eggs than to sell13 it directly.  
 

The expected productivity of a permanent flock stabilized at twelve 
hens and one rooster receiving one pound of supplemental grain per day can 
be summarized as follows:  
 

--two cull hens and two surplus rooster per month (four replacement 
chicks produced each month); and  

 
--ten dozen eggs per month14 (four eggs per day). 

 
 
 
 
 
 
 
                
 
12 0ne mother hen can produce at least four replacement chicks in four 
months which most often equals or exceeds the value of four months of egg-
laying. The moral of the story is that "broody" hens are not lazy hens!  
 
13 Corn that is marketed is often utilized as an energy feed component in 
large-scale intensive poultry production systems described earlier.  
 
14 This number includes the clutch of eggs needed each month for hatching 
out replacement chicks.  
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This production on a yearly basis can be a substantial supplement to 
the diet and income of LDC households. Most families, however, cannot 
reach these production levels without applying the vital disease control 
practices which follow.  

 
Improved disease control program. Backyard chickens that have been 

vaccinated and treated against common infections and parasites usually 
remain healthy. The greatest emphasis should be on disease prevention, as 
it seldom pays to cure sick birds. Prevention practices should be 
routinely given (every three months) against the following common 
diseases: 
 
Newcastle disease is highly infectious and probably causes more losses 
than any other poultry disease in the tropics. When the Newcastle virus 
strikes, it spreads rapidly through the flock and mortality can reach 
100%. First signs are usually respiratory problems such as gasping, 
coughing, sneezing, and hoarse chirping. A greenish diarrhea may also be 
present. No treatment is known.  
 
The disease can be prevented only by vaccination. The new freeze dried 
vaccines are very stable, inexpensive, and commonly available throughout 
the tropics in one-hundred-dose vials. Once purchased, the freeze dried 
vaccine can remain effective without refrigeration15 for one week if kept 
away from sunlight (this is an extraordinarily stable vaccine -- as most 
other vaccines known require continuous refrigeration). The vaccine can be 
easily administered via the ocular route using an eye dropper. All birds 
(large and small) in a flock should be vaccinated at three month 
intervals.  
 
Internal parasites, especially roundworms and tapeworms, are very common 
in backyard production systems. Internal parasites cause reduced growth, 
lower egg production, and increased susceptibility to other diseases. 
Backyard flocks with heavy parasite infestations have more disease 
outbreaks and suffer more severe attacks than dewormed flocks.  
 
The most widely used product for treatment of both roundworms and 
tapeworms is a three-way combination of piperazine, phenothiazine, and 
butynorate which is commonly available in tablet form for individual oral 
administration (1 tablet for adult birds; 1/2 tablet for chicks). The 
entire flock should be dewormed every three months and this can easily be 
done at the same time as the vaccination against Newcastle disease.  
 
External parasites, especially lice, are also very common in backyard 
flocks. Because lice cause constant and severe irritation of the skin,  
 
 
 
 
 
 
                    
 

15 0nce mixed with liquid, however, the vaccine should be used the 
same day.  



 804 

heavily infested chickens are extremely restless and do not eat or sleep 
normally. This causes poor weight gains and lowered egg production.  
 
A 5% malathion dust applied by means of a shaker (jar with perforated top) 
directly to each bird is the most cost-effective way to control lice in 
small flocks (one pound treats approximately 150 chickens). The treatment 
should be repeated at three month intervals and this can easily be done at 
the same time as vaccination and deworming. Broody hens and their nests 
should also be dusted at the beginning of the incubation period. The 5% 
malathion dust can be easily prepared by mixing one-part 25% malathion 
power (agricultural grade) with four-parts ashes from the cookstove.  
 
Chronic respiratory disease is a common infection of the upper and lower 
respiratory tract and is characterized by tracheal rales,16 coughing and 
nasal discharge. The clinical manifestations are usually slow to develop 
and the disease has a long course. Spread is also slow within the flock 
and mortality is significant only if there are complicating infections. 
Weight gain and egg laying, however, are adversely affected. The 
mycoplasma organism which causes this disease is often spread to remote 
rural areas through chicks from infected hatcheries.  
 
Tylosin is the most effective antibiotic for the control of chronic 
respiratory disease. A single oral dose of 35 mgm of tylosin per bird 
(same dose regardless of size) eliminates most signs and production loss 
from the disease. The entire flock should be treated every three months 
and this can be easily done at the same time as vaccination and deworming. 
Tylosin powder can be purchased in four gram envelopes and can be easily 
administered using a water solution that has a concentration of 35 mgm 
tylosin per medicine dropper (roughly four grams in two cups of water), so 
that one medicine dropper full is the dose given to each bird.  
 

Summary of Disease Control Program. The above disease control 
program reduces the risk of death loss. Furthermore, the increases in 
weight gain and egg production more than pay for the small cost of the 
control program.  

 
No disease control program can prevent all diseases. The strategy of 

the above program is to use widely available, cost-effective control 
measures to prevent losses from four common diseases. With such a disease 
control program, the backyard flock will then be in general improved 
health and better able to withstand most other disease problems without 
major losses.  
 
 
 
 
 
 
 
 
               
 
16 An abnormal rattling or bubbling sound accompanying breathing.  
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Table 1. Required amino acid pattern for humans.  
 

Amino Acid Required Level 

 
 

(mg/g protein) 
 

 Isoleucine 
 

40 
 

 Leucine 
 

70 
 

 Lysine 
 

55 
 

 Methionine + cystine 
 

35 
 

 Phenylalanine + tryrosine 
 

60 
 

 Threonine 
 

40 
 

 Tryptophan 
 

10 
 

 Valine 
 

50 
 

 
Source: FAO/WHO. Energy and Protein Requirements. FAO Food and Nutrition 

Series No. 7. Rome, 1973. 
 



 807 

Table 2. Relative Amounts of Lysine, Methionine and Cystine in Selected 
Foods Produced in the Humid Tropics.  

 
 

 
Food 

 

 
Lysine 

 

 
Methionine + Cystine 

 
 

-------------(% of required level)------------- 
 

 
Cassava 
 

 
-24 -22 

Yams -25 -22 
 
Sweet Potatoes 
 

-37 -21 

 
Cowpeas 
 

+26 
 

-36 

Dry Beans +33 -46 
 
Pigeon Peas 
 

+42 -56 

 
Meat 
 

+63 +14 

Eggs 
 

+28 
 

+65 
 

 
Source: Adapted from FAO. Amino Acid Content of Foods and Biological Data 

on Proteins. Nutritional Studies No. 24. Rome, 1970. 
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NATURE AND FUNCTION OF HOUSEHOLD GARDENS AND BACKYARD 
ANIMALS: GENERAL CONSIDERATIONS WITH EMPHASIS ON PERU 

 
Vera Niñez 

 
I. INTRODUCTION  
 

Development research oriented toward improving food production has 
traditionally concentrated on large to medium-size commercial agricultural 
enterprises. In recent years, emphasis has shifted toward a Farming 
Systems Research approach that focuses on small farmers and their socio-
economic environment. Despite this change of clients, the field 
production-surplus oriented market bias persists. As a result, little 
attention has been given to a universal subsistence food production 
subsystem referred to by Harwood (1979:103) as "farmyard enterprises.” 
These small-scale production units are also known as backyard-, home-, 
kitchen-, or household gardens and encompass both plant and animal 
production in relatively confined areas close to family dwellings.  
 

Since agricultural development projects--including those subscribing 
to the FSR approach--have largely dealt with male farmers and field 
production, this traditionally female-dominated aspect of farming systems 
has gone without major official attention. For many rural--and urban--
households, however, such enterprises represent a crucial day-to-day 
survival strategy in terms of primary food production as well as 
generating small amounts of cash income.  

 
This paper, therefore, represents a first attempt to discuss the 

universal role of household gardens and the related activity of small-
scale animal production and call to the attention of FSR their historical, 
economic, and nutritional importance. Data will be drawn from four zones 
in Peru and examples from other world areas will be cited.  
 
II. HISTORICAL SIGNIFICANCE OF HOUSEHOLD GARDENS AND SMALL ANIMAL  
PRODUCTION  
 

Students of prehistoric agriculture have long pointed to the role of 
garden plots adjacent to the prehistoric huts of sedentary or semi-
sedentary peoples in the domestication of plants and animals. Childe 
(1971) recognizes the progressively purposeful pursuit of experimenting 
with seeds collected by groups of women for family consumption: "Probably, 
at first, cultivation was an incidental activity of the women while their 
lords were engaged in the serious business of the chase" (Childe 1971:19). 
Childe does not specify what the "lords"  
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were chasing but this "serious business" did not always keep their 
families well-fed. All along, "...grains brought home [by women gatherers] 
for processing would be scattered by accident in the areas around the 
houses where human waste and garbage provided ideal growing 
conditions"(Harris 1971:180).  
 

Due to sexual division of labor in hunting and gathering societies, 
women rather than men were in the position to experiment with what they 
collected and take the "...next step of deliberately planting" (Harris 
1971:180), until finally, "...cultivation won the status of an independent 
and ultimately predominant industry" (Childe 1971:19). Garden plots 
continued in their function as experiment stations, a pattern which 
persists until today.  

 
While plant domestication was under way, young animals captured 

during hunting activities were taken to the home site to be cared for by 
women and reared for subsequent consumption and, eventually, breeding. 
Also, entire herds were allowed to pasture on reaped fields and garden 
plots while being slowly controlled and tamed (Childe 1971:15-16). Thus, a 
subsistence pattern of mixed agriculture resulted which has been the most 
typical survival strategy of human groups through the ages. Fields, 
gardens, and animals, along with seasonal gathering of wild species, 
complement each other while providing a sound nutritional base for human 
beings.  

 
Since these humble beginnings, the household garden has played many 

roles in feeding a growing world population. It represents the most 
universal of subsistence strategies for families with economic bases 
ranging from shifting cultivation to highly commercialized agriculture to 
the urban industrial context. The value of household gardens in providing 
entire populations with food and essential nutrients has found ample 
expression in recent history from pre-famine Ireland, the Great 
Depression, to the Victory gardens of World War II down to the present 
economic crisis which seems to have caused a renaissance of home food 
production enterprises in "developed countries" (Gladwin and Butler 1982).  

 
While furnishing much of the food needed for Northern Europe's 

industrial revolution, household gardens have acted as a unique force in 
the dissemination of plant genetic materials around the globe. Still 
today, gardeners experiment with new varieties and exotic species while 
preserving genetic variability by planting specimens considered non-
economical for field production (Johnson 1972:153-157). Information from 
Sri Lanka also points to this function of species dissemination: British 
tea growers introduced a variety of temperate garden vegetables via their 
own colony gardens which ultimately evolved into large-scale commercial 
vegetable growing for the urban market.  

 
The primacy of establishing an area of intense cultivation--a 

garden--close to the family dwelling following a move applies not only to 
European migrants. Migratory peoples around the world, including  
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shifting cultivators, have planted gardens close to the house to insure 
immediate food supply while waiting for their new fields to produce. 
Raffles, in his History of Java (1817), found that  
 

In the first establishment or formation of a village or new 
ground, the intended settlers take care to provide themselves 
with sufficient garden ground around their huts for stock and 
to supply the ordinary wants of their families...the settler 
labors to plant and rear in it those vegetables that may be 
most useful to his family and those shrubs and trees which may 
at once yield him their fruit and their shade. (cited in 
Stoler 1978:85)  

 
Colonists of the Inca era, the mitimaes, who were resettled by “divine 
command" in newly acquired areas,  
 

carried with them their seeds for rapid propagation in their 
new homes. ...even today, when campesinas migrate, they carry 
in their busums grains of corn which they will plant in their 
new homes. (Atùnez de Mayolo 1981:77)  

 
In modern times, campesinas (women peasants) migrate to a Lima slum 

settlement. And although the chances for a functional household garden are 
often slim, the first green to appear in front of the reed-mat housing are 
ä few plants of corn, like symbols of hope for a productive plot of green 
vegetables in the sandy sadness of shanty town.  
 
III. HOUSEHOLD GARDENS AROUND THE WORLD  
 

Gardens represent a vital aspect of farming systems throughout the 
world. They are found in arid regions with irrigated field production, in 
the tropics with permanent and semi-permanent cultivation, in subsistence 
as well as commercial agriculture, and they form the only possibility of 
primary food production in the urban context. Unfortunately, little is 
known cross-culturally about household gardens, their function within 
farming systems, and their economic and nutritional role. Information on 
gardens has to be extracted from writings with other foci that touch on 
garden production only in passing while concentrating on commercial or 
subsistence field crops (a few exceptions exist, e.g. Brierly, J.S. 1976; 
Clark and Clark 1981; Eijnhatten 1971; Stoler 1975, 1978).  

 
In describing the highly diversified semi-permanent farming systems 

of the African savannah south of the Sahara, Ruthenberg (1971) notes that 
located in the center of the village adjacent to permanent houses, one of 
the main features is the "permanent garden with fruit trees and perennial 
crops like banana and papaya...which is either no longer shifted or is 
moved only a short distance at short intervals" (1971:61).  
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Permanent gardens are also cultivated in the hot, humid tropics, 
where they supplement wet rice agriculture as "an important branch of the 
holding...which can become dominant where there is a town in the vicinity 
or where there is marked shortage of land" (Ruthenberg 1971:104). Land is 
a limited resource, especially in areas of high population density like 
Indonesia. Thus, Ochse and Terra (1934) found that on Java "the proportion 
of land allotted to gardens, together with the intensity of their 
cultivation, increases as total amount of crop land per head decreases" 
(cited in Stoler 1978:93). One-fifth of Javan land area under agricultural 
exploitation is made up of plots that are more like gardens than fields 
(Ruthenberg 1971:104). Stoler states that gardens constitute 15 to 75 per 
cent of the cultivated land area (1978:86) while from another densely 
populated Asian nation, Rhoades (1983) reports on a government statistic 
that failed to take into account 4000 hectars of potato production in the 
form of backyard gardens.  

 
Closeness to urban markets has in some world regions stimulated 

household gardens to expand production for market sales (cf. Sri Lanka, 
coastal and highland Peru), thus altering traditional farming systems. An 
inverse process seems to have occurred in Upper Volta where vegetable 
production for urban markets was introduced about 10 years ago and, "...as 
the fresh product has found acceptance in rural centers, there has been 
considerable expansion of areas under cultivation (mimeograph by Walstein 
and Anderson, USAID, n/d. Emphasis added).  

 
Vegetable gardens and small farm animals have always formed a vital 

part of German village economy. Since World War II, German farmers have 
increasingly looked for industrial employment leasing their small holdings 
to a diminishing number of full-time farmers. However, farm women continue 
to plant large gardens and keep small farm animals, up to several milk 
cows, to supplement city income. Also supplementing industrial income are 
the city Germans who lease city land set aside for this purpose 
(Schrebergaerten), as well as health, recreation, aesthetic, and 
therapeutical motives.  

 
City gardening is spreading in North American cities as well. 

Seattle, for example, has a "pea-patch" program which features 
international and communal gardens for food production, utilized above all 
by the most recent immigrants from Southeast Asia. And universities and 
colleges across the US--like the University of Kansas at Lawrence--have 
followed the demands of their students in allocating space for student 
gardens to help make ends meet.  

 
Focusing more closely, one realizes how widely gardens vary in 

physical appearance from one world region and one culture to another. They 
range from the crude beginnings of a tiny spot by the house with five corn 
stalks, a squash plant and an herb or two in a city slum to the highly 
productive, raised-bed gardens of the Chinese. What functions as a 
household garden for a Shipibo Indian appears to a German a mere 
toleration of growth around the hut.  
 



 812 

Indeed, the physical appearance of household gardens is determined 
in large part by the natural ecology and people's attempts to utilize as 
many locally adapted species as possible, on a relatively small extension 
of land and for a multitude of purposes. Geertz (1963) describes the 
"tiered" nature of tropical gardens which imitate the tropical forest as 
opposed to the single-tiered rice fields. Tropical gardens, roughly 
speaking, have a tall canopy of shade trees, followed by fruit trees of 
intermediate height, a yet lower tier of bushy growth, and finally ground-
covering species. Layering is also found in temperate gardens--a fact 
which is usually overlooked--albeit to a less obvious extend. The 
temperate garden features well-spaced trees and bushes along borders 
mainly with ground covering species unshaded. Shading, often a necessity 
in the tropics, is not always desired and could be inhibitive to growth in 
the sun-poor regions of the world.  

 
In relationship to the economic base of a household, two basic types 

of gardens can be recognized:  
 
1) Rural Subsistence Garden.  
 

These gardens exist in conjunction with permanent or shifting field 
production, and supplement field-grown staples with vegetables, herbs, and 
fruit. While the bulk of caloric intake comes from agriculture, garden 
produce provides essential nutrients (vitamins and minerals) and protein 
on a daily basis. Animals are always part of this production system. They 
are fed on kitchen and garden waste, fodder crops, and leaves from shade 
trees. The subsistence garden also yields construction materials, 
firewood, and handicraft materials (cf. also Stoler 1978:89). When a 
farming system becomes highly commercialized, and the wider infrastructure 
is able to provide produce through accessible retail markets, household 
gardens tend to diminish in size and eventually turn into lawns or flower 
gardens.  
 
2) Budget Garden.  
 

Urban: This garden exists in an urban context where, theoretically, 
all family consumption needs can be met by retail markets. Basic staples 
are purchased and wage earning is the major economic activity--or the 
aspired activity--of the household. Animals are not necessarily part of 
this survival scheme but more often than not, animal production is 
attempted on a small scale for full utilization of garden waste and 
marginal areas.  

 
Rural: This type of garden belongs to a household which has its 

economic base in city or rural employment but remains physically located 
in the countryside. Due to this location, farm animals are usually found 
in this production unit.  

 
These gardens are quite versatile and tend to reflect economic 

trends of the nation at large: as jobs are plentiful and well-paying in  
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the urban context, budget gardens tend to change their face from vegetable 
and staple production to that of flower or hobby gardens with the lawn 
areas increasing in size as the productive area decreases. This process 
can be reversed during inflationary periods when job-generated income is 
hard-pressed to meet all household needs.  
 
IV. PROBLEMS OF DEFINITION  
 

In order to define a given plot of cultivated land as garden rather 
than a field or simply a "cultivated plot of land," certain basic 
guidelines need to be established. The problem of definition is greater in 
the rural than in the urban context. In the urban context, a household 
garden is easily distinguished from a flower garden, a pleasure garden, or 
a park by virture of what is produced. In the rural sphere, however, 
variation in land utilization is much greater. How do we classify a small 
field, for example, which is multi-cropped for optimal utilization of 
land, located relatively close to the family dwelling, and shaded by a few 
eucalyptus trees? Or the rock-fenced plot behind a high-alpine Austrian 
summer hut which produces one harvest of potatoes and greens only? The 
field of shifting cultivation systems is referred to in German as 
Wandergarten and shows a wide variety of species, one of the trade-marks 
of gardens. And what about the tiny patch of ground and "wall of squash" 
beside a Sri Lankan home?  

 
Due to tremendous variation world-wide, any definition of household 

gardens has to be based on the major intended use and real function of a 
given piece of land. Figure 1 attempts to isolate the more important 
tendency characteristics of household gardens opposed to tendencies in 
field production.  
 
V. THE FUNCTION OF HOUSEHOLD GARDENS: IMPROVING NUTRITION  
 

The major function of household gardens is to produce food and 
essential nutrients on a day-to-day basis for immediate family 
consumption. Where staple production is a major activity of the 
encompassing farming system, staples produced in gardens may differ in 
kind (e.g. potatoes and corn grown in gardens while grains are produced in 
fields) and/or season (due to crop rotation in field systems, garden-
produced staples may have to "bridge" production gaps). Garden staples are 
also planted to have a constant supply ready at hand for daily kitchen 
needs. Garden production of staples in urban contexts serves to supplement 
market-derived products and represents a sure supply, however small, for 
the family to fall back on. The largest single area of household gardens 
is typically given to staples; cassava, sweet potato, and corn predominate 
in tropical and subtropical regions, corn and potatoes in temperate 
climates.  

 
Although calorie-wise, staples rate highest, it is the nutritional 

value of leafy and leguminous vegetables which makes household gardens an 
invaluable companion to field agriculture and city wage earning. Not  
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only are leafy vegetables "...excellent sources of vitamins, particularly 
niacin, riboflavin, thiamine, ...vitamins A and C, ...as well as calcium 
and iron...", but the vital role of leaf additions in achieving a more 
favorable vegetable protein balance in meat-poor grain-based diets is 
shown for the Central American region by Bressani (1983:12). In rural 
Guatemala, "...a common food ... is lime-treated maize dough in the shape 
of a ball containing chipilin (Crotalaria longirostrata) which ... 
contains a high amount of lysine, the amino acid limiting maize protein 
quality (Bressani 1983:13).  
 

A nutritional rating of seven vegetables consumed in Guatemala lists 
Crotalaria highest in protein content (ibid.). Another testimony on the 
high nutritive value of native vegetables comes from the Peruvian 
highlands. Atùnez de Mayolo cites the case of cushuru (scientific name not 
given), an Andean species which  
 

...in fresh state contains 92 per cent water; upon 
dehydration, this is reduced to 15 per cent of moisture, and 
its caloric content of 25 Kcal increases to 248 Kcal with 29% 
protein, 46% carbohydrates, 1% sodium, .45% potassium, .06% 
phosphorus, .14% calcium, and .08% iron. (Atùnez de Mayolo 
1981:76)  

 
In an experiment conducted by the Asian Vegetable Research and 

Development Center (AVRDC), the harvests of four model home gardens have 
shown that gardens can produce a daily average of 25.3% measurable 
protein, 74.8% calcium, 112.6% iron, 182.7% vitamin A, and 524.9% vitamin 
C of the daily total RDA of a family of five. The average edible daily 
garden yield was 1.66 kg of vegetable and fruit matter per garden which  
 

...was more than would be consumed by the average Asian family 
of five. (Gershon 1983:29)  

 
Based on the above information we can see that gardens are able to 

produce a well-balanced diet based on vegetable proteins mixed with 
occasional animal protein raised on garden produce by the household unit 
and an addition of field or market-derived staples.  

 
Even the smallest of household gardens features an easy-access area 

set aside for production of spice and medicinal herbs. These are harvested 
on a daily basis to add flavor and vitamins to the family diet and are 
ever-ready, highly sellable market items, along with a few species of 
flowers which adorn the herb bed. Fruit from trees or bushes is another 
relatively low-volume, high-value product which, if not preserved by the 
household, is used in trade, as gifts, or sold in the market.  
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Next in line of importance to supplying food for the family, primary 
and secondary fodder for an often sizable number of small farm animals 
comes from the garden. Primary fodder in Peru, for example, consists of 
alfalfa, barley, native grasses, and weeds which are grown or tolerated in 
marginal garden areas and harvested as needed. Secondary fodder derives 
from produce waste harvested and cleaned for kitchen use or market sale.  

 
Small animal production (rabbits, guinea pigs, fowl, pigs) is an 

integral aspect of household garden economies except where external 
limiting factors exist (e.g. city rules, in the urban context, against 
raising animals within city limits or on land leased from the 
municipality). Although the consumption of animal protein is reserved for 
special occasions among the poor of developing countries, it is a vital 
ingredient in the diet with underlying social significance: animals are 
slaughtered for large family gatherings at birthdays, local or national 
and religious holidays. Large animals (sheep, goats, a cow/calf pair) are 
pastured on agriculturally marginal lands under the care of women or 
children and older family members.  
 
Protein from the Andes: The Guinea Pig  
 

Because of its uniqueness, I would like to highlight a case of small 
animal production from the Andean region: the guinea pig, or cuy, as it is 
locally called in onomatopoeic fashion.  

 
Originally a highland dweller, the cuy has migrated--along with the 

peasants--to every ecological zone within Peru. Its reputation, however, 
remains that of a typical "serrano" (highlander) with negative 
connotations from ignorant and traditional to jobless and poor. Whether 
costa, sierra, or selva (coast, highlands, or jungle), the guinea pig is 
the poor man's protein.  

 
Cuyes have been raised by Andean peasant women for generations 

untold. Rather than appearing totally "domesticated," the cuy leads an 
existence of its own within the Andean farming household. Free roaming, 
the animals find warmth and shelter beneath the rustic clay hearth in the 
kitchen which is designed with "caves" to accommodate a considerable 
number of cuy. Cuyes don't gnaw, burrow, or stray (as do rabbits, e.g.). 
Their kitchen-stove home is made from locally available materials and a 
standard feature of any kitchen. Labor saving in every respect, the cuyes 
feed themselves on whatever they find at nose-level: alfalfa, potato 
peels, an occasional corn cob from beneath the storage bin outside the 
kitchen, vegetable waste, leaves, weeds, and banana peels. In short, the 
cuy is a better garbage disposal than GE will ever produce.  

 
Food conversion rate of cuyes is approximately 8 to 1 kg while that 

of rabbits, the big, more prestigious competitor for the same niche, is 3 
to 1, approximately, on higher quality feed.  
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Cuy reproduction is as trouble-free as their housing and feeding. After a 
gestation period double that of rabbits (67 days), from 2 to 4 young are 
born, "ready-to-go." While baby rabbits are totally nest-bound for two 
weeks, and losses are high at weaning, cuyes face none of these problems. 
Sexual maturation is between 4 and 5 months, and about the same time, the 
seasons "crop" of cuy begins to be harvested for market or home 
consumption. A "fold" of about 15 females and two males is kept by most 
families for constant reproduction and supply. These mothers can produce 
between 35 and 50 young per year. Harvested twice yearly, as many as 20 
could be killed at a time. Andean women mention 10 to 15 animals as the 
number often prepared for festive occasions, averaging 1/2 cuy per person 
(per meal). A skinned and gutted cuy less than a year old will not weight 
over 800 grams and considering that another 20% is bone, the protein value 
of one guinea pig is approximately 200 grams (30 grams per 100 body 
weight).  
 

That may not seem much, but in terms of labor and energy input, this 
protein is essential "free." Nonetheless, the numbers show how limited 
high-quality protein intake is in the rural and urban poor social strata 
of Peru and the importance of attempting to achieve a more favorable 
vegetable protein balance in lower class diets.  

 
The cuy has one added feature which contributes to its "serrano" 

(highlander) reputation but makes it an invaluable house guest for many 
highland women: the animals represent an important diagnostic element in 
traditional curing practices and are kept in small numbers for that 
purpose alone, and those who believe in traditional ways keep a few cuyes 
for good luck (Carlier 1981).  
 
An Added F unction of Household Gardens; Cash for the Kitchen  
 

In addition to supplying vital nutrition for the daily family diet, 
the garden may also insure a constant cash flow, however small, through 
sale of produce or animals in local markets or to neighbors. Although the 
trip to the market which can be quite time-consuming cannot be 
"economically justified" (RFR 1982:68), the money earned is absolutely 
necessary for a low-cash household to buy essential food and non-food 
items not produced at the household level. The household garden has one 
big advantage over field production in that "...there is always something 
ready to harvest from the former and therefore something to sell when 
money for daily household needs becomes scarce (Pelzer 1945:43-47).  

 
As shown in the last section, the distinction between field (chacra) 

and garden (huerta) is at times more nominal than functional. This is 
especially true in areas of horticultural production where species will be 
replicated in field and garden. In terms of marketing, a general 
distinction holds true for many world regions: field production is sold 
large-scale by males, either in the market place or right out of the field 
to wholesalers. These earnings are used to pay off the bank loan with 
which the field was planted. This is the  
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"serious business" of male farmers, as women are still largely unable to 
obtain credit in many parts of the world (RFR 1982:68).  
 

Women carry their produce to market on a regular basis. Market sales 
represent their only direct access to cash. The type and amount of produce 
taken to market varies according to location of the homestead 
ecologically, season, family needs, cash requirements, and garden and 
animal productivity. The diversity of garden crops is reflected in a 
woman's market offerings. A "standard" combination of garden produce 
offered at market consists of vegetables, some garden staples, herbs, 
flowers, and few fruit items. Subsistence field products are added as need 
for cash arises or their storability decreases over time. In cases of 
unexpected surplus, situations of emergency (e.g. orphaned animals which 
pose a stress on the family budget in terms of special feeding 
requirements), urgent need for cash, or periodic harvest, animals are sold 
in varying numbers, always preserving the breeding stock.  

 
Women peasants from the countryside, as small-timers at the market, 

occupy marginal side-streets mainly while the regular market women who buy 
wholesale and limit themselves to a few crop varieties, congregate around 
key intersections marked by the major produce sold (e.g. onions are sold 
in one section nearly exclusively, carrots in another, alfalfa separate, 
etc.). While women usually harvest a variety of plant species to be taken 
to market, some women specialize in production and sale of certain species 
of grown or collected plants or processed items from either plant or 
animal sources.  
 

To a considerable degree, thus, the cash available to women for 
household needs depends on their management and marketing skills as well 
as the degree of productivity to which they utilize their gardens.  

 
VI. COMPARATIVE ANALYSIS OF HOUSEHOLD GARDENS AND SMALL ANIMAL PRODUCTION 
IN PERU  
 

Peru represents an ideal laboratory for the study of household 
gardens and related small-scale subsistence food production systems. This 
Andean nation is divided into three major ecological zones running north-
south: the desert coast, the Andes rising steeply in the west with 
intermontane valleys, descending more gently in the east via the 
piedmontes of the montaña (tropical hill zone), into the hot humid Amazon 
basin (cf. Figure 2).  

 
Household gardens are found in all three zones. However, while 

functioning in the same supplemental capacity, they vary considerably in 
appearance and type of cultigens due to their particular ecological 
conditions. The following section illustrates, in cursory fashion, the 
role of household gardens and small animal production in Peruvian coastal, 
highland, and jungle settings as well as the larger metropolitan area of 
urban Lima.  
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The Rural Budget Garden: An Example from the Peruvian Coast  
 

On the desert coast, gardens form part of irrigated, oasis 
agricultural farming systems devoted to commercial production. The coastal 
household garden described here belongs to the rural budget type and is 
found in Cochahuasi, a sea-side settlement of landless farm laborers. The 
gardens, representing their only land holdings, are "front-door" gardens 
situated between the last fields suited for agricultural production and 
the beach. Formerly a water-filled depression, the inhabitants of 
Cochahuasi have reclaimed the narrow strip of land over many years of hard 
labor. Today, the gardens contain a variety of tree and vegetable species 
tolerant to the unfavorable growing conditions of saline soils and 
constant sea breeze. Irregularity of agricultural employment makes small-
scale supplemental vegetable and animal production essential to the 
survival of Cochahuasi families.  
 

Each garden plot measures approximately 20 by 30 meters, is rock-
fenced, and contains a ground-level water hole for irrigation and family 
drinking water. The main staple is sweet potato which represents the 
largest area planted. Sweet potato is also the most versatile crop, 
serving family caloric needs and nutrition as well as feeding the backyard 
animals each family keeps: sweet potato leaves are finely chopped for 
chickens and ducks and fed to guinea pigs, rabbits, sheep, pigs, the 
occasional cow, and transportation animals like donkeys. Banana, the tree 
crop that tolerates sea-side conditions best, also is a major staple in 
the family diet. Maize is grown on a smaller scale. Due to periodic 
inundations these gardens face from irrigation run-off of neighboring 
fields, many women opt to plant fast-maturing vegetables which can be 
consumed by the family and have constant market value rather than risking 
loss of the entire garden crop. The most important tree crop for family 
nutrition, banana, is represented by several varieties. Vegetables consist 
of cabbage, cauliflower, celery (a favorite, fast-maturing crop), beets, 
turnips, herbs, and flowers.  
 
Llacsacaca: The Rural Subsistence Garden  
 

At an altitude of 3000 meters, the subsistence gardens of 
Llacsacaca, located in the fertile Tarma river valley, form an integral 
part of the local farming systems. Irrigation and the mild climate of the 
valley which opens toward the eastern foothills, allow year-round 
commercial horticultural production. At higher altitudes, seasonal rain-
fed subsistence and commercial agriculture is practiced. Commercial 
agriculture is oriented toward the coastal market of Lima, subsistence 
production toward home consumption and local markets.  

 
The holdings of Llacsacaca farmers are small, with scattered fields 

totaling on the average 5000m2 of which gardens take up approximately 
600m2. Field-grown vegetables are duplicated in the gardens, and staples 
form an important part of home garden production. Most vegetable species 
are European introductions and serve home consumption  
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needs as well as small-scale market sales. Although subsistence crops are 
produced in the fields, the garden staples, potatoes and maize, occupy the 
proportionately largest area in the garden and are harvested on a day-to-
day basis for immediate kitchen use. A practice of "in-ground storage" 
furnishes constant supply especially of potato, the Andean mainstay, to 
the daily diet. Commercial crops, are purchased in toto by wholesalers for 
the Lima market. The family daily diet receives no benefit from commercial 
field produce. Profits from these sales go toward repayment of planting 
loans and other debts the family may have accumulated during the season 
and often, little cash is left over and the family has to fall back on 
garden and subsistence field products for family sustenance and small 
amounts of cash from local market sales. Staples from the garden also fill 
the void between the end of the storable period of potatoes and other 
tubers from high-altitude fields and the new harvest.  
 

Due to the favored nature of this econiche, a variety of vegetables 
can be produced, ranging from temperate to tropical hill zone species as 
well as spices, medicinal herbs, and flowers. Trees are planted along the 
edges of the garden and fruit is a cherished item valued highly for sale 
and barter.  

 
Animals are vital in highland farming systems, providing traction, 

transport, and supplementing the family diet with valued animal protein 
and cash income while enabling the household to fully utilize garden waste 
and by-products as well as marginal grazing and collected fodder species. 
The most frequent farmyard animals are guinea pigs, rabbits, and chickens 
which provide the bulk of family protein consumption. Sheep and cow-calf 
pairs represent more of an investment and source of income for the female 
head of household than a ready source of protein for the family.  
 
Household Gardens at Higher Altitudes  
 

It appears that in the higher altitudinal zones, where commercial 
vegetable production is not a profitable undertaking due to 
infrastructural or climatic constraints, home vegetable production and 
consumption is less frequent while the notion of flower gardens seems to 
be well known. The causes for this phenomenon are not clear. Evolution of 
agricultural society did not take place to the total exclusion of 
previously practiced gathering of wild species. Rather, gathering, 
according to some sources, has remained a vital part of traditional Andean 
diets until recently. With the arrival of Europeans, however, alien food 
plant species were introduced, and native dietary balance became disrupted 
as more land was planted to European grains and put into pasture for 
European-introduced grazing animals. Also, a low-prestige value became 
associated with native foods, and, while collection of medicinal species 
continued, wild vegetable gathering decreased with no replacement filling 
the nutritional void (cf. also Atùnez de Mayolo 1981:77). More research, 
however, is needed to explain the apparent lack of household gardens in 
the high Andes and assess its nutritional significance.  
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Rural Subsistence Gardens in the Peruvian Tropics: Chanchamayo and 
Yurimaguas  
 

As case studies of gardens in the tropical hill zone and the lowland 
humid tropics, the Chanchamayo-San Ramon and Yurimaguas regions were 
selected. Both are areas of colonization with agricultural bases in 
subsistence crops, commercial rice production (Yurimaguas), and plantation 
fruit and coffee production (Chanchamayo).  

 
The tropical household garden in both areas is part of a semi-

permanent system of shifting cultivation. While subsistence fields are 
fallowed every 3 to 7 years, hut and gardens are not shifted except in 
cases of moving the entire household. Likewise, orchards with tropical 
fruit, coffee, and pineapple groves in the Chanchamayo and wet rice fields 
on the banks of the Huallaga river are not moved. To keep up production, 
trees are replaced while river flooding provides fertilization for rice. 
Upland dry-rice plots are shifted on a regular basis.  

 
In addition to subsistence and commercial fields and orchards, each 

homestead has a number of food plant species growing in the immediate 
vicinity of the hut which are harvested daily. The arrangement of these 
gardens appears haphazard to the western eye but on closer scrutiny proves 
extremely functional. Only species well-adapted to the tropical 
environment are found and the layered effect of the natural forest is 
replicated utilizing plant adaptations to the fullest. The top "layer" 
provides shade for the entire homestead and consists of well-spaced pacay 
(Inga Feuillei) and avacado trees which also furnish nutrition and 
calories. In the second layer, family staples are grown (tree staples are 
banana and plantain), while providing support for climbing vegetable 
species (beans e.g.) (cf. also Ruthenberg 1971:117-118). Cassava is the 
staple mainly represented in the third layer followed by lower and ground-
covering species like tomato, taro, and squashes.  

 
Farmyard animals accompanying this tropical production system are 

mainly chickens, ducks, pigeons, and pigs. To protect garden crops, pigs 
are tethered or herded, usually the job of children. Chickens often roam 
freely, although some vegetables have to be protected during the early 
growth stage. A family may keep up to 25 chickens and 5 pigs, including 
young. As is the case in the highland garden, small-scale animal 
production in the tropics represents farming systems' adaptation to fully 
utilize their environment. Where animals can be allowed to roam adjacent 
forest areas in search of their own food, this relieves pressure on family 
food supply while adding scarce protein to the family diet. In the 
tropical setting above all, subsistence food production enterprises close 
to the house form the survival base of farm families, while income from 
commercial production is often oriented toward a small business enterprise 
(e.g. a truck).  
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Urban Budget Gardens: Food Production in Lima Slums  
 

The household gardens of Lima are more varied in appearance than 
their rural counterparts and the problem of defining a given plot of land 
close to a dwelling as a garden arises. However, enough clear-cut examples 
of urban gardens exist to include the Lima urban context in a functional 
typology of Peruvian household gardens (cf. Figure 5).  

 
Urban gardens are found mainly in the poorer sectors and slum 

suburbs where people have access to water. They range in size from several 
square meters to an entire construction lot in an affluent area of almost 
1000m2. Gardens in the wealthier suburbs belong to families living as 
"watchmen"(guards) on future construction sites. The urban garden produces 
a wide range of temperate and tropical staples, fruits, and vegetables 
(cf. Figure 3). According to one informant, a 400m2 lot of sweet potato 
furnishes 60% of the requirement for a family of two adults and three 
children as well as providing 100% of the feed required for eight 
chickens, 15 guinea pigs, 2 adult rabbits.  

 
Sweet potato is the main staple in Lima urban gardens, followed by 

maize, banana, and cassava. Banana and papaya are the predominant fruit 
tree species. Vegetables vary from garden to garden depending on size and 
total actual usage: if the garden is large enough and experience and 
skills as well as time is available on part of the gardener, produce is 
planted for small-scale sales in the neighborhood. In that case, 
production of commercial vegetable species is increased (e.g. carrots, 
beets, lettuce, and spinach) over family consumption needs and habits. 
Urban gardens are not compatible to uncontrolled animal browsing for that 
reason, and stalls are provided even for poultry. Figure 4 illustrates the 
lay-out of a large garden in an affluent suburb which supplies the 
immediate family living there as well as relatives, to a lesser extent, 
with considerable portions of their nutritional needs.1  

 
Urban gardening is, in its ideal form, supplemental to city 

employment which provides the major source of family income. However, in 
many LDC urban contexts, employment is erratic and badly remunerated or 
simply non-existent. A well-managed sizable garden or suburban field plot 
with additional small farm animal production often provides for many urban 
households a larger share of family sustenance than income from urban 
employment.  

 
In Lima, many cases can be documented for city slum dwellers that 

access to a marginal piece of land (neglected city parks, lee-way between 
housing developments and highway, along irrigation canals, etc.) provides 
in fact the only means of putting food on the family table. In cases where 
city employment is part of the survival strategy, household  
 
 
 
                                              

 
1 Due to the fact that this study began in August 1983, precise data 

on production and nutritional value are not yet available.  
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gardens serve to supplement a high carbohydrate diet (Peru relies heavily 
on subsidized US rice and wheat), with valuable nutrients derived from 
homegrown vegetables which otherwise would not be purchased on the meager 
family budget. The production of animals in this survival system adds 
probably the scarcest food resource--animal protein--to low-income urban 
households' diets.  
 
VII. CONCLUSION  
 

Farming Systems Research has brought a new perspective to 
agricultural development by focusing on the household in subsistence and 
semi-subsistence societies. However, close examination of present FSR 
shows that most projects remain oriented toward field production, while 
small-scale "backyard" production strategies have gone virtually 
unnoticed. This is an unfortunate oversight if the goal is to holistically 
understand the farming household.  

 
This paper attempts to correct this bias in FSR by illustrating the 

evolution, nature, and function of household gardens and associated 
farmyard animals in both rural and urban settings. Although there is a 
growing literature on this topic, the full economic and nutritional 
importance of small-scale food production strategies remains poorly 
understood. Preliminary indications, however, show that they are far more 
important as survival strategies for low-resource households than 
previously realized.  

 
"Backyard enterprises" are small-scale, clearly defined, controlled 

by women, and unaffected by broader market trends which renders them an 
area for development that offers highest pay-off for limited input. 
Collection of data on actual production and assessment of nutritional and 
economic contribution of on-going backyard food production enterprises, 
therefore, is the continuing focus of this Peruvian project (Aug. 1983 to 
Aug. 1984). Data will be compared to information obtained from other world 
regions with the projected outcome of compiling a body of knowledge to 
serve as base for the formulation of nutrition--educational and 
horticultural extension programs to help alleviate world hunger and 
malnutrition.  
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Figure 1.  
 

Tendency Characteristics of: 
 
 
 Household Gardens  Field Production  
 
high species density one or two crops per season 
close to permanent dwelling in favored agricultural area 
emphasis on vegetables emphasis on staples 
home consumption market oriented 
culturally preferred species market/price incentive 
family labor family and hired labor 
women, young, elderly able-bodied only 
traditional progressive 
hand tools mechanized if possible 
low labor return maximum labor return 
daily utilization seasonal harvest 
experimentation secure market crop 
seed production commercial seed 
utilization of vertical space horizontal space utilization 
rural or urban phenomenon rural 
gardening skills farming and marketing skills 
low commercial inputs high commercial inputs 
multi-purpose single-objective 
potential for organic pest control organic control non-economical  
fenced open 
nutritionally balanced nutritionally one-sided 
private control communally controlled 
no government assistance bank credits, extension, development 
   programs 
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Figure 2: Profile of the Central Andes  
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Figure 3: Urban Budget Garden in Lima, Peru  
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Figure 4. Variety of Species Planted in Peruvian Household Gardens  
 
 San Ramon Llacsacaca Cochahausi Lima 

 
Vegetables 
and 
Staples 

 
Sweet potato 
cassava 
corn 
pituca 
 (Colocasia 
  esculenta 
  spp.) 
tomato 
squash 
hot pepper 
sugar cane 

 
potatoes 
corn 
broad bean 
squash 
melon 
cabbage 
carrots 
lettuce 
onion 
garlic 
caihua 
 (cyclanthera 
  pedata) 
 

 
turnip 
sweet potato 
pituca 
beets 
cauliflower 
cabbage 
onion 
celery 
carrots 
sugar cane 

 
sweet potato 
cassava 
potato 
corn 
squash 
melon 
lettuce 
tomato 
pepino 
 (Solanum 
  variegatum) 
carrots 
caihua 

 
Herbs, 
Spice and 
Medicinal 

 
chamomile 
mint 
cedron 

 
chamomile 
mint 
borage 
cedron 
violet 
oregano 
ruta 
 (Ruta 
  graveolens) 
bay leaf 
hot pepper 
huacatay 
 

 
chamomile 
lemon mint 
llantèn 
 (Plantago 
  major) 
chicoria 
 (Cichorium 
  intybus) 

 
chamomile 
mint 
llantèn 
sage 
huacatay 
 (Tagetes 
  minuta) 
cilantro 
ruta 
hot pepper 

 
Tree 
Crops 

 
papaya 
granadilla 
 (Passiflora 
  ligularis) 
banana 
avocado 
lucuma 
apricot 
coffee 
pacay (Inga 
 Feuillei) 
passion fruit 
 

 
apple 
peach 
avocado 
lucuma 
citrus 
eucalyptus 
tumbes 
 (Passiflora 
  spp.) 

 
papaya 
banana 
avocado 
fig 
grape 

 
banana 
papaya 
avocado 
peach 
fig 
apple 
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Figure 5. Household Garden Typology: Peru  
 

REGION 

 
TYPE OF 

FARMING SYSTEM 
 

TYPE OF 
GARDEN CULTIVATORS HOUSEHOLD 

CROPS AND ANIMALS 

 
Coastal 
  Valley 
 
(Cochahuasi) 
 

 
commercial 
irrigated 
agriculture 

 
rural 
budget 

 
landless 
labor 
families 

 
sweet 
potatoes 
variety of 
  vegetables 
bananas 
 

 
pigs 
chickens 
ducks 
cuy 

 
Highland 
  Valley 
 
(Llacsacaca) 

 
commercial 
  irrigated 
  horticulture 
rain-fed 
agriculture 
 

 
rural 
subsistence 

 
highland 
peasant 
households 

 
potatoes 
corn 
variety of 
  vegetables 
fruit 

 
cuy 
chickens 
rabbits 
cow 
sheep 

 
Tropical 
  Hill Zone 
 
(San Ramon) 

 
plantation 
system 

 
rural 
subsistence 

 
highland 
colonist 

 
cassava 
corn 
sweet potato 
pituca 
some 
vegetables 
 

 
chickens 
cuy 
pigs 
pigeons 

 
Urban Zone 
 
(Lima) 

 
retail 
markets 

 
urban 
budget 

 
urban 
poor 

 
cassava 
corn 
sweet potato 
variety of 
  vegetables 
some fruit 

 
pigs 
chickens 
turkey 
rabbits 
cuy 
cow 
sheep, 
  goats 
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THE OTHER SIDE OF THE COIN: 
ANIMALS AS PESTS 

 
Robert E. Rhoades 

 
I. INTRODUCTION  
 

In the effort to understand the role of animals in farming systems, 
researchers should keep in mind that animals are not always considered 
beneficial. At times they are "pests" from both the subjective and 
objective points of view.

1 
Under certain conditions, other animals (e.g. 

Quelea bird in Africa or rats in Southeast Asia) can become central 
"problem" components in human ecological system (e.g. Ward, 1973). On 
occasions, such animals have been known to threaten the very existence of 
human groups. While increasing attention has been given in the past few 
years to technical control and behavior of pests, virtually no social 
science research has been dedicated to understanding the social effects of 
the pests themselves or attempts to control such pests. The purpose of 
this paper, therefore, is to make a preliminary contribution to the social 
science of animal pests, emphasizing vertebrates in farming systems. 
Exploratory research was carried out in the Guatemalan highlands and the 
Dominican Republic during 1978 and later in Peru (1980-83) and Sri Lanka 
(1983).  

 
II. FARMER’S PERCEPTIONS OF VERTEBRATE PEST PROBLEMS  
 

One reason agricultural scientists have neglected vertebrate pests 
is that information about their damage or incidence is frequently 
difficult to obtain. When survey teams inspect fields or stores, the 
mobile vertebrate pest is not likely to be found. This makes assessment 
different than with insect pests or virus disease where infestation is 
more visible and quantifiable. However, when one lives in a rural set-ting 
as opposed to visiting periodically, the importance of vertebrate  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
                    

 
1 The term "pest" is derived from the Latin word "pestis" which means 

"plague". Therefore, in a broad sense any organism which causes direct or 
indirect loss of property, damage to food crops or transmission of disease 
is a pest (Liat and Bang, 1982).  
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pests to farmers becomes obvious.2 In the agricultural calendar of the 
Inca period in Peru, for example, the stage of protecting the fields from 
vertebrate pests was given institutionalized importance along with 
cultivation and storage.3 The 16th century Spanish chronicler Poma de 
Ayala, for example, recorded the importance of the institution "guarda-
maiz":  
 

... and at the time of planting until harvest the maize and 
potato fields must be guarded along with the other crops and 
fruits from livestock, fox, deer, skunk, and the birds, 
quails, parakeets, and thieves so that for this purpose the 
Inka had placed the field guard who was called Arariua (Poma 
de Ayala, 1936, p. 860. Translated from Zelenka, 1983).  

 
The chronicler's illustrations and writings indicated that farmers 

in this early civilization were concerned with the same vertebrate pests 
that affect modern Man: (1) wild mammals, (2) birds, (3) domesticated 
mammals, and (4) humans. The latter is probably considered by most farmers 
the major "pest" but since robbery is a means of securing food for humans 
it will not be discussed in this paper (see Gade 1970).4 In attempts to 
control or cope with pests, farmers are faced with constraints that are 
similar but in many ways different than other agricultural activities 
since it involves a human-animal interaction, not a human-inanimate object 
interaction or human-nonvertebrate pest relationship. Finally, proposed 
solutions may have unforeseen consequences, leading to new social and pest 
problems.  
 
Animals as Pests and Spiritual Allies  
 

In agricultural development, an innovation is not always readily 
accepted even if it seems to offer a great deal of advantage over  
 
                                             
 

2 I base this statement in part on my own experiences as a small, 
part-time farmer in Oklahoma in the early 1970s. There, we had snakes and 
bobcats invading the hen house, gophers and armadillos in the garden, rats 
in the bin, raccoons in the fruit orchard, coyotes stalking new born pigs, 
the neighbor's cow in our oats, and crows in the corn. Being of a popular 
ecological bent, we did little to control these numerous pests. However, 
it soon became no joking matter. All I could conclude was: "Thank God, our 
lives did not depend on farming."  

 
3 Still today in the Quechua-speaking communities of Cuzco, Peru, a 

highly ritualized role called Arariwa, protector of the potatoes, is 
found. This annually appointed, rotating position is considered crucial to 
the community survival. Without him "we will have to rest our stomachs for 
one year" (Casaverde, n.d.).  

 
4 In my international research on potatoes, the most universal 

complaint heard from farmers concerns the "two legged pest." No doubt in 
farming systems research, more efforts such as Gade's Andean study will be 
needed to help clarify how farmers' strategies are affected.  
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traditional methods. This is often true where indigenous values and 
beliefs are still viable and where vertebrates enter into the cultural 
motif. Religious taboos against killing snakes or rats in parts of India 
is a famous case in point. Throughout the Guatemalan altiplano, a complex 
native cosmology that is connected to the Mayan Indian social order 
defines the human perception of and interaction with the natural milieu. 
The belief is prevalent that each person has an "animal spirit companion." 
The animal spirit world contains literally thousands of inhabitants. An 
individual and animal spirit companion share the same fate, and soul. If 
the animal spirit is harmed, the human companion is likewise afflicted. 
Bats, thought to be a species of field mice that sprouts wings in 
adulthood, are known to have been worshipped as village patron saints. 
Rats are perceived by some groups as people of another epoch. Some 
individuals express the belief that it is good to have mice around the 
house to clean up bits of food. In Guatemala, some farmers believe it is a 
sin to kill birds, even those preying on the field. These examples 
demonstrate that the conception of nature and therefore of the "problem" 
may be different for farmers and change agents. In dealing with 
established belief patterns, neither appeals on scientific grounds, 
economic rationality, nor "Western logic" can easily persuade villagers to 
give up or change traditional life practices.5  
 
Pests in the Field, Food on the Table  
 

Sometimes the animal pest is perceived as a mixed blessing. While a 
bird species may destroy crops, it may also serve as a source of protein 
for the affected human group. Thus control is linked with a hunting 
strategy.  

 
In the Guatemala highlands, rural communities in regions with loose 

soils are affected by a large burrowing rodent locally called Taltusa. 
This mammal feeds on the roots and juicy parts of growing corn stalk and 
potatoes. Also, extensive damage from the activity of the Taltusa is 
reported in coffee, fruit orchards (apple, banana), and sorghum. In 
addition to crop damage, their burrows stimulate hillside erosion. To 
control the Taltusa, semi-professional bounty trappers, called tuceros, 
are sometimes hired. These are mainly local Indian peasants. However, 
generally larger landholders hire a tucero who in 1978 earned two 
Quetzales per day (1 Questzal = 1 US$) and had the right to keep the 
animal for consumption by his family or for sale in the market place for 
about 1.50 Quetzales. Many individuals attempt to trap on their own with 
mechanical traps which can be locally purchased for 2.50 Quetzales. Even 
this low price, however, is prohibitive for many small producers. In 
addition to using snap and tube traps, the snare method was  
 
 
 
                              
 

5 This is not to say, of course, that farmers are so traditional they 
are opposed to change. When a practice enters into a religious motif, such 
as Moslems prohibition against eating pork or Hindus taboo on eating beef, 
it is not easily changed.  
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reportedly employed in the past and seems to be used to a minor extent 
still today. Farmers also attempt to drive the gopher away by destroying 
tunnels and den, beating the earth with sticks while making noise, and 
placing foul smelling substances (dead chickens, lobsters, and other 
carcasses) in dens and burrows (Rhoades, 1977).  
 

In the Dominican Republic, birds are the object of prey. The two 
main bird pest species mentioned by farmers include the so-called Madam 
Sagà, a type of weaver finch, and the pàjaro vaquero, or shiny cowbird. 
The weaver finch attacks standing grain, especially rice and corn, while 
the shiny cowbird is notorious for feeding from livestock troughs. Small 
pig raisers, with between 10 and 50 head, are especially hurt by feed loss 
to cowbirds. In pursuit of birds, a glue is often made from breadfruit and 
smeared around a stick to serve as tray for light-weight birds. Semi-
professional bird trappers with wire traps catch large numbers of birds 
(up to 50 with a small cage) for sale in the market as pets and for 
consumption. Nets are also very effective; one catch yields regularly 80 
to 150 birds. The importance of bird meat in the Dominican diet may be 
greater than realized.  
 
Animals as Livestock and Pests  
 

Finally, in farming systems research it should be remembered that 
what is a "pest" to one social group may be the livelihood of another 
group. This is especially the case when the "pests" are the "livestock" of 
others, such as in the interaction between agriculturists and 
pastoralists. Ever since Abel drove his sheep over Cain's field, farmers 
and herders have had their mutual problems.  

 
The heart of this ancient conflict lies in contradictory interests 

of each group at certain times of the year. Most hostility erupts during 
planting and harvest periods when flocks are being moved and the 
agriculturist has critical interests at stake. However, at other times of 
the year the relationship is often symbiotic, the farmers compete with 
each other to gain the favors of herders who are willing to graze their 
manure-producing animals on the fallow fields (Rhoades, 1979).  
 
III. TRADITIONAL METHODS OF VERTEBRATE PEST CONTROL  
 

From planting to harvest to storage, continuous pest attacks by 
different species may occur. In Highland Guatemala, farmers note that 
field pests attack sequentially throughout the planting and growing 
seasons. In the milpa, the "grackle" begins by attacking freshly 
germinated seed and pulling out seedlings; then the gopher feeds on the 
roots and juicy parts of the growing corn stalk and finally, the 
"chochoyo" (parakeet) does extensive damage to the ears from the time the 
kernel is forming to near-harvest stage. After harvest, rats attack in the 
household store. At any of these phases or in combination, these pests can 
deplete a field so that it is hardly worth harvesting. As a result, 
farmers have devised a range of techniques to control or cope with the 
pests.  
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Scarecrows and Field Guards  
 

Ancient and modern cultures have opted for field guards as a means 
of pest control. In Guatemala and the Dominican Republic, commonly young 
boys guard the fields. Women and children serve this role in Peru. For 
bird control, field guards in Guatemala, Peru and Dominican Republic crack 
whips, throw rocks, yell, sing, use sling-shots and, in recent times, 
throw firecrackers to disperse the birds. In extensive fields, however, 
their efforts are frequently in vain. During field research in the D.R., a 
paddy was visited where a small boy was guarding against the weaver bird. 
Twenty per cent of the harvest had already been lost. Only one week later, 
the birds had inflicted so much damage that the rice was no longer worth 
harvesting. This happened with guards in the field full-time.  

 
Another universal control method, especially in grain fields, is the 

scarecrow. Its effectiveness is debatable, however. Many farmers know that 
scarecrows and noise-making objects used to frighten predators are 
sometimes superficial. The scarecrow serves as a psychological-ly-
comforting type of "sympathetic magic," an image of a human guarding 
against pests. It advises others that the owner cares about the crop even 
when he cannot be physically present.  

 
In Sri Lanka the "scarecrow" is widespread but it is not used so 

much against animal pests as against thieves and "evil eye," or "evil 
mouth," the gossipy neighbor who spreads nasty rumors about a farmer. The 
psychological rationality is that a traveler along the road will be 
visually distracted by the object and thus not notice the fine crop 
growing in the field.  

 
In Peru, peasants sometimes kill hawks and hang them with 

outstretched wings from a pole line over the field. Also, mechanical means 
such as hanging tin cans from a pole or stretching bright, flickering 
plastic strips around the field are common in most countries. In Sri 
Lanka, white plastic sheets that vibrate in the wind are stretched 
throughout the potato fields to frighten away wild pigs that come to feed 
in the night.  

 
Agronomic Practices an d Pest-resistant Varieties  
 

In areas severely affected by vertebrate pests, farmers attempt to 
control through agronomic practices or selection of pest-resistant 
varieties. In Peru, a main mechanism in the struggle against both 
vertebrate and invertebrate pests is the pattern of crop assemblage 
involving great species and varietal diversity in several ecological 
zones. Tarwi and Quinua, for example, are planted along the borders of 
maize fields to keep cattle out. These traditional Andean cultivars, high 
in bitter glycoalkoloids, are distasteful to cattle. Sometimes thorny 
branches are piled or cactus planted along field borders (Cade, 1975).  
 



 835 

In Guatemala, overplanting, relay planting and deep planting (with 
the digging stick) insure at least an acceptable germination and survival 
rate. Whenever feasible, planting is done close to houses and human 
activity. Sometimes, the milpa is planted so that corn matures when 
certain species of birds have migrated to coastal regions. In Nepal's 
Terai, potato farmers frequently harvest potatoes early to avoid rodent 
damage.  

 
In Central America, an effective method of protecting maize is that 

of doubling the stalk so that the ears face downward. In addition to 
keeping the ears dry (perhaps the main reason for the process), this 
prevents birds from landing on the ear and attacking the husk. Farmers 
have also been known to paint corn ears with calcium paste, or--in a few 
rare cases--to cover them with plastic bags.  

 
Vertebrate pest have been known as an important factor in the long-

term selection of resistant varieties. In Guatemala and Mexico, farmers 
have maintained maize varieties with large, tough pest-resistant husks. 
Among the Totonac Indians of Vera Cruz, Mexico, adoption of improved, high 
yielding varieties was earlier hindered since traditional varieties had 
thicker, more protective ear-enveloping husks (Kelly, 1952).  
 
The Control Becomes the Pest  
 

Sometimes local attempts to control pests can backfire, especially 
when non-indigenous predator species are introduced to control other 
vertebrate pests. Perhaps the most famous case concerns the introduction 
of the Indian mongoose into the West Indian islands to control rats in 
sugar cane plantations. When the mongoose was introduced, the Caribbean 
rat population consisted of two species, the Norway, or brown rat and the 
tree, black rat. The Norway rat was dominant. However, since it nests on 
the ground, it was easy prey for the mongoose. The tree rats then became 
dominant but continued to inflict equal amounts of damage in the sugar 
cane. The mongoose could not climb and therefore developed into a "pest" 
to survive. Farmers soon found the flesh-eating mongoose preying heavily 
on their chickens, and in the 1940s became carriers of rabies. The 
mongoose destroyed ground-nesting birds and lizards which, in turn, lead 
to an increase in the populations of sugar cane beetle.6  

 
 
 
 
 

 
 
 
 

                      
 
6 
Despite this case where the medicine was worse than the illness, 

there is still talk in the West Indies of using the mongoose and predator 
owls to control rats (see the debate published in Barbados' Advocate News, 
July-August, 1978).  



 836 

In the Andes, dogs are kept as watchdogs near the village or fields. 
Dogs are especially valued for hunting small fox. However, the dog too can 
become a pest. Alejandro Camino (1976: 28) writes:  
 

"... some dogs become fond of the juicy and tender corn ears. 
The left rear foot of these dogs is tied to their abdomen so 
they are not able to stand on their back feet to eat the early 
ears."  

 
Community Action and Rodent Control  
 

In highland Guatemala, rats and mice damage stored grains, thatch 
roofs, and household materials (wooden objects, weaving utensils and 
cloths). In one community where weaving is a major source of outside 
income, women complained of rat damage to thread, cloth, and wooden 
weaving frames. Clothing for Indian women is a major household expense 
that needs protection from rodent damage. Although attempts are made to 
combat rats and mice with locally available traps and poisons, farmers 
universally agree the most effective control is through proper storage, 
and organized community action. Periodically organized rat-killing parties 
(150 rats can be killed within a few hours by the cooperation of 10 to 15 
people) are considered effective controls against rat infestation.  

 
Rodent control programs in Southeast Asia have attempted to build on 

the tradition among some peoples to eat rodents. The promotion by the 
Department of Agriculture in Thailand to hunt rats for food has had some 
success. Rats are now increasingly seen for sale in the market. This 
process has been stimulated by paying bounty and holding provincial 
contests for which prizes are awarded to the farmer collecting the most 
tails.  
 
VI. BUILDING SOCIAL FACTORS INTO PEST CONTROL PROGRAMS: SOME PRELIMINARY 
CONSIDERATIONS  
 

Despite the diversity of traditional pest control methods, farmers 
generally agree they are far from adequate. Farmers stress that 
productivity is drastically curtailed, labor costs are high in protecting 
fields, and post-harvest losses are significant.7 Also, some vertebrate 
pests carry disease or insects affecting public health. Farmers are 
convinced of the need for control and would no doubt welcome effective 
methods. However, they need technologies that are inexpensive, low-risk, 
safe for humans, and appropriate for actual field  
 
 
 
 
 
 
 
                      
 

7 In Peru, for example, birds attacking rice in the zones of Bagua 
and Jaen consume up to 700 kilos per hectare. Farmers use both "pajareros" 
(field guards) and pesticides but to little avail (Revista Arroz, 1974).  
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conditions. Moreover, as this paper has attempted illustrate, numerous 
social factors influence and determine the reaction of the recipients 
toward pest control techniques. These various dimensions underscore why 
pest control programs may benefit from a farming systems approach.  
 

Some socioeconomic factors based on my field observations that may 
be considered in a farming systems approach are:  
 

1. Traditional controls involve little immediate capital 
outlay or drain on family cash reserves. However, farmers are 
aware of high labor costs associated with day and night 
guarding of fields especially near harvest time when demands 
on family labor are intense. In the large holdings of southern 
Peru, an estimated 10 percent of production costs are related 
to guarding the field (Gade 1970). However, in most cases the 
field guard is watching simultaneously against a complex of 
pests: birds, rodents, and thieves. Therefore, a control of 
one pest in this group may not signify a drop in labor costs.  
 
2. Virtually all of the traditional methods used by small-
scale producers were made from local materials by village or 
household craftsmen. This may be due in part to the lack of 
accessibility to credit or that in the small farmers' ranking 
of problems vertebrate pests are not of the highest priority. 
Highland farmers in Guatemala: for example, live on the 
margins of survival and cannot readily afford even such 
seemingly inexpensive items as traps or poison baits costing 
US$2.00. This may imply that labor intensive methods may stand 
a better chance than capital intensive methods, especially 
when a complex of pests is guarded against.  
 
3. The more commercially oriented the producer, the greater 
the interest in non-traditional methods of control. In 
Guatemala, minifundistas (small landholders) showed little 
interest in purchasing control for maize, a home consumption 
crop. Commercial producers, however, were interested in 
backpack sprayers and toxic substances.  
 
4. The role of the field in the farmers' overall production 
strategy should be considered in implementing control 
projects. In Guatemala, for example, marginal fields planted 
in maize several hours walking distance from the village may 
not be considered important enough for investment in pest 
control. Such fields are only cultivated two or three times a 
year. A few farmers who tried Taltusa traps complained they 
were stolen.  
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5. Women and children should be considered in the design of 
pest control technology, especially that to be used in the 
field or household. It appears to be a cross-cultural tendency 
that these demographic groups are assigned the jobs of pest 
control in traditional systems  
 
6. Given the nature of vertebrate pest behavior, attention 
should be given to the social effects of introducing controls 
affordable only to certain communities or groups of farmers. 
For example, a bird control technique applied in one field 
that merely frightens birds may have the result of sending 
birds to other fields not under control. This may have the 
undesired result of increasing socio-economic inequity between 
already unequal populations.  
 
7. Use of toxic substances to control vertebrates is a special 
type of innovation requiring special attention. It is unlike a 
new variety with which a Farmer can experiment on a small-
scale and no harm is done if it fails. A recent example from 
Indonesia is relevant. A rodentcide was reportedly mixed with 
rice seed as rat bait. The villagers knew the rice was 
poisoned but their harvest had failed so they decided to eat 
the rice. One man volunteered to act as human guinea pig. The 
rice was washed but since the rodentcide is a slow-acting 
poison, the man lived long enough for others to eat the rice. 
All became ill and 18 died (New Scientist, 1983).  

 
Similar tragedies have been reported in Central America, although it 

is difficult to separate fact from fiction on this emotionally charged 
issue (see Cultural Survival Newsletter 1981). My own research indicates 
that small farmers usually cannot read or follow label instructions and 
have little understanding of the slow, long-term effects of poison. Cases 
are reported of farmers using double and triple dosages believing if a 
little is good, more is better. In the late 1960s, a Dominican Republic 
village lost a number of children when pesticides entered the village 
water system, an event which sparked editorials in Santo Domingo 
newspapers. Even when safely put out for rats, farmers complain that 
chickens and dogs consume the bait and die. In short, agro-chemicals have 
potential but must be used with extreme caution and linked with effective 
extension and education programs. 
 

Mechanical traps of nets may be less effective but safer. Since 
birds are eaten in many countries, huge wire traps (such as used in Puerto 
Rico and Morocco) capable of catching thousands of birds might also 
contribute to the human protein intake while controlling crop losses.  
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VII. CONCLUSIONS  
 

Interdisciplinary team research involving biological and social 
scientists at the International Potato Center has been successful in the 
area of post-harvest technology (Rhoades and Booth, 1982). Using a 
methodology roughly similar to Farming Systems Research, the team has 
formulated an approach which we call “Farmer-Back-to-Farmer.” Briefly, the 
basic philosophy upon which the model rests is the successful adaptive 
research must BEGIN and with the farmer, farm household, and community. It 
does not posit decisions as to what are important problems can be 
formulated on an experimental station or with a planning committee removed 
from the rural context and out of touch with farm conditions. The model 
subsequently involves a series of targets or goals that are logically 
linked by a circular and potentially recycling pattern of four basic 
activities -- diagnosis, research, testing and adaption, and farmer 
evaluation. Research must come full circle from proper problem 
identification to farmer acceptance or rejection. Research, thus, is 
client- and problem-oriented. Research, extension, and transfer are seen 
as parallel and, on-going, not sequential, disjointed activities.  

 
Outside observers have felt that the CIP post-harvest inter-

disciplinary experience has been especially successful because the post-
harvest research area is especially amendable to combining social science 
and biological science research. It involves use of household space, 
marketing strategies, understanding of architecture, traditional storage 
practices along with technical problems such as physiological and 
pathological loss in storage.  

 
This interdisciplinary, farming systems style may be even more 

applicable in the case of vertebrate pest control. As I have attempted to 
illustrate in this paper, numerous social, cultural, and economic factors 
are important in both traditional control practices and introducing new 
techniques. The basis of these social factors is related to the human-
animal interaction and the difficulties of control by whatever means.  

 
Any vertebrate pest control program aimed at small farmers must be 

geared to their needs and understanding. No amount of high-level planning 
without a careful reading of farmer's perceptions and traditional 
strategies will insure success of a project. Obviously, all potential 
problems cannot be anticipated, but an understanding of what farmers are 
presently doing and why will facilitate the design and generation of new 
techniques.  

 
This paper is little more than an exploratory attempt to introduce 

sociocultural thinking into the interdisciplinary efforts to control 
vertebrate pests. Obviously, more research is needed. Although it is 
unlikely that social scientists will select this as a topic in itself for 
concentrated study, it would be helpful if more field observations on 
vertebrate pests were reported even as a side product of other 
investigations. The need for more precise information is evident.  
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International organizations, national governments, and farmers themselves 
are attempting to control vertebrate pests. However, we lack knowledge 
about the animals, their role in local ecology, and the social correlates 
and ramifications of pest control. Social scientists with field experience 
can help overcome this information gap by collecting and reporting 
agricultural pest data.  
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TRENDS IN THE AMOUNT AND QUALITY OF LESOTHO MOHAIR SALES 
AND SOME REFLECTIONS CONCERNING ECONOMIC INCENTIVES 

FOR MOHAIR PRODUCERS 
 

Peter Wyeth 
 
1. INTRODUCTION  
 

For many years mohair, the fibre produced by Angora goats, has been 
a significant export for Lesotho. From 1973 to 1980 the value exported 
averaged 2.7 million maloti1 a year, compared with average total exports 
of 1.7 million maloti for all other agricultural goods combined except 
wool, for which the value of exports has been roughly similar to that for 
mohair. As Lesotho's economy is largely agricultural, the magnitude of 
mohair exports is therefore particularly important.  

 
The total value of mohair exported depends not only on the quantity 

sold but also on the quality. Concern has been expressed for a long time 
that the quality of mohair has been declining. Uys (February 1977, p. 31) 
quotes a letter written in 1929 by the Principal Veterinary Officer of 
Basutoland, as Lesotho was then called, in which ne refers to a meeting 
with mohair buyers and declares: "...there was a unanimous opinion that 
our mohair had undergone very considerable deterioration during the last 
five years...resulting in a very serious financial loss" (ibid, p.31). 
Following this letter the Principal Veterinary Officer urged Angora goat 
raisers to concentrate on producing better quality mohair, and suggested 
ways in which the care and breeding of goats could be improved to bring 
about this result, including the use of good quality Angora sires and the 
castration of Boer billy-goats (non-Angora types).  
 

The effects of this and other calls for farmers to pay attention to 
good husbandry can be judged by Uys's remark forty-eight years later, 
towards the end of his long study of the history of Lesotho's mohair 
industry, that "Despite all these recommendations and the energy expended 
thereon by dedicated men, the position today is worse than ever before and 
is deteriorating rapidly." He goes on to say that although there "are not 
many goats today in Lesotho which do not produce mohair of some kind, and 
an average production of 2.7 lb (1.2 Kg) per goat per  
 
 
 
 
 
 
 
 
 
 
 
                    
 

1 Currently M 1 (one loti, plural maloti) equals US$ 0.90. Maloti and 
South African rands exchange at M 1 = R 1.  
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year...is perhaps very near to a true reflection of the present average 
...(s)uch a low figure, when compared to an average of about 7.5 lb (3.4 
Kg) per goat in the Republic (of South Africa), is cause for serious 
worry, since it is totally uneconomic" (ibid, pp.104 and 105).  
 

The purpose of this paper is to discuss the evidence for the decline 
in quality and the trends in yield per animal, and then to consider the 
economic incentives which producers face in improving the productive 
performance of their goats. The focus on economic incentives is certainly 
not to be taken as implying that farmers may not have social and other 
reasons for keeping goats. What is assumed here is that economic and non-
economic considerations exist side-by-side, either in conflict or 
reinforcing one another, and that farmers respond to either kind. This 
study suggests that farmers' behaviour in the area of livestock 
management, which is often explained according to social incentives, might 
also be rational from an economic point of view. As a preliminary to 
establishing this line of argument, some background will be provided by 
sketching the conditions under which the production and marketing of 
mohair take place.  
 
2. PRODUCTION AND MARKETING  
 

In 1980, the latest year for which we have figures, the total number 
of goats in Lesotho was 766,535. Virtually all of them show at least some 
of the characteristics of the Angora breed. In fact, it is not legal in 
Lesotho to own any goat which is not of the Angora type, the reason for 
the law being to protect the purity of the strain. However. the degree of 
purity varies a great deal, from good quality animals to those which do 
not produce any mohair at all. Angoras are a less vigorous type than Boer 
goats and unless particular care if taken over breeding, they tend to lose 
their Angora characteristics over time.  

 
The 1970 Agricultural Census showed 54,353 households keeping goats, 

or 29% of all farm households in that year. Over half the individual 
flocks (56%) were small in size, with less than ten animals, but goat 
ownership was very skewed and half of all goats were in flocks of 31 to 40 
or more. There is no reason to suppose that this general picture has 
changed very much since that census.  

 
The goats are grazed on open rangeland and on crop stubble. The 

rangeland is very extensive, covering some 70% of Lesotho's total 
geographical area. Its use is communal and access to any given area of it 
is controlled by the chief or principal chief who has jurisdiction over 
that part. Traditionally farmers have not been limited in the numbers of 
livestock they can put on the range. This situation of private ownership 
of livestock and communal management of range, which is common in African 
countries, has resulted here, as elsewhere, in overstocking and 
overgrazing, consequently depleting the amount of food available to 
animals from this source. Little fodder is grown on available cropland and 
the additional benefits which the livestock get from grazing the stubble 
is very limited.  
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Some farmers are members of associations which were organized 
through government initiative as a means of encouraging good small stock 
husbandry. To qualify for membership farmers should use only good quality 
sires to breed their sheep and goats and have their flocks inspected 
yearly to check that they are following recommended management practices. 
Livestock Assistants are available from the Ministry of Agriculture (MOA) 
to give advice to the Associations and the MOA'S Livestock Division 
imports good rams and billy-goats every year for sale to any farmer, 
whether an association member or not, who wants to buy. The price of an 
individual Angora billy-goat varies considerably depending on its quality. 
Some can be bought for M 150, but the amount is often more than twice as 
great. From 1967 to 1980 average annual imports of goats numbered 280, 
most of them probably Angora males. The institutional framework for 
encouraging good care of goats therefore already exists, and it has been 
functioning for some years, at least since the late 1960’s.  

 
When shearing time comes around in the autumn, farmers can take 

their goats either to government shearing sheds run by the MOA'S Livestock 
Division or to private sheds operated by licensed traders. At present 
private traders take from 40% to 50% of the total mohair clip.  

 
Once shorn, the mohair is graded and baled. Mohair at government 

shearing sheds is from then on in the hands of another division of the 
Ministry of Agriculture, the Livestock Products Marketing Service, which 
acts as shipping agent on behalf of farmers. The private traders act as 
shipping agents for the mohair obtained at their sheds. Whichever 
marketing channel is used, the mohair is sent to Port Elizabeth in South 
Africa, where it is sold at auctions held under the auspices of the South 
African Mohair Board. The buyers at these auctions might come from 
anywhere in the world, but most of the mohair is purchased by European 
firms.  

 
Payment to farmers is in two stages. The first payment, representing 

a floor price, is made at shearing time in the case of private traders or 
as soon as possible thereafter in the case of the LPMS. After the auction 
season is over and the average selling price for each grade of mohair is 
known, the difference between this and the floor price is made up through 
a second payment made to farmers.  

 
The gross amounts of both the first and second payments are 

determined by the South African Mohair Board, which also makes some 
deductions from the gross amounts to cover its costs. Further deductions 
are determined by the government of Lesotho. These various fees and levies 
apply to all mohair whether it is sold through the LPMS or through private 
traders. However, the LPMS allows private traders to make certain further 
deductions to cover costs and profit which the agency does not make itself 
on the mohair that passes through its hands. The result is that prices 
paid to farmers by private traders are lower  
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(currently about 24 cents per Kilogramme) than those paid by the LPMS, 
implying that LPMS prices are subsidized by government inasmuch as its 
operating costs are not deducted. It also means that for the first payment 
farmers have a choice between cash on the nail from private traders versus 
a wait for a somewhat higher price from the LPMS.  
 
3. TRENDS IN MOHAIR QUALITY  
 

Data are available since 1967 on the quantity of each grade of 
Lesotho mohair sold at the auctions in Port Elizabeth. From these the 
percentage of total sales accounted for by each grade can be calculated. 
At present there are fourteen important grades (quantities of the three 
lowest grades are not significant). To simplify the data, grades were 
combined into four different groups: Table 3.1 shows the percentage of 
total mohair sales in each group since 1967 and Figure 3.1 graphs the 
trends. Group A combines the best quality grades and the others follow in 
descending order. (Definition? of the various grades are to be found in 
Appendix Table 3.1).  

 
It is clear that there has been some deterioration in overall 

quality during the period covered by these data. The percentages of total 
sales accounted for by the better grades, grouped under A and B, have 
fallen while the percentages in the inferior groups, C and D, have risen. 
Furthermore, in the last three years there have been substantial 
quantities of mohair which have remained unsold, a situation which was not 
reported and probably did not arise earlier in this period. Detailed 
information has not been obtained so far on what grades of mohair were in 
these unsold amounts, but they mainly belonged to the two in Group D. This 
means that the figures in Table 3.1, which refer only to sales, understate 
the decline in the quality of production  

 
There is another, attractively simple way to lock at trends in 

quality, which turns out to have some interesting implications. A value is 
placed on a given amount of mohair, 100 Kg each year, allowing quality to 
vary according to the percentages of each grade in the total clip, but 
keeping prices constant. This procedure gives a series over time of mohair 
values which vary only according to quality. The left hand column of Table 
3.2 and the solid line in Figure 3.2 show the results of this exercise, 
using 1982 prices. Once again the decline in overall quality is evident, 
though perhaps more so in the table than the graph because the scale of 
the latter is so large.  

 
What makes these figures particularly interesting is that they show 

directly what the impact on farmers' incomes is of the trend in quality. 
For example, a farmer who sold 100 Kg of mohair, equivalent in quality to 
the national average, would in 1967 have earned M 621.44 (less deductions 
by the S.A. Mohair Board and the LPMS), whereas in 1982 he would have made 
only M 588.46. Certainly this represents a decline in income, but a point 
worth noting is that in percentage terms it is rather small: the 1967 
figure is just 5.6% above that for 1982. The largest differences are to  
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largest differences are to be found between the hypothetical income for 
1970 and the figures for 1980 and 1981, these being 15% and 19% 
respectively, but they are considerably above the rest, and the third 
largest difference is 7.3%. It cannot be said that the differences are 
artificially reduced by using an unusually narrow range of prices, because 
in 1982 there was a greater spread between the prices for the best and the 
worst grades than in any other year since 1967.  
 

What this is leading up to is the suggestion that the difference in 
income resulting from the decline in mohair quality may not be large 
enough for farmers really to notice it. This is particularly the case 
because the world market for mohair, of which the auctions at Port 
Elizabeth are an important part, is notoriously volatile. One reason given 
by people in the trade is that mohair is used in high fashion products and 
therefore subject to substantial swings in demand. Added to this are 
variations due to alterations in exchange rates between the South African 
rand and the currencies of the importing countries. Consequently the 
average price for mohair of any given grade may well change quite sharply 
from one year to the next, causing equally marked alterations in farmers’ 
total incomes from mohair and very effectively masking any changes due to 
trends in the quality of their product.  

 
Evidence for this can be seen in the right hand column of Table 3.2 

and the dotted line in Figure 3.2. These show for each year the value of 
100 Kg of average quality mohair computed at current prices, which can be 
compared with the corresponding value each year at constant prices. In 
contrast to the fairly steady if gradual decline in terms of constant 
prices, (at least up to 1981) the value at current prices rises quite 
rapidly from 1967, with a very large final jump from 1977 to 1978, 
followed by lower figures thereafter. In four years, from 1975 to 1978, 
the increase at current prices as from M 372 to M 973, a rise of 260%, and 
then over the next two years there was a fall back to M 569, a decline of 
42%. This year, 1983, there has been a leap upwards in price again, and 
though no average price is yet available, the S.A. Mohair Board reports 
that the increase is substantial; (also all the accumulated unsold mohair 
has been purchased). Given these large changes in price due to market 
conditions, it cannot be expected that the market alone would make farmers 
very aware of the effect of quality on their earnings, which is very 
modest by comparison.  

 
It might be argued that this is the wrong way to look at the issue: 

that the effect of the decline in quality on income was rather small since 
1967 because quality in that year was already low. The proper comparison, 
it could be said, is between quality now and what could be achieved if 
proper animal husbandry practices were followed. For example, over the 
last three years an average of 37% of sales were accounted for by three 
grades, BSTN, BSDY and BLOX, which are inferior because they are dirty in 
some way: either slightly stained, contaminated by seed, or badly stained 
with urine and dung. (These three grades make up Croup C in Table 3.1). By 
keeping the animals out of tall, seedy vegetation and by making the 
kraals, or pens, larger and  
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cleaning them regularly, the mohair in the grades could be raised to 
higher grades. These steps could be taken and produce results in a single 
season.  
 

The calculations can be made quickly to show what the benefits would 
be of these improvements. Let us assume, for the sake of illustration, 
that all the mohair in these three grades was eliminated and distributed 
instead among the upper grades in which they would be likely to fall, 
grouped under A and B in Table 3.1. The average value of 100 Kg of mohair 
over the three years 1980 to 1982 would have been raised from M 551 to M 
629 at 1982 prices, an increase of 16%. In practice the percentage 
improvement would probably be somewhat less than this because some of the 
dirty grades are likely to be found even under the best management.  

 
This is an appreciable increase, though once again very much smaller 

than the kinds of changes that can take place as a result of market 
fluctuations. Even if farmers were made aware of the benefits by their 
extension advisors, there is a real question as to whether all of them 
would take the necessary steps to eliminate dirty grades, for in terms of 
effort they are by no means costless, though there is no objective way to 
evaluate the cost in terms of money. In sum, when constant prices are used 
to evaluate them, the benefits to cutting back sharply on seed and stain 
are clear, at least where the cost of achieving this is low, but they are 
not overwhelming.  

 
Besides keeping the goats' fleeces clean, quality can be improved 

through good breeding and good nutrition. Nutrition will be considered in 
the next section, but a detailed study of the net returns to better 
breeding would be complex and lengthy. Here a short cut will be taken to 
estimating the gross benefits of better management, combining the benefits 
of both cleaner fleeces and better genetic quality mohair, but not 
allowing for the cost of obtaining them.  

 
This is done with the help of the data in Table 3.3. This table 

allows a comparison to be made between Lesotho and South Africa of the 
value, at current prices, of 100 Kg of average quality mohair. As farmers 
in South Africa have access to many more resources than the average 
Masotho farmer they are much better placed to adopt the sound management 
practices, including breeding with the use of high quality (and expensive) 
sires, recommended in order to produce good mohair. Hence, the degree to 
which the average price in a certain year is higher in South Africa than 
Lesotho might be used to derive a very rough indication of the increased 
income which Basotho farmers could obtain if their management were better.  

 
An interesting aspect of the table is that it does not show a 

consistent trend in the relationship between the average values of mohair 
in the two countries. If South African mohair were close to being the best 
possible in quality while quality in Lesotho had been steadily declining, 
one would expect to see the divergence between the  
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average prices increasing over time. This expectation is not borne out by 
the figures in Table 3.3 and year-by-year variations in the annual data 
(not shown here) are even less consistent. It would be instructive to know 
the reasons for this--possibly the decline in quality has not been long 
run, for example, or perhaps there is a problem in the way average prices 
are calculated--but at this stage the author has no explanation.  
 

At present there are no grounds for doubting the validity of these 
figures. Over the fifty year period covered, the average difference 
between the value of Basotho and South African mohair has been 37%, and 
since 1955 it has been 28%, which is rather modest, given the expense 
which must be incurred of buying new sires, providing better feed and 
culling undesirable animals. If this picture is accurate, the likely 
addition to income from better overall management is notably less than the 
changes that have been brought about in the past from fortuitous 
variations in the demand for mohair,  

 
This is not to say, it must be emphasized, that a good farmer should 

not try to improve the quality of the mohair he produces. Any farmer 
wishing to maximize his income from mohair production should improve his 
management and breeding wherever possible, providing the benefits outweigh 
the costs. However, it is appropriate to conclude that the losses farmers 
sustain by not producing much better quality mohair may well be obscured 
by changes in income which have nothing to do with quality or animal 
husbandry.  
 
4. TRENDS IN PRODUCTION AN D MOHAIR YIELD PER COAT  
 

There have been considerable changes in the volume of total 
production over the years. Data are available since 1893, one of the 
earliest years of the mohair industry, to 1982, with only one gap of six 
years from 1911 to 1916. The figures are grouped into five year averages 
in Table 4.1, then depicted in graphical form in Figure 4.1.  

 
What the production figures and the graphs show is that there have 

been two major peaks in total output, one in the early 1920's and the 
second in the first half of the 1960's, when total production was 1,000 
tons a year. In between the two peaks output fell to less than half that 
amount and most recent production has been equally low. It is 
understandable that looking over the past 20 years concern should arise 
over the decline in output, but it is also clear from a longer view that 
there was as severe a decline in the past from which there was complete, 
though certainly not permanent recovery.  

 
In addition, Table 4.1 gives figures on the total numbers of goats 

in Lesotho, and these too are graphed. Unfortunately, these data are only 
available for part of the 89 year period, but for the almost 50 years for 
which they do exist, the correlation between the number of goats and the 
volume of output appears very close. The implication is  
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that the amount of production has depended largely on the goat population 
in the country, and that mohair yield per goat, also shown in the table 
and the graph, has fluctuated much less.  
 

The question then arises as to why the number of goats should have 
changed as it did. Answering it in depth would take this paper beyond its 
main purpose, for, as was mentioned in the Introduction, the reasons 
farmers have for keeping goats are not all economic, and even if they 
were, the full explanation would be complicated by interactions between 
the reasons for holding goats and those for maintaining cattle and sheep. 
However, there are two points that should be made here.  

 
The first is to refute a possible explanation of why goat numbers 

increased in the 1960's. In Lesotho it is well known that the number of 
cattle in the country has been influenced by imports which in turn h                                                    
ave been correlated, at least at times, with the wages of migrant workers, 
the implication being that the migrants put their savings into livestock. 
A parallel in the case of goats cannot be supported from the available 
data, for the figures on goat imports have not risen above 1,000 animals a 
year since the Second World War, and therefore have been far too small to 
have had a noticeable impact on the overall goat population.  

 
The second point is to suggest tentatively that the fluctuations in 

goat numbers might be due, at least in part, to the combined effect of 
changes in both the market and the natural climates. The increases in goat 
numbers that took place in the 1960's and may have taken place in the 
years before 1925 were preceded by periods of higher mohair prices than 
there had been before, while the lower populations of the 1930's were 
associated with a period of very much lower prices (see Table 4.1). Hence 
farmers may have been responding to changes in the economic benefits of 
raising goats. At the same time, the larger goat populations of the 1960's 
also followed periods of higher than average rain, which would have 
improved the quality of the range and the rates of conception and survival 
of the goats (for trends in rainfall see, for example, Eckert et al., May, 
1982, p. 10). On the other hand, it is less apparent that rainfall had 
anything to do with fluctuations in the number of goats in earlier years. 
It might also be thought that rainfall was connected with the increase in 
mohair yield per goat in the 1960's, but here the lag between the rain and 
its possible effect seems to be longer than reasonable. Clearly these 
hypotheses about causes and effects need to be more carefully examined, 
but they are offered here as initially plausible.  

 
From the point of view of this paper there is a more critical puzzle 

to deal with. This emerges when comparing the mohair yield per goat in 
Lesotho with that in the RSA. The few observations available on the latter 
are also given in Table 4.1, in the right hand column. These show that an 
Angora in South Africa produces on average 3.5 Kg or more per year, which 
is actually a rather conservative figure according to the S.A. Mohair 
Board. Ever: so, it is three-and-a-half to five times  
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higher than the yield per goat in Lesotho, and it implies an equal 
difference in gross income received per goat.  
 

The comparison of gross incomes received must not be left on a per 
goat basis because the high South African yield figures are obtained with 
much lower stocking rates than exist in Lesotho. Hence a fair comparison 
must be on the basis of gross income per flock, and goat numbers must be 
reduced while the mohair yield per goat goes up. Suppose goat numbers were 
halved, which is consistent with discussion later in this section. A yield 
per goat three-and-a-half times higher than at present would result in a 
75% increase in gross income per flock, while a yield five times higher 
would bring in 150% more gross income. These increases are notably greater 
than the potential increase in income due to improvements in quality 
alone. Furthermore, though the benefits from potential quality and yield 
improvements have been treated separately up to now, this is only for 
analytical convenience. In fact, they tend to go together because 
husbandry that improves the one will generally improve the other and the 
benefits from the two should be added. At this stage the argument that 
fluctuations in market prices produce large changes in income which reduce 
the significance of improvements in husbandry, while perhaps not 
completely invalidated, is at least rendered a good deal less convincing. 
Other explanations for why farmers have not tried to raise the 
productivity of their goats must be sought.  
 
5. FARMERS' INCENTIVES  
 

There are at least four possible explanations for why farmers have 
not pursued the targets of higher mohair quality and yields, each of them 
really a hypothesis about farmers' incentives regarding the ownership and 
management of goats. The first is that farmers do not keep their animals 
for their income earning capacity but for prestige, as a store of wealth 
or as a means of paying bride price, and that therefore they are 
indifferent to the economic benefits from improving their productivity. 
There are two points to be made here. One is that these motives are 
generally more closely associated with cattle than sheep or goats. The 
other is that, even if goats are held for the kinds of reasons suggested, 
it does not follow that farmers would necessarily be indifferent to the 
income they could also earn from their livestock. Providing a source of 
cash for those who manage them does not diminish goats' ability to fulfill 
the other functions allotted to them, and it seems unsafe to assume that 
farmers would be uninterested in the money.  

 
A second explanation is that the incentive to raise productivity is 

absent because farmers are not aware of the economic benefits they can 
obtain. Average yields have not been close to 3.5 Kg per animal in Lesotho 
for many years, if ever, and Basotho farmers do not come into contact with 
the South African farmers who obtain that kind of yield. If lack of 
knowledge is the problem, the remedy is improved extension, first of all 
finding out what farmers do and do not know about the  
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productive potential of their goats, and then making use of the farmers' 
associations to pass on to them the information they require.  
 

The third possible explanation is that many Basotho farmers may be 
more interested in meat production from goats than mohair. As Angoras are 
smaller and have considerably less meat on them than Boer goats, a 
reduction in the purity of the Angora is a gain rather than a loss from 
this point of view. Besides, Boer goats have better kidding and survival 
rates, and herds can be built up quicker the less Angora they have in 
them. More research needs to be done to ascertain what the economic trade-
offs are between meat and mohair, but the guess is hazarded here that goat 
meat production only has a chance of being more attractive economically 
than mohair under the existing, poor range conditions when the goats 
cannot get enough to eat to produce mohair well. This point ties in with 
the next explanation.  

 
While the explanations considered so far are certainly worthy of 

attention, the possibility that is most compelling is that the high yields 
per goat obtained in South Africa are not feasible under Lesotho's current 
range conditions, and the farmers are aware of it. High yields and high 
quality are achieved through a combination of good goat breeding and 
adequate feed. A farmer can breed his goats well if he buys the good 
quality sires and castrates his inferior billy-goats, but he cannot be 
sure that his investment of M 150 or more in the good Angora will be 
profitable unless he can be sure of enough feed, and he certainly cannot 
be sure of obtaining this from the communal range. If anything, the 
reverse is the case, that is he can be fairly confident that his goats 
will not obtain sufficient food value from the range because, as was 
pointed out in Section 2, it is severely overstocked and overgrazed.  

 
Possibly he could ensure a good return if he grew fodder on his own 

fields. The costs and benefits of doing this have not been worked out, but 
the following points are clear. (a) The poorer the range, the more the 
fodder that has to be grown and the lower the net profits from the mohair. 
(b) The average farm size in Lesotho is about two hectares, and growing 
enough fodder would very often compete with growing enough food for human 
consumption, even allowing for potential double cropping and the use of 
marginal land unsuitable for food crops. In short, the benefits to 
improved husbandry are at least much more attractive, and perhaps only 
significantly positive, if there is access to good range. This is 
supported by indications that South African farmers spend very little on 
growing or purchasing feed: in 1978 a typical figure for sheep was 
estimated to be less than R 1 per animal per year when there was normal 
rainfall (see RSA Division of Agricultural Production Economics, 1978, and 
Jamnek and Lombard, 1978); the same situation can be assumed to hold for 
goats and while inflation must have raised the amount it must still be 
very low.  

 
There is considerable debate over the precise extent to which the 

range in Lesotho is overstocked, and hence the proportions by which the  
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numbers would have to be reduced before the range would be maintained in 
good condition, (see Eckert et al., May 1982, pp. 169-170), and certainly 
it must vary from place to place and year to year. However, a commonly 
accepted estimate is that the number of animals is roughly double what it 
should be and that farmers should halve their numbers of animals.  
 

The critical problem is that no individual farmer owns enough 
animals that he alone can affect the general stocking rate on the communal 
range and hence the range forage available to his flock. Not only does 
this mean that a farmer has no incentive to reduce the number of animals 
he puts on the range, it means on the contrary that he has every incentive 
to increase his flock size: the larger it is the more use he is making of 
what, to him, is a free good. Hence any action to reduce stocking rates 
must be taken either communally or by the government if it is to be 
ensured that the numbers of animals involved are large enough to make a 
difference. The question of what actions are feasible and appropriate in 
this sphere is one of the most frequently discussed policy issues in 
Lesotho, as it is in other countries with communal range.  

 
Furthermore, goats cannot be treated in isolation. In fact, their 

impact on the range is rather minor compared to the total impact of 
livestock of all kinds. While there were 766,535 goats on the range in 
1980, there were also 590,021 cattle and 1,168,404 sheep, plus about 
100,000 each of horses and donkeys. In Lesotho it is common to regard 
goats and sheep as constituting 0.2 of a Large Stock Unit (LSU) each, 
while cattle count 0.8 of an LSU; (if anything, this is a rather generous 
estimate of the impact of goats, see Meissner, 1982). Using these figures, 
goats accounted for a little less than 20% of the total LSU's accounted 
for by cattle, sheep and goats taken together.  

 
It is true that there are some differences in the kinds of forage 

that the various kinds of animals seek out on the range, but there is 
sufficient overlap that controlling the number of goats alone would have 
little or no benefit for them. Hence, if improving the quality and yield 
of mohair in Lesotho is to be tackled with a high probability of success, 
steps should be taken simultaneously to reduce the stocking rates for 
cattle and sheep as well as goats.  
 
6. SUMMARY AND CONCLUSIONS  
 

A review of the evidence shows that there has been a decline in the 
quality of mohair exported from Lesotho, at least since 1967, the first 
year for which data on quality have been found. On the other hand, there 
is little sign of a steady downward trend in mohair yield per goats, 
though there is still ample cause for concern because yields in this 
country have been far below potential.  
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It is argued here that a major reason (though not necessarily the 
only one) why farmers have not responded vigorously to calls to remedy 
this situation is that the economic incentives have either not been clear 
or not been sufficient. Where quality is concerned, calculations show that 
the potential increase in gross income due to improvement is from 25% to 
40%, which is significant but not very large, especially in comparison 
with the fluctuations in income due to changed market conditions. The 
demand for mohair is notoriously variable, and the consequent alterations 
in prices have easily masked any decline in income due reductions in 
quality.  

 
The situation with regard to yield is different, because here the 

potential increase in gross income is not so modest. Per goat the amount 
of mohair produced can be increased from three-and-a-half to five times 
over. Per flock the increase in gross income would be less because the 
number of goats on the land would have to be reduced to obtain the higher 
yields. If numbers were halved, the overall rise in gross income would be 
from 75% to 150% still a substantial increase. Moreover, whatever benefits 
follow from improved quality would be added to this, for quality and yield 
are improved in company with one another rather than independently.  

 
A possible reason why most farmers have not sought to pursue these 

benefits is that they do not perceive them as being feasible under 
existing conditions. In order to raise yield per goats to its full 
potential two steps are necessary: the genetic purity of the Angora goats 
must be increased through better breeding, and the nutrition available to 
them must be improved. Without better feeding the benefits from better 
genetic potential will not be fully realized and the investment in good 
Angora sires not as profitable as it should be, or perhaps not profitable 
at all.  

 
The difficulty from the point of view of the farmer is that his 

goats rely mainly on the overgrazed communal rangeland to obtain their 
food. To increase the amount of forage available on the range, stocking 
rates would have to be reduced, perhaps by about half, as suggested above. 
The main problem is that there is nothing a farmer can do as an individual 
to alter the stocking rate and thereby bring about an improvement in the 
range. In fact, from his own point of view, the farmer will derive more 
benefit from this communal resource the more animals he can acquire, but 
none of them will be well fed. Buying or growing enough feed to make up 
for the deficient range is a possible alternative -the economic returns 
have not been worked out -but the worse the range the more the 
supplemental feed that has to be provided and the lower the net returns to 
the farmers. In sum, as long as the range is in poor condition the 
incentives to improve livestock management are doubtful.  
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The need to do something to regulate stocking rates and improve 
management of the range in order to reverse its deterioration is well 
recognized by government, and experiments are being carried out with 
grazing associations to achieve this end. Cattle, sheep and goats are all 
included because they compete for the same ground. The findings of this 
paper strongly support these efforts. They also show that, while goats may 
be held for motives other than their capacity to generate cash income, it 
does not follow that farmers are indifferent to the economic benefits from 
improving their livestock management, at least in the case of goats. Their 
behavior, in other words, is consistent with a considerable degree of 
economic rationality, a conclusion that has also been reached by others 
(see Tiedeman et al., July 1983). Certainly it cannot be expected that 
farmers will change their present livestock management practices unless 
they have good economic reason to do so, and this means altering the 
structure of range management.  

 
The figures on which the analysis of this paper has been based have 

permitted judgments to be made only about the gross returns to mohair 
production. Among the further topics for research which suggest themselves 
are the costs and net returns to improving range and livestock management. 
If it is established that the potential profits from mohair production are 
quite attractive, there is a corollary to the conclusion that better range 
management is a necessary condition if improved goat husbandry is to pay 
off, namely that the profitability of mohair can be promoted as an 
incentive to persuade farmers to make the experimental grazing 
associations successful. It would also confirm that the income generating 
capacity of Lesotho's extensive rangelands is very considerable and a 
source of hope for the future development of the country.  
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Table 3.1. Trends in the Quality of Lesotho Mohair Sales, 1967 to 1982.  
 

 
Year 

 
Grade Groups 

 
Estimated 
Unsold 

---------------------------------------------------- 
A B C D Total 

------------(percentage of total sales)------------ 
 

 
1967 

 
9.4 

 
39.4 

 
27.4 

 
23.6 

 
100 

 
- 

1968 9.7 39.9 27.3 23.0 100 - 
1969 
 

7.6 
 

39.4 
 

28.3 
 

24.6 
 

100 
 

- 
 

 
1970 

 
7.2 

 
43.9 

 
27.2 

 
21.8 

 
100 

 
- 

1971 6.0 44.7 30.1 19.3 100 - 
1972 5.1 42.9 33.5 18.6 100 - 
1973 5.5 46.3 28.2 20.0 100 - 
1974 
 

1.8 
 

35.0 
 

38.8 
 

24.3 
 

100 
 

- 
 

 
1975 

 
3.2 

 
37.6 

 
33.8 

 
25.3 

 
100 

 
- 

1976 - - - - - - 
1977 4.6 35.6 32.1 27.5 100 0.9 
1978 4.5 34.9 37.4 23.1 100 1.2 
1979 
 

4.3 
 

36.8 
 

31.4 
 

27.4 
 

100 
 

8.0 
 

 
1980 

 
3.1 

 
25.6 

 
32.5 

 
38.8 

 
100 

 
13.4 

1981 2.7 22.6 35.3 39.4 100 99.1 
1982 
 

4.3 
 

27.8 
 

42.9 
 

25.0 
 

100 
 

57.6 
 

 
Period 

 
---------------(average percentages)---------------  

67-69 8.9 39.6 27.7 23.7 100  
70-74 5.1 42.6 31.6 20.8 100  
75-79 4.2 36.2 33.7 25.8 100  
80-82 

 
3.4 
 

25.3 
 

36.9 
 

34.4 
 

100 
  

 
Source: Calculated from data on mohair sales in Lesotho Bureau of   
 Statistics, Annual Statistical Bulletins. 
 
Grade Groups*: A – BKL, BKS, BFM1, BFM2, BFM3 

B – BML, BMS, BSL, BSS 
C – BSTN, BSDY, BLOX 
D – BCM, BGREY 
 

* See next page for grade definitions. 
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Appendix Table 3.1. Grade Definitions for Basotho Mohair* 
 
BKL 
 
 

Fleecy fine hair from kids, of good style and character, only 
slightly kempy** and six inches and over in length.  
 

BKS 
 
 

Fleecy fine hair from kids, of fairly good style and character, 
only slightly kempy and under six inches in length.  
 

BFM 1 
 
 

Fleecy hair of good style and character, only slightly kempy, not 
coarse or strong quality, and eight inches and over in length.  
 

BFM 2 
 
 
 

Mohair of fairly good style and character, not coarse or strong 
quality, only slightly kempy, and between six inches and eight 
inches in length.  
 

BFM 3 
 
 

Mohair in all respects the same as BFM 2 but under six inches in 
length.  
 

BML  
 
 
 
 

Mohair unsuitable for type BFM 1, BFM 2 and BFM 3 on account of 
being slightly coarser or more kempy, but not excessively kempy, 
with only average style and character, including matted hair, and 
six inches and over in length.  
 

BMS  
 
 

Mohair in all respects the same as BML but under six inches in 
length.  
 

BSL  
 
 
 

Coarse quality mohair, including strong britches and necks and 
rams' hair, not excessively kempy and eight inches and over in 
length.  
 

BSS  
 
 

Mohair in all respects the same as BSL, but under eight inches in 
length.  
 

BSTN  
 
 

Mohair stained by vegetable matter and hair slightly kraal stained 
(urine stained hair and LOX excluded).  
 

BSDY  
 

Mohair containing seed and/or other vegetable matter.  
 

BCM 
 
 

Mohair containing excessive kemp, inferior mushy hair and hair 
generally known as crossbred hair, excluding any colored fibers.  
 

BLOX Urine and dung stained hair.  
BSKIN, BDEAD and BBRANDS are other defined grades, but insignificant 
quantities of them are sold. 
  
*  Taken from Uys (February 1977, pp 133-134). 
** Kemp is hair from a goat of a non-Angora type. 
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Table 3.2. Value of Lesotho Mohair Sales at Constant and Current Prices, 
1967 to 1982.  

 

Year 

Constant 
1982 Prices 

Current 
Prices 

--------(c/Kg or M/100 Kg)-------- 

 
1967 

 
621 

 
 88 

1968 622  69 
1969 
 

606 
 

- 
 

 
1970 

 
623 

 
 93 

1971 618  75 
1972 609 181 
1973 612 298 
1974 
 

568 
 

234 
 

 
1975 

 
582 

 
372 

1976 - 476 
1977 581 485 
1978 586 973 
1979 
 

581 
 

871 
 

 
1980 

 
541 

 
569 

1981 523 573 
1982 
 

588 
 

588 
 

 
 
Sources: Constant prices - author's calculations Current prices - as for 

Table 3.1  
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Table 3.3 Comparison Between the Values of Lesotho and South African 
Mohair at Current Prices, in Five Year Averages, 1932 to 1982.  

 

 
Period 

 

 
Lesotho 

 
RSA 

 
RSA/Les 

 
(c/Kg or M/100 Kg) 

 

 
(ratio) 

 
 

1932-34 
 

 
  6 
 

 
  9 
 

 
1.5 
 

1935-39  21  31 1.4 
 

1940-44 
 

 17  29 1.7 

1945-49  25  28 1.4 
 

1950-54 
 

107 144 1.4 

1955-59 133 157 1.2 
 

1960-64 
 

116 168 1.5 

1965-69  89 119 1.3 
 

1970-74 
 

197 211 1.1 

1975-79 636 774 1.2 
 

1980-82 
 

 
567 
 

 
779 
 

 
1.4 
 

 
Sources: Lesotho prices – see Table 3.2 

RSA prices – S.A. Mohair Board, via Lesotho Livestock Products 
Marketing Service. 

 
Note: The price ratios above are averages of annual price ratios, and are 
not calculated from average prices in the above table.  See the note to 
Table 4.1. 
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Table 4.1. Trends in Goat Numbers, Total Mohair Production and Mohair 
Yield Per Goat in Lesotho, and Mohair Yield Per Goat in the 
Republic of South Africa, in Five Year Averages, 1893 to 1979. 

 

Period 
 
 

 
Adjusted 
number of 
goats 
 

Production 
of mohair 

Mohair 
per goat 

Current 
mohair 
price 

Mohair 
per goat 

(thousands) 
 

(tonnes) 
 

(Kg) 
 

(cents/Kg) 
 

(Kg) 
 

 
1893-94 

 
    - 

 
   22 

 
   - 

 
 12.8 

 
  - 

1895-99     -    46    -  17.6   - 
1900-04     -   145    -  15.2   - 
1905-09     -   299    -  15.5   - 
1910-14     -     -    -     -   - 
1915-19     -   980    -  31.7   - 
1920-24     - 1,013    -  24.4   - 
1925-29     -   919    -  26.8   - 
1930-34     -   530    -   7.2   - 
1935-39   597   440  .76  21.3   - 
1940-44     -   552    -  16.8   - 
1945-49   695   680  .95  24.5   - 
1950-54   689   573  .79 107.4   - 
1955-59   664   481  .73 113.2 3.4 
1960-64   805   755  .93 115.5 3.8 
1965-69 1,027 1,072 1.00  89.4 - 
1970-74   941   779  .80 197.3 3.5 
1975-49 

 
  687 
 

  484 
 

 .71 
 

635.5 
 

3.5 
 

 
Sources: Lesotho data from Lesotho Bureau of Statistics, Annual Statis-

tical Bulletins. South African data from RSA Division of 
Economic Services, Department of Agriculture, Abstract of 
Agricultural Statistics.  

 
Note: Average mohair yield per goat for the five year periods in Lesotho 
is calculated by taking the average of the annual mohair yield figures, 
not -it must be emphasized -by dividing average production by average goat 
numbers in the above table. The latter approach would produce different 
results where the ratio between production and goat numbers varies 
considerably from year to year.  
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A REALISTIC LOOK AT LIVESTOCK 
RESEARCH AND DEVELOPMENT IN LESOTHO 

 
Earle W. Klosterman 

 
A multitude of project papers, donor conferences, consul tant and 

project reports, government reviews, etc. have thoroughly discussed what 
should be done to improve livestock productivity in Lesotho. However, very 
limited information is available on what can be done to attain this goal. 
Many of the things that should be done are quite obvious to even the 
casual observer. Given the many geographic, economic, social, political, 
and customary factors which influence livestock production in Lesotho, the 
question of what can be done presently becomes much more difficult.  

 
With adequate technological input, certain commercial enterprises; 

notably poultry, dairy and cattle feedlots, have proven successful. 
However, with the technological supervision, capital inputs and markets 
required, it has not been possible to extend these operations to large 
areas of the country. If total livestock development in Lesotho is to have 
a meaningful impact upon the well-being of the nation, a much higher 
percentage of village farmers must become involved. As pointed out 
previously (3), if permanent improvements in livestock production are to 
be realized, it must be done by farmers with their animals, resources, 
desires and abilities. Communication and demonstration are not enough. If 
farmers do not do it, it will not be done. All possible methods, including 
commercial and improved village farming systems, must be used to fully 
develop the great potential contribution of livestock to Lesotho's economy 
and quality of life.  
 
LIVESTOCK’S POTENTIAL CONTRIBUTION  
 

Lesotho's rangelands are fully recognized as the nation's greatest 
natural resource. Historically, they have carried about one million large 
stock units (LSU). At this level of stocking, a very high percentage of 
the total feed available is used to maintain life of these animals with 
only limited nutrients remaining for the production of useful products. 
Recent government policies, such as the Land Act of 1979 and the Grazing 
Act of 1980, will enable the establishment of more productive stocking 
rates. However, full implementation will require time and cooperation of 
the people. What can be done now to expedite this process?  
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Disparity of livestock ownership is one of the frequently mentioned 
constraints to total agricultural development. Percentages of households 
managing the various species of livestock, obtained from survey samples 
taken in each of the ecological zones, have been published in RD-B-11(2). 
Although there is considerable variation among areas and animal species, 
when poultry are included, from 75 to over 90 percent of the family 
households interviewed managed some type of animal. Mafisa (leasing or 
sharing animals) and sharing of herders were also found to be common 
practices. Although numbers of poultry per household are small and their 
apparent present productivity low, when they are included, the percentage 
of households with access to animals is much higher than generally quoted. 
Improved poultry, pig, and rabbit production methods are potential 
contributors to the increasing number of landless households.  

 
Even though productivity is well below potential, the livestock 

sector has been the largest contributor to the gross national product, 
estimated by LASA (4) at about M27 million annually. They also reported, 
based on studies by the Sengu River, Thaba Tseka and Leribe project, “in 
relation to crop production, livestock husbandry (i.e., grazing stock) 
appears to be less risky, requires less operating capital, and in most 
instances offers a higher payoff in terms of net returns to family labor.”  

 
Contributions are too frequently expressed only on monetary terms. 

Although the potential for increased income from livestock is apparent, 
many of the values associated with animals are difficult to estimate. 
These include: family well-being and satisfaction obtained from eating 
more of the desired foods with a resultant improved nutrition, draft 
power, gatherers of fuel from rangeland, manure to fertilize crops, 
storage of food and wealth, pride of ownership, prestige and 
companionship.  

 
In years of drought, early frost or other disaster, livestock 

provide the only means of salvaging anything from the devastated crops. 
They can well utilize the fodders and any shriveled, under-grade grain 
which may be available.  

 
As has been reported by LASA(5), the forward and backward linkages 

for employment and income are greater with livestock than crops. 
Associated input and processing industries could become as important as 
the production of livestock products.  

 
Due to their mobility and relative value, livestock have played an 

important role in the early development of many countries. Prior to road 
development and other means of effective transport, livestock trails 
enabled development of viable agricultural economics in remote areas. With 
Lesotho‘s rough terrain and limited arable lands in the mountains, 
practical transport of fertilizers and grain crops will be slow in coming 
to large areas of the country. In the more accessible areas, the 
complementarity of livestock, range and crops is well known.  
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INCENTIVES  
 

Incentive is an essential prerequisite to any successful 
accomplishment. Lack of incentive has been one of the major constraints to 
agricultural development in Lesotho. Average returns from agriculture have 
been low relative to most any prevailing wage rate. With uncertain 
climatic conditions and other production problems, it is easily understood 
why farmers have developed a low-input, low-risk, low-yield cropping 
system. Certainty of perennial profit from high input system: is still to 
be determined.  

 
On the other hand, incentives to livestock ownership have always 

been high among Basotho. In fact, with communal range and the numerous 
non-monetary values listed above, incentive to ownership has led to 
overstocking and the resultant detriment to production. Cattle have been 
the preferred grazing animal and represent about one-half of the LSU in 
the country. Beef has been primarily a by-product of draft with cattle 
being sold only when a specific need for money arises. The greatest 
current livestock development need is to build an appreciation among 
farmers for the commercial role of livestock especially cattle. An 
increasing population and decreasing wage market may tend to stimulate 
this appreciation.  

 
Stockmen are well aware of the condition of their animals and hence 

have some knowledge of the amount of feed required to maintain them. 
However, there appears to be only a poor understanding of the additional 
feed needed to produce the desired products. An apparent lack of incentive 
to commercialize production may be linked to a lack of knowledge of feed 
needs and hence a lack of awareness of the potential for production. 
Livestock owners may have become so accustomed to expecting little more 
than maintenance from their animals that they do not know their potential 
for productivity. If true, much education is needed. Communication alone 
is not likely to solve this problem.  

 
Market subsidies are used in many countries to stimulate production 

of animal products in required volume and at prices the consumer is 
willing to pay. Import levies and various livestock taxes have been 
frequently mentioned as means of controlling livestock numbers in Lesotho. 
Although in the realm of government policy, would a subsidy, paid from 
levy income for a specified quality of animal at time of slaughter 
stimulate an appreciation for the commercial role of cattle and help 
reduce numbers?  

 
Innovative ideas are sorely needed to stimulate village farmers to 

consider the commercial value of their cattle. Until an incentive to 
produce and market animal products is instilled in the minds of stock 
owners, reduction of numbers and improved production will be slow in 
coming. If cattle owners at all economic levels do not do it, it will not 
be done. New incentives must supersede customary practice.  
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INPUTS AVAILABLE  
 

Efficient livestock production requires adequate amounts of feed 
inputs. Availability and condition of rangelands are well known. Crop 
residues which could be more effectively utilized are frequently left in 
the fields for communal grazing. Lands lying fallow in some areas could be 
used for feed and fodder production. A high percentage of arable land lies 
idle in winter. Crop rotations, intercropping and double cropping are 
systems by which livestock feeds can be produced in conjunction with food 
grains.  

 
Drought and early frost frequently produce under-grade grains which 

are nearly as valuable per unit of weight as sound grain for livestock 
feed. The wheat and maize milling industries produce significant amounts 
of by-products which are currently largely exported.  

 
Although perhaps considered a sacrilege by some; the need, demand 

and hence price of such foods as meat, milk and eggs, are frequently such 
that it is more profitable to feed grains to livestock than to sell them. 
Small amounts fed as supplements to range and fodders are particularly 
effective. Fodders have their highest net energy value when used for 
animal maintenance and high energy grains a-hen fed for production. Due to 
this complementarity, relatively small amounts of high energy feed will 
markedly increase the productive value of fodders. Feed grains are 
essential for economic pig and poultry production. Considering the 
scarcity and nutritional need for foods of animal origin and the lack of 
effective transport for grains in many areas of Lesotho, the idea of 
producing grains for livestock feed should not be completely discounted. 
Oats, barley, millet, yellow maize and sorghums are all well adapted for 
this purpose. A commercial farmer in remote areas could very well profit 
from feeding such grains and thus market them through livestock.  

 
With incentive and full knowledge of value, much could be done to 

increase livestock feed production and utilization in Lesotho.  
 
As reported in RD-B-11(2), only with sheep and goats are significant 

numbers of improved sires in use. Great genetic variation exists in the 
national cattle herd. Culling of old, non-productive animals and selection 
for superior ones are certainly to be recommended. However, improved 
cattle only have the capacity to produce more product; in order to do so 
they require more feed. If they do not receive adequate feed, they can not 
produce to their ability. Thus, large expenditures in purchasing improved 
breeding animals will not be justified unless improved feeding and 
management methods are also practiced.  

 
As also found in the baseline survey (2), many households manage 

poultry. However, improved poultry were practically nonexistent in these 
areas. Little information appears to be available on the present  
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and potential productivity of indigenous birds. What is their relative 
value compared to improved chickens when managed in small flocks under 
village conditions for home consumption? Can improved production be 
obtained from poultry which appear to be adapted to village conditions?  
 

Livestock production is labor intensive in that daily care is 
required. However, most of this daily effort is not physically demanding 
and can be performed by family members. Although requiring regular 
attention, there are not the peak labor loads of planting, weeding, and 
harvest associated with crop production. With proper planning and 
management, labor requirements for livestock development should not be a 
problem.  

 
Lesotho is fortunate that dip tanks, wool sheds and livestock 

improvement centers have been developed throughout the country. Marketing 
systems for wool and mohair are well established. Sale yards, trek routes, 
feedlots and an abattoir are ready for cattle marketing. All that remains 
is an incentive to sell. Hopefully, availability of a ready market will 
stimulate this incentive. A largely untapped market for milk and eggs 
appears to exist at the local, village level.  

 
Lesotho clearly has the livestock, a favorable climate, the feed 

production potential, much of the needed infrastructure and markets 
available to develop a viable livestock economy. What can be done now to 
stimulate this development among a higher percentage of livestock owners?  

 
RESEARCH NEEDS  
 

Knowledge of nutrient requirements for maintenance and production of 
all classes of livestock, value of feeds, breeds and crosses under various 
environmental conditions, physiology of growth and reproduction, and of 
many management systems is readily available. This information is 
applicable to livestock in Lesotho. The essential research need is to 
determine how this information can be applied to the present conditions 
and desires of village farmers who manage the vast majority of livestock 
in the country.  

 
A desire to change customary practices, which may have been optimal 

for non-monetary and social purposes in the past, appears to be present in 
a significant number of farmers. Many seem eager to improve the 
productivity of their livestock. How, and to what extent, this can be done 
with resources presently available to them is the scope of research 
needed.  

 
The Africa Bureau, Office of Technical Resources, Agriculture and 

Rural Development Division, USAID has prepared a Livestock Development 
Assistant Strategy Paper (1). Some direct quotations from this publication 
are as follows.  
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Decades of donor-supported livestock projects have 
generated little data that can be used in planning future 
livestock programs.  

 
Livestock development in African countries is severely 

constrained by the lack of an adequate institutional capacity 
to conduct the kind of research needed to provide improved 
livestock production technologies and to guide livestock 
development programs.... As a result, learning from experience 
and past mistakes is very slow.  

 
Mixed farming systems offer potential for a multitude of 

interventions, though more applied research is needed in non-
health areas before AID can support livestock production in 
the mixed farming context on a broad scale.  

 
African livestock production is fundamentally constrained 

by poor animal nutrition related to the scarcity and quality 
of dry season feed supplies and at least partly related to 
this, poor animal health.... It is not likely that the 
productivity of the livestock sector can be increased without 
addressing these fundamental problems.  

 
Closer links between research, training, extension and 

the farmers need to be forged.  
 
AID is aware that livestock development is a relatively 

slow process and encourages long-term program commitment 
without a rapid turnover of personnel and resources.  

 
Clearly, a need for applied animal nutrition research, extension 

education and direct farmer involvement is not unique to Lesotho. Research 
needs are primarily those of learning what improved feeding and management 
methods are feasible for the village farmer. This can only be done by 
conducting the research with farmers' animals under their own conditions. 
Results obtained must then be taught to all farmers through demonstration 
and other extension methods.  

 
WHAT CAN BE DONE  
 

What can be done now is to make a greater commitment to applied 
livestock research. In a hungry world, general opinion is that priority 
must be given to the production of food grains for direct human 
consumption. Although true, the role livestock can play in meeting food 
needs should not be forgotten. With its rangelands and other resources, 
Lesotho's livestock should not only provide meat, milk, and eggs but 
should also provide income to enable the purchase of foods for direct 
consumption. The demand for livestock products is generally such that 
price relationships favor this interchange. On a world-wide basis, there 
is not shortage of food grains but rather a lack of resources with which 
to buy them.  
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Failures of a number of large livestock development projects in 
Africa have also contributed to complacency toward the potential role of 
livestock. Unfortunately, these projects were primarily attempts to 
quickly implant foreign technology in an unknown environment. Such 
failures only reinforce the need for applied research to initiate the 
admittedly slow process of learning what can best be done.  

 
With adequate personnel, transportation and a relatively modest feed 

budget, research can be conducted with farmers now. Although some 
selection is necessary, farmers are willing to cooperate in feeding 
experiments. Once contact has been made and farmers directly involved, 
total education programs, including fodder production, range management, 
culling, breeding, etc. become much more effective.  

 
Experience has shown that conducting research with farmers and their 

animals does not lead to the highly reliable data commonly expected of 
more controlled research. The daily commitment required by farmers to 
conduct an animal feeding experiment is much more difficult than obtaining 
their permission to plant a well-designed crops experiment on one of their 
fields. However, obtaining statistically significant research data is only 
the first step in the total process of recommendation and adoption of a 
technology. Verification and adoption of a practice known to be sound from 
previous knowledge can be realized through a combined research-extension 
effort with somewhat limited data being obtained (see examples given 
below).  
 
RESEARCH IN PROGRESS  
 
Cattle Feeding  
 

In view of the farmer's need for draft power, an experiment was 
conducted primarily with oxen but with some females and young stock 
included. Procedures and results of this experiment have been published, 
RD-B-12(6). Results verified the well established nutritional principle 
that energy is the nutrient required in largest amounts by all animals. In 
the absence of adequate energy as supplied by the farmer's fodders, no 
benefits were realized from feeding a protein-mineral supplement in block 
form. Hence, the purchase of high protein supplements should not be 
recommended to the average village farmer until energy needs are more 
nearly met.  

 
Since hominy chop is the cheapest source of purchasable energy 

available in Lesotho, it was introduced as a supplemental winter feed to 
farmers in one village. It was fed at a level calculated to supply one-
half of the cattle's energy needs for maintenance. The farmers involved 
were able to see the benefits in condition and work capacity of their 
cattle and are now buying hominy chop delivered to them.  
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In both of the preceding studies, the importance of fodder 
production and harvest for use as winter feed was emphasized. Although 
time will be required to determine the degree of change in practice, an 
interest in doing so was clearly expressed by cooperating farmers.  
 
Milk Production  
 

There are cows showing evidence of dairy breeding and an apparent 
ready market for milk in many village areas. Research has been initiated 
to determine the potential production level and profitability of feeding 
hominy chop and wheat bran to such cows. Requirements for farmer 
participation include: an interest in milk production, a cow with visible 
potential, production of fodders and a willingness to keep records.  
 
Sheep Feeding  
 

Range conditions frequently deteriorate in autumn and lambing 
percentages are relatively low. Procedures have been outlined and 
cooperating farmers identified to determine the effect of flushing ewes at 
breeding time upon subsequent lamb production.  

 
Performance Testing  
 

Productivity of the national cattle herd is known to be low, but 
little information is available on variation in individual production. In 
order to measure this variation and, hopefully, stimulate an interest 
among farmers in improved production, a beef cattle performance testing 
program has been initiated. Spring and autumn weights of cows and young 
stock are obtained.  
 
Cooperative Range:  
 

With leadership in the Range Section, Research Division, a sheep and 
goat experiment is in progress at the Lekubane substation. In cooperation 
with farmers and using their animals, comparisons are being made between 
controlled and communal grazing with and without phosphorus and protein 
supplementation.  

 
The Range Section is also conducting rotational and controlled, 

proper-stocking research with village farmers. If village farmers can 
cooperatively manage rangelands available to them, increased productivity 
should stimulate adoption of these practices by other villages.  

 
Fodder Production  
 

As stated previously, a major constraint to livestock production is 
the scarcity and quality of dry season feed supplies. Interdisciplinary 
efforts are underway to increase the production of fodder crops for 
feeding in winter when they are most needed. The idea of fodder crop 
production, harvest and storage is closely linked to the development of  
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an incentive for improved livestock productivity. Much coordinated, 
interdisciplinary research and extension effort will be required to 
demonstrate the value of this concept.  
 
On-Station Research  
 

Well controlled livestock research is costly. Large investments are 
required for animals, feed, facilities, equipment, labor, etc. For this 
reason, and since it is not seen as the top priority need, extensive on-
station research with livestock is not recommended for the near future. 
However, a limited amount of applied research relevant to village 
development seems desirable. If the procedures and results of such 
research are included in the total educational process of future 
agriculture employees, the concepts learned can be more quickly extended 
to village areas. Field extension staff must play a large role in rural 
livestock development.  
 

In cooperation with the Lesotho Agricultural College, one experiment 
with growing-finishing cattle has been completed. A second has been 
planned and approved to compare the efficiency of gain and profitability 
of fattening cattle of different ages.  
 
OTHER INTERVENTIONS  
 

The research projects in progress represent initial interventions 
which may lead to improved livestock production by village farmers. 
Undoubtedly, many others exist. Would an integrated draft-beef production 
program speed up the rate of cattle turnover? Can feed grains be produced 
on farms to enable more efficient pig and poultry production in remote 
areas? Regarding sheep and goats: what relative values should farmers 
place on meat vs. wool and mohair production? Do dairy goats have a place 
in village milk production? What improved animal management and feed 
production methods should be researched and demonstrated?  

 
Due to the nature of research, not all efforts will be successful. 

If they were, research would not be necessary. Innovative ideas by all 
qualified government and donor personnel are needed. What livestock 
interventions are most likely to succeed when applied to conditions of the 
average village farmer?  
 
SUMMARY  
 

Lesotho's topography, climate and natural resources are particularly 
well suited to a livestock economy. What can and should be done now is to 
more aggressively pursue and research methods by which average village 
farmers can improve productivity of their animals. Results of successful 
interventions should then be taught to all farmers. In the long term, 
research and extension education have proven to be the most effective 
methods of development.  
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PROBLEMS IN THE DESIGN, IMPLEMENTATION AND EVALUATION  
OF EXTENSION PROGRAMS FOR TRANSITIONAL TARGETS  

--AN EXAMPLE FROM THAILAND-- 
 

Neal Walker 
 

Farming systems research and extension (FSR/E) methods can be 
characterized as a process which attempts to maximize information flows 
between the researcher/extension agent and the farmer by utilizing the 
farmer's environment as a point of exchange. Thus it is in the farmer's 
field that the researcher/extension agent learns about the farmer's 
solutions to his problems. FSR/E literature seems to assume that the 
result of an effective application of FSR/E methods will consist of 
increased farmer success (in terms of income, productivity, quality of 
rural life, or whatever) via a more effective research/extension service. 
This paper discusses a project in Northeast Thailand, the results of which 
suggest that not only are alternative results possible, but under some 
circumstances, are likely. The possibility of these alternative results 
presents special problems for project design and evaluation.  
 
THE INTENSIVE FARM TRAINING PROJECT (IFT)  
 

The Intensive Farm Training (IFT) project was designed to teach 
intensive crop production techniques to farmers with quite limited 
resources. The project involves three components: 1) research plots 
managed by IFT staff; 2) farmer participation; and 3) follow-up assistance 
to the farmer for a number of years. The second component (farmer 
participation) involves teaching various production techniques to the 
farmer who then applies them with limited supervision. The farmer learns 
techniques while the researcher learns the on-farm effectiveness of his 
research. The target population for this project is usually located in 
isolated areas with poor roads. Thus the second component of the project 
is conducted on the campus of Khon Kaen University (KKU), where a small 
Thai village was constructed for the purpose. The small resource base and 
labor-intensive farming methods of participating farmers made the 
duplication of their environment in a more convenient location 
economically feasible.  

 
Construction of facilities for the Intensive Farm Training project 

(IFT) was begun in 1977 on a 50 rai (1 rai = .4 acres) plot on the campus 
of the University of Khon Kaen (KKU). Initial project support was provided 
by the Asia Foundation and KKU. Basic project facilities consist of a 
central office, a three-rai demonstration plot, housing for  
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trainees, and training plots. The central office includes a meeting room, 
a lecture room, a cooperative shop, and cleaning and packing area. Ten 
simple Thai style huts were built for trainees next to their training 
plot. Local materials such as grass roofing and bamboo were used as much 
a8 possible to save construction costs and to provide housing that would 
be similar to their own in the village. Each hut has an elevated wood 
floor two meters above ground and consists of a nine square meter bedroom, 
nine square meter sitting room and twelve square meter corridor and 
kitchen area. A small pig pen and one-half rai hone garden plot are also 
provided. Next to each hut is a 1.5 rai training plot with provision for a 
small water reservoir. This plot is used for training in commercial 
vegetable growing techniques.  
 

The project brings 10 farmers and their families to the KKU campus 
for one year during which the farmer is trained in intensive farming 
techniques while his wife receives instruction in health and hygiene, food 
preparation and preservation, and basic nutrition. The project has a 
revolving fund from which farmers may borrow for production expenses and 
medical emergencies. All revenue from vegetable sales belongs to the 
farmer.  
 
Trainee Selection Criteria  
 

In general terms, the IFT project is aimed at farmers with small 
holdings who have--or have the potential for developing--sufficient 
irrigation water for at least two rai of vegetables. Specific criteria for 
trainees include (Progress Report, undated):  

 
1. They should be small-land-holding farmers in an area where at 

least partial irrigation is/or will be possible.  
 
2. They should have completed compulsory level education (four 

years).  
 
3. They should be less than 35 years of age. 
 
4. They should have good moral character, good working habits and be 

in good health.  
 

Usually trainee selection involves an initial recommendation from a 
village committee with a final decision made by project personnel. Since 
some of the villages from which trainees are drawn are located in 
sensitive areas near the border, cooperation with the Border Patrol Police 
(BPP) has been practiced, and a number of the trainees have been 
recommended by the BPP.  
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Training Procedures  
 

Each training group lives on campus for at least 10 months. During 
the first eight months, daily lectures are giver. to the farmers in all 
aspects of intensive vegetable growing and in some aspects of commercial 
swine production. In addition, supervisory assistance is provided as each 
farmer applies what he learns in his own training plot. Basic subjects 
taught include farm management planning, cropping systems and management, 
marketing, cooperative principles and farm tool repair. Topics covered in 
crop management include: seed germination and germination test, seedbed 
preparation, soil preparation, transplanting, spacing, fertilizer 
application, watering, pest control, and harvesting. Farmers also observe 
experimental plots managed by project personnel.  
 
BASIC AIMS  
 

The IFT project caters especially to the small farmer who usually 
has few resources, a limited education, and is often located in an 
isolated (perhaps politically sensitive) region. The aims and methods of 
the project are designed to meet the special characteristics of such 
farmers.  
 
Increased Production  
 

A primary aim of the IFT project is to develop methods of in-
creasing production and income on small farms, mainly via intensified 
resource use; and to develop methods for teaching such to farmers. 
Products emphasized are vegetables, cattle, pigs, fish and shrimp, with 
major attention given to commercial vegetable production. The reasons for 
the emphasis on vegetables are several. Rice is the major crop in the 
northeast and vegetables will not replace rice, at least not in the short 
run. Rice production is mainly rainfed, but many farmers have enough water 
to irrigate a small rice-seedling nursery prior to the rice season, and to 
grow a small patch of "something" after the rice season. Post-rice water 
availability is usually limited to two-to-four month’s duration and is 
sufficient in most cases to irrigate only one-to-two rai of land. 
Intensive vegetable production is seen as the best use for this resource, 
and as the most likely method for increasing farmer income and improving 
nutrition.  

 
For the IFT staff, developing effective teaching methods has 

required a very practical, applied approach. Participants learn mainly by 
doing rather than by listening. Lectures are apt to become demonstrations 
with active student participation. The close proximity of all aspects of 
the program (i.e., trainees, their plots, the IFT staff building and 
research plots) helps to maximize exposure of trainees to new methods and 
of staff to the results of their teaching. Thus the teaching process tends 
to flow in all directions: staff-to-farmer, farmer-to-farmer, and farmer-
to-staff. And this relationship is maintained after the farmer returns to 
his village via  
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periodic follow-up visits by IFT staff to the farm. Such follow-ups serve 
farmers by informing them of new developments, advising with respect to 
particular problems, and providing moral support to the farmer's position 
in the village; and the visits serve the IFT staff by keeping them abreast 
of conditions in the countryside and providing feedback for possible 
incorporation into future training sessions.  
 
Increased Farmer Initiative  
 

Thai society is very structured, from the top downwards. 
Historically the village has been the center of the Thai farmer's life and 
has also been the highest level of aggregation (of political power, market 
extent, etc.) confronting the farmer. The national government was for 
hundreds of years something largely outside the life of the peasant--an 
entity similar to a foreign country which could be visited (with attendant 
costs and risks) and which could be a threat, but which during good times 
could be ignored as much as possible. The farmer's place--and identity--
was in the village. However in recent years with the expansion of 
transportation and the influence of the national government, the Thai 
farmer has found himself at the bottom of the totem pole, educationally, 
politically, socially, and economically. He is still a cog in the village, 
but the village has changed from being the major influence in rural life 
to being a quite minor appendage of the market and the government. And the 
"experts" have become non-villagers--i.e., educated city people. Even the 
experts in raising crops and livestock are outsiders. All this has done 
much to undermine farmer initiative and self confidence. Farmers tend to 
discount their own abilities and to look to the government for handouts.  

 
The emphasis in the IFT project on learning by doing helps to build 

positive attitudes. Similarly living in the project village exposes the 
farmer to other farmers, like himself, that are doing things. Thus there 
is a group incentive effect. And of course, the good results achieved in a 
year of training give the farmer a financial incentive for taking 
initiative. Having seen his efforts rewarded in the marketplace provides 
incentive to take more initiatives.  
 
Knowledge of Cooperative Possibilities  
 

Informal cooperation among rural Thai's has a long tradition. Many 
farmers trade labor during peak labor seasons. Construction of weirs, 
village ponds, and of course temples, has always been a community effort. 
However, government attempts over the past 60 years to encourage formation 
of legal institutions called "cooperatives" have not been highly 
successful. In many cases, cooperatives as institutions have taken on a 
bad connotation. Even where no such negativism exists, few small farmers 
understand enough about how a cooperative works to appreciate its benefits 
and possibilities.  
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Participants in the IFT project learn how a cooperative works by 
operating their own input supply cooperative. By actually running their 
own cooperative they not only learn the benefits but also become familiar 
with how the business operates. Familiarity with cooperative business 
methods engenders confidence in coops as institutions and increases the 
probability that the farmer will actively support a coop in the future.  
 
Development of Farm-Related Skills  
 

As rural areas of Thailand become increasingly accessible, rural 
people are forced to deal more often with commercial market forces. This 
requires skills in addition to simple production abilities. Accordingly, 
IFT participants receive training in such farm-related skills as basic 
budgeting, bookkeeping (both individual and co-operative), management 
techniques, marketing and market assessment. Again, the teaching method 
employed is "learning by doing”--each farmer keeps his own books and 
budgets, and in addition, a group record is maintained. Each day a truck 
comes by the village to transport that day's produce to market. One 
trainee is designated to record (in a record book and on a large 
chalkboard) the type and quantity of produce contributed by each trainee 
family and its expected price. The table thus constructed must add 
correctly both vertically and horizontally. This is a first attempt at 
record keeping for many trainees and often a new record keeper is 
reluctant to perform before those assembled. How-ever they soon learn not 
only to do the actual recording but also to make comparisons on which 
crops bring the most revenue and to distinguish the source of profit 
(i.e., price or quantity). Trainee wives do the selling in a local market. 
Different markets are utilized so that participants can learn to relate 
market characteristics as well as seasonality to prices. Acquisition of 
such skills will open the door for IFT graduates to expand operations in 
the future, should the opportunities arise.  

 
Improved Nutrition  
 

Efforts to improve the diets of IFT participants are channeled 
mainly through the farmer's wife. She receives training in basic 
nutritional concepts to help her to understand the basis for good diet, 
and training in food preparation, food preservation and hygiene to enable 
her to apply what she learns about nutrition. Rural areas of Thailand 
typically have a wide variety of foods at relatively low prices. But 
eating habits and lack of nutritional information still result in 
malnutrition in some instances. IFT training can help to alleviate this 
situation.  
 
METHODS AND APPROACHES  
 

The IFT project has developed some unusual methods and approaches 
for accomplishing its aims. These methods are tailored to the specific  

 



 880 

cultural setting of rural northeast Thailand and often border on what 
Westerners would call the psychological or moral field.  
 
Decision-Making and Initiative  
 

IFT staff members do not tell farmers specifically what they should 
do. Rather they present and discuss the alternatives and let each farmer 
decide for himself. Thus farmers are not told what to grow, when to plant, 
when to harvest, how to market, and whether or how much to fertilize. 
Instead they are shown the results of past IFT participants and of 
research plots and left to decide. When a farmer makes a wrong decision, 
it is not pointed out to him immediately. Rather when he sees a bad result 
such as low yield or high cost--which he will see--he then is shown how to 
analyze the situation and to figure out for himself what went wrong. 
Needless to say, this process is not the most efficient one in terms of 
producing vegetables on the training plots, nor does it result in 
impressive data for project evaluations. But this is the process which the 
farmers will have to use once they return to their own farms. In terms of 
project operation, some farmers have lost money during their training year 
but such cases are the exceptions. Farmer success-or-failure is a prime 
indicator to IFT staff of the on-farm profitability of what is being 
taught as well as the effectiveness of teaching methods. As a result of 
such experience, beef and pork production presently are not encouraged, 
production of pork breeding stock does appear profitable, and alternatives 
of hybrid seed production and flowers are being considered. In each case, 
research trial plots and results are available for the farmers to study 
and questions are encouraged--but specific instructions on what to try are 
avoided.  
 
Trust and Confidence-Building  
 

Closely related to farmer initiative are attitudes of trust and self 
confidence. Early in the IFT project it became obvious that some farmers, 
even though they had agreed to participate, really did not trust the IFT 
staff. Some farmers would consistently under report their sales due to the 
fear that they would be cheated out of their earnings. This problem was 
solved, and initiative increased at the same time, via the cooperative. 
Early in the training program, the operation and rules of cooperatives are 
studied. Then the project cooperative is established. It consists of the 
storeroom (input purchase on credit) and the cash credit supply. The key 
to the storeroom is given to one farmer. The record books (credit and 
saving) are given to a second. These duties are rotated each month so that 
each farmer gets experience in operating the cooperative. When the farmers 
find themselves in charge of the valuables, the problem of distrust is 
replaced by an acceptance of responsibility.  

 
Confidence is also boosted by engendering conversation among the 

farmers. As noted above, Tai peasants, being on the low end of the totem 
pole, tend to feel quite inferior in ability to solve their own problems. 
At the same time, they have little confidence in solutions  
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proposed by outsiders. Thus when a farmer asks an IFT staff member a 
question which the farmer, because of his proximity to the problem, should 
know more about, the staff person will frequently ask some other farmer 
his opinion and thus try to get the farmers to talk to each other and 
figure out their own problems. Once the villagers get involved in 
discussing a particular problem, they find that they do have opinions and 
that they do have something valuable to offer. The problem--in addition to 
status--is that they have long thought of technology as being something 
that educated people have a monopoly on. Thus, they tend to give up on any 
problem which involves new aspects. If they can see that they do have the 
ability to discuss and solve problems, this skill will be invaluable when 
they return to their own villages and will help them to transfer what they 
have learned to their neighbors.  
 

Encouragement of discussion is also practiced by IFT staff during 
follow-up visits to the farms of program graduates. The presence of the 
staff member in the village often attracts a crowd which results in many 
questions. The staff member encourages and assists the IFT farmer to lead 
in discussion of problems which concern the villagers. This boosts the 
position of the IFT farmer in the village and lays groundwork for future 
discussions in the absence of outside prodding.  
 
Self-Help With No Subsidy  
 

Self-help is emphasized from day one. The IFT project is not a 
government giveaway program. It aims to help farmers to recognize and 
evaluate opportunities and thereby to profit from them. Credit is provided 
but repayment stipulations are strict.  

 
National identity in rural Thailand is low. Government officials are 

either feared or held in low esteem (or both). Rural Thais have 
traditionally looked to the government for whatever they could get with no 
reciprocity intended. Poorly administered government programs have 
encouraged this "take the money and run" attitude. IFT staff emphasize 
that no free ride is available. The ability and attitudes which lead to 
self-help may be the most valuable things farmers can get from their 
training.  
 
Protect the Project Village  
 

Living accommodations for trainees are intended to resemble, as 
closely as possible, similar conditions in a rural Thai village. How-ever, 
the project village is located on the campus of a large regional 
university which is on the edge of a large regional city. In addition to 
considerable incidental traffic, the project village is also an attraction 
for visiting agricultural scientists, extension agents, and government 
people. As a result, what is intended to be a typical Thai village can 
quickly take on an entirely different atmosphere which can seriously 
undermine the project operations.  
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To counter such outside influences, the project village is protected 
as much as is possible and the trainees are encouraged not to adopt city 
ways. This protection is especially important during the first part of a 
training session since Thai peasant farmers, exposed perhaps for the first 
time to urban proximity, are particularly susceptible. Some IFT failures 
have been farmers who overindulged in gambling and/or alcohol or who spent 
beyond their means for "western-type" items (e.g., watches, jewelry, 
jeans).  
 
PHILOSOPHY, MORALITY AND HABITS  
 

The IFT project, as described above, aims at teaching Thai farmers 
the principles of intensive vegetable production. These principles are 
fairly straightforward and have changed slowly over time. The difficult 
part of the project is not concerned with the production techniques as 
suck but rather deals with farmer attitudes, habits and customs which can, 
and often do, prevent effective application of the relevant techniques. An 
IFT descriptive paper (Kovityakorn, undated) lists 12 categories of items 
to be taught to trainees, as follows:  
 

1. Teach them about crop production and to apply technology 
for high yield and good quality as well as for prevention 
of production loss.  

 
2. Teach them about economic production planning by market 

analysis, cost analysis, market price fluctuations, income 
estimates, and to be responsible for production planning as 
assigned.  

 
3. Teach them how to make decisions on farm management such as 

in raising pigs and cattle.  
 
4. Teach them to trade and to supply the market regularly.  
 
5. Teach them how to preserve food, and about nutrition.  
 
6. Teach them about first aid treatment, epidemic prevention, 

and hygiene.  
 
7. Teach them to volunteer.  
 
8. Teach them how to be faithful.  
 
9. Teach them initiative, and to be orderly and polite.  
 
10. Teach them how to lead a discussion, elicit comments and 

recommendations for better results.  
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11. Teach them how to manage their leisure time. 
 

12. Teach them how to manage their money. 
 

The first three items on the above list have to do mostly with pro-
duction and management technique while items 5 and 6 are concerned with 
food consumption. The remaining items are aimed at helping the farmer make 
a transition from a traditional, subsistence-type farmer in an isolated 
village to a commercial, market-oriented farmer operating in an integrated 
modern society. Experience with IFT farmers has shown that the farmer is 
more likely to have difficulty with this transition process than with 
application of purely technical aspects of farming.  
 

Item number four (to supply the market regularly) is particularly 
important in developing market outlets. Food processors must have 
dependable supply lines. Examples of Thai farmers refusing to honor 
contracts with processors are common. Farmers must understand how market 
systems work so that they will appreciate that their long term financial 
interests are directly related to dependability. Faithfulness (item 8) is 
similar to dependability. In traditional isolated village societies 
obligations can be incurred and "carried on the mental books" for long 
periods of time. Such obligations and their eventual repayment influence 
much of the social and commercial interaction in the village. But in 
market-oriented societies, time becomes crucial. An obligation to supply 
fertilizer or produce or transportation on a certain date must be 
fulfilled on that date or not at all. Farmers must learn the importance of 
each detail in commercial transactions if they are to become involved in 
the market system. This involves a reorientation of the farmer's thinking 
habits to reflect the demands of the commercial marketplace.  

 
Farmer initiative (item 9) and engendering conversation (item 10) 

have been discussed above. Management of leisure time and of money (items 
11 and 12) are additional skills which are required in order to function 
successfully in an integrated market-oriented society. Both time and money 
must be allocated between productive and consumption uses. Commercial, 
intensive vegetable production makes new demands upon the farmer while 
exposure to the urban marketplace provides additional opportunities for 
misallocation of resources.  

 
At first glance it might appear that some of the items above do not 

constitute legitimate aims of an agricultural extension program. We are 
not accustomed to seeing moral and/or ethical aims as goals for ag 
development projects. However the records of past IFT participants 
indicate that when a farmer performs so poorly that he must be deemed a 
failure, the reason is seldom related to production techniques. Rather the 
failure will more likely be due to excessive leisure time (and thus lack 
of sufficient attention to his vegetable plots), excessive spending on 
urban-type consumption, failure to meet deadlines and/or failure to  
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honor contracts (Report on Phase II and III , undated). Rarely is a farmer 
unable to learn the technical aspects of production. If an extension 
program is to meet the needs of the farmers, it must address the factors 
which result in poor performance.  
 
PROJECT EVALUATION  
 

A project of this type presents several questions with respect to 
evaluation of both the conduct of the specific project and the type 
project itself. It should be reiterated specifically that the IFT project 
aims at a clientele which in most cases is in the process of making a 
large transition along a broad front. IFT participants are experiencing 
changes in their lives in almost every respect in going from isolated 
subsistence livelihood to participation in a modern society. And the 
society of the country as a whole is also changing rapidly. This situation 
is by no means unique, for the same can be said of the situations in many 
LDC's. Areas which have been isolated for centuries are being forced to 
adapt overnight to a vastly different paradigm. If agricultural extension 
projects which are aimed at these 'people in transition' are to be 
successful, then they must provide assistance towards change in areas 
additional to production. It is the changing situation and these 'other 
areas of assistance' which cause problems in project design and 
evaluation. Some of these problems, as encountered in the IFT project, are 
discussed below.  

 
A major problem (perhaps the problem) of many small farmers is their 

inability to adjust to a rapidly changing situation. Perhaps they cannot 
recognize the crucial elements of the change, or perhaps they cannot 
analyze the relationships or cannot abandon old ways: however the problem 
is defined, the IFT project attempts to teach the farmers to make full use 
of all their resources and to acquire habits and attitudes which promote 
adaptation to changes. But the skills and attitudes that enable a farmer 
to adapt are not necessarily specific to agriculture. One characteristic 
of small farmers is their limited resource base. People who have a small 
stake in their present situation are likely to shift jobs and/or locations 
readily. If a farmer uses his new skills to analyze his situation, and if 
he then adapts by abandoning his farm and getting a job in the city, does 
he then get marked down as a failure by the extension project which taught 
him to raise vegetables? At the present time there are many Thais working 
in Arab countries at very good wages (compared to Thai wages) and there 
are employment agencies in Thailand which are recruiting such Thai 
laborers. Young men who meet the criteria for being IFT trainees also meet 
the needs of these foreign labor contractors. Ironically, it may well be 
the IFT training (which encourages the farmer to become familiar with and 
analyze the commercial marketplace) that brings the farmer into contact 
with nonagricultural opportunities. A 1983 investigation (by University of 
Tennessee staff) of IFT graduates found several instances of IFT farmers 
who, for one reason or another, had chosen employment elsewhere.  
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Another problem in project evaluation is exemplified by the too-
successful trainee. The idea behind IFT training is that the successful 
graduate will return to his village, enjoy a higher income as a result of 
intensified resource use, and with periodic assistance from IFT staff, 
help to transfer to his neighbors his newly acquired skills. However, 
suppose that instead of teaching his neighbors, the successful farmer buys 
out his neighbors, resulting in one big rich farmer and a herd of landless 
peasants? Of course, the possibility of displaced labor is a problem for 
many agricultural projects, but the situation here is more pointed; for 
one aim of the IFT project is to adapt technology to fit the situation. 
The transitional process, at least partially abetted by the new 
technology, may make that technology redundant.  

 
The problems discussed above result, to a great extent, from the 

‘nontechnical’ components of training. Knowledge and skills required for 
increasing productivity will not be effectively utilized without 
accompanying changes in attitudes, habits and customs. The effect of this 
interplay on project design and evaluation can be summarized under two 
headings:  
 

1. What criteria should be used to evaluate an ongoing project? 
Measuring the increase in productivity ignores those gains which 
are the result of non-technical components of training and which 
are manifested in nonagricultural terms.  

 
2. If it is accepted that a target population has need of 

nontechnical training, how do you design a project so that it 
explicitly includes an acceptable mix of technical and 
nontechnical training? Here the problem is the non-quantifiable 
nature of nontechnical training.  

 
Providing answers for such issues was not a goal in designing and 

implementing the IFT project. Rather the project was designed as technical 
training and the nontechnical aspects were added or evolved with little 
fanfare. The mix arrived at appears appropriate for the circumstances, but 
given the lack of quantitative measure, little more can be said of it. 
There would appear to exist considerable scope for innovative project 
design in situations involving transitional targets.  
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ROLE OF EXTENSION IN 
 FARMING SYSTEMS RESEARCH PROGRAMS 

 
Moderator: Earl D. Kellogg; Recorder: Carolyn M. Pribble;  

Discussion Leaders: Robert O. Butler, J. Lin Compton; Marilyn E. Swisher; 
Sam H. Johnson III 

 
Dr. Earl D. Kellogg 

 
The titles of the meetings supported by Kansas State over the past 

three years have been Farming Systems Research Symposiums. As a result of 
these symposiums and other efforts, we seem to have arrived at an 
acceptable degree of understanding and agreement on farming systems 
methodology, usually stated in terns of four or five steps or stages. One 
of the latter stages is usually referred to as dissemination or extension 
or transfer of on-farm validated technology. At least two things concern 
me about these labels. First, after identifying the dissemination or 
extension step as a part of the farming system methodology, we have turned 
almost all of our attention to other steps. We discuss how to do rapid 
reconnaissance surveys, how to designate recommendation domains, how to do 
formal surveys, and how to design on-farm researcher and farmer managed 
trials. Little attention has been given to the dissemination stage in the 
methodology. Secondly, by calling this process farming systems research 
(as some people do) and by designating this latter step as extension might 
imply that this is the step where one involves extension personnel and 
programs. If this is the process WE adopt then we will do to extension 
personnel what we attempt not to do to farmers - that is to deliver 
technology which was developed without their participation.  
 

This is not a contrived concern. Several of us on the panel are 
involved in writing a new extension manual for an international agency. We 
suggested that a chapter on the role of extension in farming system 
programs be included in this publication. The reaction to this suggestion 
was that be-cause farming systems is a research approach, it has little to 
do with extension, and extension has little to do with farming systems 
research. That attitude must change for effective implementation of the 
farming system approach.  

 
The effectiveness of the farming systems approach, in my view, will 

be evaluated in the next five to ten years. I think that’s clear, given 
the number of projects that are being implemented now and knowing the 
agencies that funded them and their propensity for evaluation and 
judgment. A major criteria in this evaluation, justified or not, will be 
the degree to which these farming systems programs or approaches have 
improved the welfare of large numbers of farm families, not just the 
families living in the farm pilot testing areas. National extension 
organizations must be involved if widespread dissemination efforts are 
going to be successful. Therefore, we must cone to grips with the role of 
extension in farming systems programs in the near future.  
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The purpose of this discussion session is to: explore the role of 
extension in farming systems programs; identify some specific activities 
which might improve research and extension integration in this approach; 
and specify some needed organizational changes relative to accomplishing 
the desired integration. A secondary purpose is to identify persons who 
have interest, expertise, and experience in this topic. The Farming 
Systems Support Project will be forming a task force on the role of 
extension in fanning systems programs. The members of that task force want 
to better understand who is working on related issues; particularly issues 
related to national extension program integration in farming systems 
programs.  

 
To accomplish the objectives today, we need to have a spirited, but 

thoughtful discussion period. One-half of the session will be devoted to 
questions and comments from you, the audience. We have four panel members 
to make brief presentations to stimulate our thinking. Then we will open 
the floor for discussion and questions.  

 
Before introducing the panel members, I want to introduce Carolyn 

Pribble who is to be the recorder for this session. Ms. Pribble is an 
International Development Specialist with the University of Illinois. She 
is an agricultural economist with experience in East Africa related to 
farming systems programs.  

 
The first discussion leader is Dr. J. Lin Compton, associate 

professor of adult and extension education at Cornell University. He is 
working with a farming systems project being implemented in the 
Philippines and has substantial experience in these kinds of activities in 
Southeast Asia.  
 

Dr. J. Lin Compton 
 

"NO more research for the sake of research." The luxury no longer 
exists. We have reached the point where we are only applying or putting 
into practice a small portion of what we already know. Although there will 
continue to be a need for basic research to generate knowledge about 
phenomena we do not yet understand, nevertheless it is now imperative that 
we shift our emphasis to applied research in order to benefit the massive 
numbers of the world's small farmers who still constitute the majority of 
the global population.  

 
Farming systems research itself is a response to the continuing gap 

between the farmers' problems and scientists' research activities and 
priori-ties. But we need to go one step further and promote the widespread 
diffusion of the results of farming systems research to benefit those who 
need it most, the farmers and their families.  

 
This is the third year of the Kansas State University Farming 

Systems Research Symposium. Now that we are beginning to get a handle on 
FSR philosophy, organization, and method, it is time to start looking at 
the extension dimension.  
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Some Assumptions  
 

Before discussing the role of extension in farming systems research 
and the need for such a role, the following assumptions are presented as 
con-text:  

 
1. The varied environments, even within a single village area, defy 

quick and easy establishment of recommendation domains or domains 
which can be expected to hold stable over long periods of time.  

 
2. The discovery of new and appropriate technology is a continuous 

process. There will always be room for improvements in technology 
and practices and the discovery of new combinations of crops and 
animals. For example, the choices of inter-cropping pat-terns and 
vertical or relay cropping are endless and we are only beginning 
to understand the range of crop and animal relation-ships.  

 
3. External factors such as markets, input supply, and credit shift 

and change also, and farmers are forced to seek adaptive tech-
nology in order to cope with these shifts and changes. FSR/E 
teams can help these farmers to find ways to adapt and cope.  

 
Extension Needs FSR  
 

Extension needs to be involved in FSR processes not just in the form 
of extension workers relegated to passive observer status but as full co-
participants. Extension personnel need to acquire an FSR mentality in 
order to become good educators. No one can be an effective educator 
without under-standing the problems and the people to whom one is 
attempting to relate. Extension workers have for too long been trained and 
told to tell and train. Insufficient emphasis has been given to their need 
to observe, inquire, and learn. Some do this anyway but this is the 
exception rattier than the rule. Their potential value as an army of 
informed educators requires that they have the opportunity to become more 
knowledgeable and adept observers of scientific inquiry.  

 
Extension personnel need to develop an awareness, understanding, and 

appreciation of indigenous knowledge and to know where it does and does 
not correspond to scientific knowledge. Where it does correspond, this 
becomes a useful bridge between extension and the farmer, a bridge which 
can enhance the teaching and learning transaction. Where it does not 
correspond, this may point the way to some useful investigation to account 
for the lack of correspondence.  

 
Through involvement in FSR, extension can benefit from the careful 

diagnosis of farmers’ problems and a better understanding of farmers’ 
objectives and farming systems. Through such involvement, extension can 
become aware of research results relevant to the farmers’ situation and 
which have been carefully field tested.  
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FSR Needs Extension  
 

FSR needs to have extension involved in the process. Extension 
workers blanket the countryside and are therefore in a position of "being 
able to become" familiar with sets of conditions appropriate for 
conducting FSR into specific problem situations. Extension, because of its 
broad and continuous coverage, is in the position of being at least 
potentially able to identify on a wide-scale basis particularly 
interesting and possibly fruitful indigenous practices or innovations 
whish themselves night warrant being the subject for some good FSR/E.  

 
Extension can provide the manpower necessary to conduct FSR 

throughout large and agriculturally diverse areas. Research scientists are 
few in number and have other important responsibilities. These facts make 
it extremely unlikely that such scientists will have sufficient free time 
to concentrate on FSR activities. The scarce handful of research 
scientists in most countries cannot and perhaps should not be diverted 
away from important basic research for the sake of participation in 
applied FSR activities if the capability to conduct such research lies 
within the extension service.  

 
Extension Subject Matter Specialists (SMS) perhaps can be provided 

in sufficient numbers and with adequate professional qualifications to 
enable the stationing of teams of appropriate combinations in each 
important agro-economic zone (i.e., important from an FSR perspective). 
These teams could then be backstopped by technical advisory committees 
comprised of the few but indispensable scientists at research stations and 
universities. In this way an optimum utilization of scarce talents could 
he realized. Extension is in an advantageous position for identifying 
points of convergence and divergence between indigenous knowledge systems 
and institutionally organized, scientist-derived knowledge systems. This 
can lead to important FSR/E steps to check the validity and value of 
indigenous knowledge and practice and the relevance and adaptability of 
institutionally organized scientific knowledge.  
 
The Role of the Farmer  
 

In addition to being a possessor and purveyor of indigenous 
knowledge, the famer is a potentially, if not already, valuable educator 
of other farmers. Such farmer educators represent a means of extending 
extension. I have observed first hand many times the difference in 
teaching style and jargon between extension workers and farmers. It is 
easy to contrast the technical jargon and formal style of the extension 
agent with the common language and animated style of fanners as they make 
an effort to educate others. One has to conclude that farmers are likely 
to learn from someone who communicates with them in their own terms and in 
a style with which they are familiar and comfortable.  

 
Farmers also are everyday residents of their location. Serving as 

demonstrators and educators, they are in frequent if not daily contact 
with other farmers who nay pass by and, observing some on-going 
experiment, ask questions and receive an immediate response. Extension 
agents can, at best, visit farmers once every two weeks. The timing of the 
visit may not correspond with the "teachable moment." Farmers observing, 
listening to, and  
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learning from another farmer are in a position to take what they are 
seeing and hearing and try it out on an incremental, piece by piece basis. 
Extension agents have no way of affecting such a process.  
 

Farmer-educators within an FSR/E framework should be selected on the 
basis of a set of criteria which includes a consideration of both the 
appropriateness of the farmer's agronomic conditions and his/her skill as 
an articulator/educator. Such farmers can be identified and, properly 
oriented and supported by extension, serve as effective agents of 
diffusion.  

 
We need to give much more careful consideration to the important 

role that farmer dialog groups and farmer associations, the first informal 
and the latter more formal, can play as conduits for FSR-based 
information.  

 
We now realize the falsity of the adage that, "All you have to do is 

build a better mousetrap and the world will beat a path to your door." The 
mere existence of appropriate technology does not necessarily translate 
into effective use of that technology by the mass of small farmers. There 
always has been, is now, and always will be a need for an effective 
extension education service working closely with the scientific 
establishment and the farming communities to help both learn from each 
other.  

 
Dr. Robert Butler is the Assistant to the Director of Extension at 

Washington State University in charge of futuring for the Cooperative 
Extension Service in Washington. He is also the Campus Director of the 
Jordan Valley Agricultural Service Project. Dr. Butler was the former 
Chief of Party of the Lesotho Farming Systems Research Project. His 
discipline is rural sociology.  
 

Dr. Robert Butler 
 

FSR/E is client-oriented, problem solving research, and an attempt 
to use applied research in seeking solutions to holistic problems. The 
FSR/E applied research methodology requires that adequate basic research 
has been carried out and an adequate data base exists. This is not always 
the case and I feel many FSR/E programs have little chance of sharing in 
success during the early years of implementation due to the lack of basic 
research. In Lesotho we found research data to have disappeared and to 
have been carried out of the country by ex-patriots in many cases. The 
model attempted in Lesotho with the WSU contract on LFSRP resulted in 
developing interest and influence with colleagues and middle management. 
This was much more difficult to accomplish. It appears that after four and 
one-half years the approach to interest colleagues has been successful. 
This has been accomplished by involving extension workers with planned in-
service training pro-grams and with continuous individual contact with 
district-level staff.  

 
By identifying three prototype areas and concentrating the efforts 

in both on-farm trials and extension involvement, it has helped to 
increase the chance of success. A more major question for the future is 
acceptance of the concept on a larger geographical area and being 
institutionalized within the Ministry.  
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The chance of a fairly high level of integration is possible due to 
the low level training and support available to extension agents 
presently. The in-service training and the FSR/E bulletins provided by the 
efforts of the project are much better than anything else available and 
meet the needs of present extension agents.  

 
Institutionalizing of the FSR/E concept and methodologies into the 

existing Ministry structure will be the key to the overall success of the 
program and to project contracts. At present I feel FSR/E contracts and 
projects are not directing enough attention to planning and/or 
implementing institutionalization. For many Ministries we are asking for 
major changes within their institution. It requires a collaborative effort 
between the contract staff and the national project staff, plus the parts 
of the Ministry most directly affected, such as research and extension. To 
plan for the level of integration desired, requires a planning effort and 
an outlining of the present structure.  
 

Three components to consider for the institutionalizing of FSR/E 
into the existing divisions, units of the Ministries, are as follows:  

 
1. A rapid reconnaissance study (Sondeo) survey of the ministry, the 

divisions to be closely associated with FSR/E. This Sondeo 
methodology must look at the present strengths and weaknesses of 
the present organizational system plus identify where changes 
will be necessary.  

 
2. A well planned and agreed upon training program to inform all 

levels of the Ministry and university, regarding the FSR/E 
concept. This training program may be in-country or part of it 
outside the country for particular emphasis. Training programs 
must be on-going with generally one or two major topics per 
session.  

 
3. A periodic monitoring of the institutionalizing efforts is also 

necessary -a flexible plan that allows for alternative 
procedures.  

 
FSR/E projects cannot hope to be successful unless they are 

compatible and adjust to the existing organizational structures. Too many 
times new programs become identified as competitive and threats to 
existing programs and units. The resistance and momentum of existing 
bureaucracy make potential success nearly impossible. Educational programs 
to help all levels of personnel understand how farming systems research 
and extension can be compatible to present personnel and organizational 
structure is a must. This is essential for acceptance by the present 
personnel who can easily be threaten-ed by proposed changes.  

 
Because existing agencies or units are generally well established 

with present support identified and functioning, it is necessary to 
develop compatibility between the efforts prior to confrontation behavior 
developing. There generally exists a hesitancy by host countries to begin 
the integration process in the early phases. They are interested in 
waiting until the program shows "success."  
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A model that has some potential is the identification of prototype 
areas where extension can also be addressed as a research effort, 
especially as an applied research program. Such a model allows extension 
methodologies to be tested on a small scale prior to their adaptation and 
adoption to the entire organization for the present extension system.  

 
I think the suggestions indicated by David Norman in his paper 

entitled. “Helping Resource Poor Farmers: The Agricultural Technology 
Improvement Project, Botswana,” dated May 14, 1983 indicates some of the 
important procedures that need to be followed if legitimization and 
acceptance of extension within the farming systems research concept is 
going to materialize and become a viable component of the total program.  
 
Communications  
 

Visiting senior extension personnel throughout the country and 
explaining the functions of how the program is going to be operating and 
why the program is going to be operating is very important. The more 
nationals involved in this process, I feel the better off one is so that 
it is not viewed as a program coning totally from the outside.  
 
Training  
 

It is important to realize that one cannot assume that the current 
employee fully understands the present system and the structure within the 
Ministry itself; that their training in the past has not adequately 
allowed them to fully comprehend the workings of their own system.  

 
Workshops and training cessions are essential in this part where one 

brings together personnel from the areas where farming systems type 
projects are located to explain what is being done, the rationale behind 
it, how they are going to benefit from them, how it will benefit their 
work. There must be short-term payoffs as well as the long-tern payoffs. 
Too many times’, I think, those of us from the outside are willing to wait 
for long-term gratification on payoffs where the nationals need to see 
things happening on a much shorter time frame than we are willing to build 
into the system. It is essential that we have a close liaison with the 
activities that are going on in order that we can cooperate in those 
particular activities to support then and give them validity.  

 
Again, I turn more to in-service training courses for extension 

personnel. This is the backbone of this entire effort; where one can 
supply technical information as well as extension-related information into 
viable in-service training programs that will strengthen the total 
Ministry’s efforts. It is the training that, I feel, needs to be done in-
country as well as ‘Jut of the country depending on whether one is working 
toward a degree or short- term training.  
 
Sharing 
 

An area of training which I think could have great benefits 
especially in various parts of Africa, is for nationals involved in 
implementation get-ting together and comparing their experiences of 
implementation that would give them an opportunity to internalize the 
process and also challenge them to think about adaptation of methodologies 
that would better suit their own needs.  
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Technical Assistance  
 

I feel technical advisors have a major role to be a trainer of 
trainers and provide day-by-day in-service education experiences. It is 
critical that they create opportunities for the nationals to be seen in 
the strongest possible professional role and as taking leadership and 
responsibility for the implementation of the programs. As the educational 
level in many developing countries continues to increase, I feel that the 
educational background of technical advisors and nationals would become 
closer and closer and the largest gap will be the lack of practical work 
experiences in carrying out research and extension programs. It is this 
area that technical advisors from the U.S. an6 other countries can then 
help nationals to fill this void in their own backgrounds.  

 
More attention needs to be given to the roles of the team leader, 

technical advisors. and technical contract in planning and assisting with 
the integration process since it is generally not stated in the contract.  
 
National Staff Training  
 

The technical assistance advisor needs to supply the 
applied/practical background to the theoretical basis of the program. 
National staff, many tines, to be in their positions within the Ministry 
have attended private schools; schools that are away from rural areas. 
Generally, to receive advanced training requires attending the better 
primary and secondary schools, which are often located in or near cities.  

 
Training programs that are developed must take the non-applied 

courses into consideration and incorporate these experiences into the 
training model.  

 
It is important to realize that a "system," a "structure" to 

implement FSR/E can be and probably will be different for each country. 
The systems and structure need to be unique for each situation, adapted to 
the resources available and adapted to the existing environment. It will 
be impossible and in poor judgment if we attempt to take existing systems 
from one country and hope €or them to be adopted fully into another 
environment. It may also be necessary to realize that the system ma:; need 
different labels and that Farming Systems as a title or an identification 
nay not be appropriate for that particular country at the tine that we 
want to implement such a project. It is important to try to be sensitive 
to these issues and try to create a system that is compatible to the 
existing philosophies and structures.  

 
The project must make great efforts not to be perceived as a 

separate entity. It requires clarification of roles and responsibilities 
of the team members plus the contract itself. The roles and 
responsibilities as perceived by the donor, the host country and the 
contractor may be and are generally very different.  
 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 
Dr. Mickey Swisher is a multi-county agent in the Florida 

Cooperative Extension Service. She works in a farming systems program in 
North Florida. Dr. Swisher's disciplines are geography and soil science.  
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M.E. Swisher 
 

The land grant institution has developed into a highly effective 
mechanism in the United States for developing and delivering appropriate 
technology to the farmer. While some criticize the agricultural research 
sector in the United States for servicing some farmers inadequately, the 
growth and strength of agricultural change over the last century and more 
illustrate that, by and large, the system has functioned well. In fact, 
the ability of agricultural scientists to recognize shortcomings and to 
act to correct then is itself further proof of the dynamic and flexible 
nature of the system that has evolved.  

 
At the same tine, it has been proven extremely difficult to 

reproduce this success in many developing countries. Part of the problem 
lies, no doubt, in the emphasis that has often been placed on introducing 
into agricultural systems highly sophisticated and complex technological 
packages that are not profitable. Nonetheless, however appropriate any 
given technological innovation may be, developing institutional structures 
that can continue to respond to the needs of the farmer is critical if 
sustained technological change is to occur.  

 
Part of the success of agricultural research and extension in the 

United States has been due to the incorporation of two elements into the 
systems that will be difficult to reproduce in most developing nations. 
These are the extension specialist and the regional research station. The 
extension specialist provides a conduit for direct response to research 
needs voiced by growers and extension agents. This position, to a large 
degree, bridges the gap between research and extension that can and often 
does occur and provides agents with a means for direct input into research 
priorities. The regional research station helps reduce the disparity 
between conditions on research stations and in farmers' fields. While 
management on the station may deviate from the norm on area farms, 
biophysical conditions are often very similar between the two. Further, 
the scientist who is permanently based on the station becomes a member of 
the community, knows the problems of local farmers well, and engages in 
daily dialog with both farmers and local extension personnel.  

 
Lack of trained personnel, adequate facilities, and funding 

virtually preclude the widespread use of extension specialists and the 
maintenance of needed research facilities in most developing countries. 
Even within the United States, extension specialists are too few and 
research facilities become difficult to maintain during periods of reduced 
budgets.  

 
In developing nations the results of these inadequacies are felt 

most strongly. Meanwhile, research becomes difficult. Fertilizer trials, 
plant and animal breeding, entomological studies and a host of other 
research becomes virtually meaningless when experiments must be conducted 
in management and biophysical environments which vary greatly from those 
of local farms. Widespread testing of recommendations prior to release is 
virtually impossible. As a result, extension is left with little useful 
information to deliver to the farmer.  
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The farming systems methodology is designed to overcome these 
problems. Testing new technology under farm conditions and with farmers' 
participation insures the development of appropriate technology. The 
strength of the methodology can be increased, however, if extension 
personnel are fully incorporated into the process of technology 
development.  

 
To accomplish this goal, local extension personnel must become 

intimately involved in determining the goals of the FSR/E projects and in 
carrying out the field trials that are required to attain those goals. 
Most extension agents will not be able, of course, to devote all of their 
time to such activities because of their other responsibilities. Rather, 
their role will often be one of coordinating on-farm activities and 
maintaining communication with farmers. Agents must be provided the labor, 
materials, equipment, and expertise that they need to implement the 
objectives that are mutually determined by the regional research and 
extension teams. In most settings, including the United States, local 
extensionists represent a pool of expertise that cannot be replaced by 
outside personnel without the expenditure of a great deal of money and 
time. It is imperative that this expertise and know-ledge of local 
conditions be utilized within the farming systems framework. Unless this 
occurs, the cost of using the farming systems methodology will be 
prohibitive for many developing countries.  

 
Other advantages flow from the integration of extension into the 

farming systems approach. Perhaps most important, this permits the agent 
to fully understand the technology that has been developed and provides 
confidence in the recommendations that are delivered. It also provides the 
agent with a pool of expertise, the multi-disciplinary team that he or she 
can utilize not only in developing needed technology, but also in meeting 
farmers' requests for information. This is especially critical when 
extension specialists are not available.  

 
At the sane time that the extension agent accepts responsibility for 

developing and conducting applied research, one responsibility of the 
region- al research and extension team lies in helping the agent develop 
appropriate extension techniques. This may include identifying 
recommendation domains, determining indigenous communication networks, 
developing audio-visual pro-grams, conducting field tours, and other 
activities. Too often it is assumed that appropriate technology will 
automatically reach all potential recipients. This view fails to recognize 
the importance of timing and accuracy of information delivery. Within a 
systems framework, this aspect of technological change is fully as 
important as the development of appropriate technology. To date, however, 
relatively little emphasis has been placed on information delivery.  
 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 
Dr. Sam Johnson, III is an assistant professor of agricultural 

economics at the University of Illinois. Dr. Johnson has worked in on-farm 
water management programs in Pakistan. As the Ford Foundation agriculture 
officer for Thailand, Dr. Johnson worked on several farming systems 
programs in Thailand. He is to be the chairperson of the FSSP Task Force 
on Extension's Role in Farming Systems.  
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Sam H. Johnson, III 
 

Before I discuss the role of extension in farming systems research, I 
want to mention the Task Force on Extension in Farming Systems Research. 
We, working through the International Program for Agricultural Knowledge 
Systems (INTERPAKS) at the University of Illinois, are now just in the 
process of forming a task force to try to define the role of extension in 
FSR; what does the /E on the end of the FSR/E mean? Anyone that has an 
interest in this area can contact me either here at the meeting or later 
in Illinois.  
 

This past year I have worked with a number of USAID missions in Asia. 
In the process of working with five different USAID agricultural offices, 
I have already started to see mission personnel saying, "Don't talk to me 
about farming systems research. I don't want to hear that anymore." We all 
know that USAID and the other donor agencies run in cycles; that they’re 
interest-ed in something one day and then one week lacer death. If we are 
not careful FSR/E is going to follow that cycle.  
 

Now farming systems research, when we have a meeting like this, in 
basically here to help the academic publish so the:; don't perish. 
However, farming systems research is not for that purpose. It's really 
there to expand agricultural production in developing countries. Yet, in 
order for this to happen it is necessary that we figure what that E means. 
Because, it is not just sufficient to develop better technology, you have 
to get technology to the end users, and that's where the main bottleneck 
currently exists.  
 

I have been involved in FSR projects that are organized at 
universities and also with projects that are administered by ministry of 
agriculture personnel. Special units -small pilot areas -small projects - 
a large number of relatively well-trained manpower - a lot of resources - 
to meet the needs of a very small number of individuals. How are we going 
to meet the needs of those twenty million farmers in the country instead 
of 200 in the pilot area? How are we going to disseminate the information 
required to serve the needs of the larger agricultural population?  
 

I have heard it said, "If the technology is good it will disseminate 
itself; it's only lousy technology that we need to extend!" Well. I think 
Mickie Swisher is right, there are some real problems when you start to 
serve the needs of those 40,000 or 400,000 farmers. You have to have some 
mechanism for disseminating information to this larger community. An 
analogy with the children's game 'telephone' is an apt one. The more 
complex the technology, the more important it is that distortions are not 
built into the dissemination process. Having made this statement, 
immediately people start talking about manpower constraints; extension 
cervices are already overburdened, how are we going to put more 
responsibilities on then? But the other side of that coin occurs when you 
go to talk to a research director and indicate that you plan to use 
farming systems research to meet the research needs of the entire country. 
His reaction will be to respond, "I can't even staff a M.S. graduate out 
at a regional research station, how am I going to meet the research needs 
of this whole country and use that methodology that is so manpower 
hungry?"  
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The only way you are going to accomplish this task is to transfer 
some of the responsibility for this to extension personnel. There are a 
lot more extension people out there than there are research people. We are 
paying then, we had better utilize them. Yet, in order to do this, you do 
not bring them in after the technology is already developed. We have got 
to bring extension in from day one. It's a threat if the technology has 
already been developed on one side of the fence and then you try to pass 
it over to the other side of the fence and tell extension personnel to go 
out and push it. We have tried that for years and know that it doesn't 
work; extension has got to cone in early and they have to be very active 
in the entire process. When we reach the level of the field plot, those 
plots should be a major responsibility of extension as well as research. 
The real strength of FSR/E is the opportunity it provides to bring 
research and extension together in farmers' fields working directly with 
the fanners, because in the LDC's the problems are in farmers' fields. 
And, the farmer has something to tell them as well as then having 
something to tell the fanner.  

 
What about organizational constraints? Randy Barker and I were 

discus-sing working in the Philippines, he knows that the extension people 
don't talk with the research people and go out in farmers' fields. If you 
can persuade a researcher to get off the station you still don't have an 
extension agent out in the field. How do you overcome the organizational 
constraints? I believe this is a major responsibility of the Extension 
Task Force - to look at what type of organizational structure is required 
to add /E to FSR and to have that to be the major philosophy, the focus of 
research/extension in the country. What is the role of the extension agent 
in all this? Where do they come into the system? These are some of the 
questions we have to answer. Can we develop a set of FSR methodologies 
that can be applied on multi-locational plots, applied throughout a large 
recommendation domain by relatively uneducated extension agents? If we 
have to have Ph.D. trained researchers out there to design research plots, 
we are not going to have very many research plots. In order to implement 
field trials around a large recommendation domain and spread the new 
technologies across the entire country, we have to be able to utilize 
extension personnel with their current level of training. If FSR/E 
requires higher training for extension agents, then that becomes another 
part of the problem.  

 
The last point I want to make is to mention the training and visit 

system (T & V). The major positive aspect of T & V is that it gets more 
agents out in the field with a focused approach and a defined set of 
contact farmers. A major problem with T & V is that most of these agents 
have nothing appropriate to extend. They are not linked back into 
research. Somehow, I think we need to bring FSR/E and T & V together so 
that those two can form a logical sequence and function together as a 
direct flow between research and extension.  

 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
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Associate Professor in the Department of Rural Sociology, Washington State 
University. She has worked in Lesotho and other African countries in 
international agricultural development. Her particular concern is the 
integration of extension into research development projects. Butler's 
training is in anthropology and she has published in the area of culture 
and international development.  
 
Everet Byington is currently a range scientist at Winrock International in 
Morrilton, Arkansas. His training includes molecular biology and chemistry 
at the University of Utah, international relations at the University of 
Southern California, where he got his Masters degree, and a Ph.D. in range 
science from Colorado State University. He has done a great deal of work 
in inter-agency cooperative research assessing the relations between 
livestock, wildlife and wood product production in forests of Southeastern 
United States. He haz had technical assistance experience in the Caribbean 
and the Ivory Coast.  
 
John Caldwell is the Title XII chair for international vegetable 
production, Department of Horticulture, Virginia Polytechnic Institute and 
State University. His training is in horticulture but he has done 
undergraduate work in international relations. He has worked in the 
Philippines and has extensive research and study in Japan.  
 
Ron Cantrell is the agronomist in the SAFGRAD-FSU project.  
 
James Allen Chapman is currently with Chemonics' International Consulting 
Division, Washington, D.C. He worked for three years with the Inter-
American Institute for Cooperation on Agriculture in San Jose, Costa Rica 
as an economics research specialist. His training is in agricultural 
economics and he received his Ph.D. from Michigan State University. He 
worked as a Peace Corps volunteer in Peru and has carried out agricultural 
economics research in the Philippines and Costa Rica.  
 
Joseph H. Conrad is in the Department of Animal Science, Center for 
Tropical Agriculture, University of Florida, Gainesville.  
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Milton Coughenour is professor of Sociology at the University of Kentucky. 
A well-known rural sociologist, he has done research on farmers in various 
parts of the world.  
 
James Dean is an assistant in the Farming Systems Support Project at the 
University of Florida.  
 
Dennis L. Denmel is an engineer with the Center for Rural Affairs, 
Walthill, Nebraska. He was CO-director of the Small Farms Energy project.  
He also farms. 
 
Kathleen Dewalt is an assistant professor in the department of behavioral 
sciences in the College of Medicine.  Her training is in anthropology, 
with her Ph.D. from the University of Connecticut. She has done research 
in medical sociology and the relationship between values and behavior. She 
is CO-investigator in the project Socio-cultural Constraint in the 
Production and Consumption of Grain Sorghum and Pearl Millet in Less 
Developed Countries as part of the USAID Collaborative Research Support 
Project (CRSP). She has conducted field work in Mexico, Brazil, the Sudan 
and Honduras. She is particularly interested in the nutritional and family 
level consumption implications of farming systems innovations.  
 
Bryan L. Duncan is an associate professor in the Department of Fisheries 
and Applied Aquaculture, International Center for Aquaculture, Auburn 
University, Alabama.  
 
H.A. Fitzhugh is an animal scientist and program officer for Latin America 
and the Caribbean at Winrock International. His training is in animal 
science from Texas A & M University where he received his Ph.D. in animal 
breeding. He was a post doctoral fellow at the Animal Breeding Research 
Organization in Edinburgh, Scotland. He has worked overseas in Mexico, 
Costa Rica, Belize, Peru, Argentina, Brazil, Venezuela, Trinidad and 
Tobago, Barbados, the Virgin Islands, Jamaica, Kenya, Nigeria, Cameroon, 
Liberia and China. He has worked as research coordinator at the 
Experimental Station of Los Llanos in Venezuela.  
 
Timothy Frankenberger is an anthropologist associated with the Department 
of Rural Sociology at the University of Kentucky. He has studied farming 
systems in Africa, particularly in the Sudan.  
 
E.C. French is an Assistant Professor of Agronomy at the University of 
Florida.  
 
Patricia Garrett is currently an Assistant Professor of Rural Sociology at 
Cornell University. She has done field research in Chile and Ecuador, and 
is currently conducting field trials with INIAP and the Beans and Cowpeas 
CRSP. She received her Ph.D. from the University of Wisconsin, Madison.  
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Calixte George is with CARDI (Caribbean Agricultural Research and 
Development Institute) in St. Lucia in the West Indies. An agricultural 
scientist, he has been a leader in CARDI in developing a farming systems 
approach to development.  
 
Christina H. Gladwin is an assistant professor in the Food and Resource 
Economics Department, Institute of Food and Agricultural Sciences, 
University of Florida. She received a grant from the National Science 
Foundation to undertake this research. She has also worked with small 
farming systems in Mexico and Central America. Her training is in 
economics and anthropology.  
 
Louis E. Grivetti is an Associate Professor in the Department of Geography 
and the Department of Nutrition at the University of California-Davis, 
where he is active in their International Agricultural Development 
program. He has worked in Botswana, looking particularly at the food 
forage resource base in traditional cropping systems. He has done research 
relating the farming systems and pastoral systems of hunters and 
gatherers.  
 
Guido Gryseels is with the International Livestock Center for Africa 
(ILCA) in Ethiopia. He is an agricultural economist with the highlands 
program there. He has been highly involved in livestock and farming 
systems research for smallholder agriculture, particularly that related to 
on-farm evaluation of improved technologies.  
 
Robert Hart is an agronomist with Winrock International. He has worked 
extensively in Latin America and the Caribbean in designing and 
implementing farming systems projects.  
 
L. Upton Hatch is an assistant professor in the department of Fisheries 
and Applied Aquaculture at the International Center for Aquaculture, 
Auburn University, Alabama.  
 
Julio Henao is a bionutritionist with CATIE in Turrialba, Costa Rica.  
 
Luis Hertentains is with Institute de Investigacion Agropecuaria de Panama 
(IDIAP), Apartado 6-4391, Panama, 6A Panama.  
 
Peter E. Hildebrand is Professor of Food and Resource Economics at the 
University of Florida. He is one of the leaders in farming systems 
research worldwide and has worked extensively in Central America as well 
as Latin America and Africa.  
 
William K. Jaeger is with the Food Research Institute at Stanford 
University, where he is finishing up his doctoral work. He was formerly 
agricultural economist with the Purdue University's farming systems unit 
in Upper Volta.  
 
Carol Kerven is an independent consultant in international agricultural 
development based in Odessa, Florida. Her training is in anthropology.  
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Earle W. Klosterman is an animal scientist with the Lesotho farming 
systems research project, Lesotho, South Africa. He is affiliated with 
Cooperative Extension at Washington State University.  
 
H.C. Knipscheer is an agricultural economist at Winrock International and 
the project liaison officer for the small ruminant CRSP in Bogor, 
Indonesia. He served as agricultural economist at the International 
Institute of Tropical Agriculture (IITA) in Nigeria and has been the 
program leader for the Tropical Institute Training Center for Dutch 
volunteers in Amsterdam. He served as a volunteer with the Netherlands 
Volunteer Association in the Ivory Coast. He is fluent in Dutch, English, 
French and German and has provided technical assistance in Indonesia, the 
Ivory Coast and Nigeria.  
 
Ronald J. Krupicka is currently the director of the Water Policy and 
Practices Project for the Center of Rural Affairs in Walthill, Nebraska. 
He was the Co-director of the small farmers’ energy project and has worked 
as assistant coordinator for the land use planning workshops at the 
University of Nebraska in Lincoln. Previously he worked as a forestry 
assistant. His training is from the University of Nebraska, Lincoln, where 
he received both his master's degree in Natural Resources and a master's 
of Community and Regional Planning.  
 
Mahlon Lang is the economist in SAFGRAD-FSU (Semi Aria Food Grain Research 
and Development Program-Farming Systems Unit Project).  
 
Clive William Frederick Lightfoot is currently a consultant in 
international agricultural development based in Ottawa, Ontario, Canada. 
He has training in agriculture and horticulture from Reading University in 
England, where he received his Ph.D. based on his work on the productivity 
and stability of a sorghum intercropping system in Botswana. A British 
citizen born in Malaysia, he has wide experience overseas including work 
in India, Botswana, Kenya, Zimbabwe, Tanzania, Senegal and Nigeria. His 
research experience is particularly focused on research with farmers in 
farmer's fields.  
 
Joseph C. Madamba is the Director of the Southeast Asian Regional Center 
for Graduate Study and Research in Agriculture (SEARCA), Los Baños, 
Laguna, Philippines.  
 
Victor Mares is with CATIE in Costa Rica.  
 
Nicolas Mateo is the program officer for crops and animal production 
systems program of the IDRC (International Development Research Centre) 
based in Bogota, Colombia. He is a Costa Rican by birth, with a Masters of 
Science degree from CATIE in crops production and a Ph.D. in agronomy and 
soils at the University of Florida. He has worked extensively in Latin 
America coordinating IDRC farming systems networks. His own research has 
been focused in Central America.  
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Harold J. McArthur is currently with the College of Tropical Agriculture 
and Human Resources at the University of Hawaii. He received his Ph.D. 
from the University of Hawaii at Manoa in anthropology with undergraduate 
training at the American Institute for Foreign Trade. He received a 
Bachelor of Foreign Trade in International Relations at the University of 
California, Los Angeles. He speaks Spanish, Vietnamese, Ilocano, and 
Tagalog and has been particularly active in organizing the Small Farming 
Research project in Hawaii. He has worked in the Philippines as well.  
 
Katharine McKee is currently the Program Officer, Rural Poverty and 
Resources Program transferring to the New York Office of the Ford 
Foundation in October, 1981. She is responsible for grant-making and 
coordination of the Foundation's developing country work related to rural 
employment, community economic development, and women's economic status. 
She joined the Ford Foundation in July of 1978 as Program Officer for the 
West Africa region, based in Lagos, Nigeria and was responsible for 
programs in the areas of rural development, non-farm employment, and 
women's economic status. Other assignments include serving as Acting 
Representative for West Africa in 1981 and a short-term assignment at the 
AID mission to Senegal in 1977. Her undergraduate education was at Bowdoin 
College graduating in 1976 and graduate studies at the Woodrow Wilson 
School, Princeton University, receiving the Masters in Public and 
International Affairs, with distinction, in 1978.  
 
M. Meleha is Associate Professor of Agronomy, Colorado State University, 
and an agronomist with the Egypt Water Use Project, Ministry of 
Irrigation, Kafr el Shiekh, Egypt.  
 
Joseph J. Molnar is currently an Associate Professor in the Department of 
Agricultural Economics and Rural Sociology with a joint appointment with 
the Department of Rural Sociology at Auburn University in Alabama. His 
research has focused on organizational effectiveness, particularly as 
related to the resources of systems. He has also had a long term research 
interest in participatory forms of development, both domestically and 
abroad. His studies of development have focused on inter-organizational 
potentials of conflict and coordination. He has published extensively in 
this area. His research on agriculture has focused on the structure of 
agriculture, particularly of that in the south of the United States.  
 
Vera Niñez is a visiting researcher at the International Potato Center in 
Lima, Peru. She is also associated with the United Nations University 
subprogram on hunger, health and society.  She studied anthropology at 
North Carolina State University. 
 
J.F. Moses Onim is associated with the ministry of Livestock 
Development, Nairobi, Kenya. 
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Germàn Escobar Paiez is currently coordinator of CATIE economic European 
Community programs dealing with the technical coordination of farming 
systems research teams, working with national agricultural institutions in 
El Salvador, Nicaragua and Honduras. A Colombian by birth and nationality, 
Dr. Escobar received his Master's degree from Cornell University in the 
economics of agricultural development and his Ph.D. from Oregon State 
University in international agricultural development with a minor in 
production economics. He has carried on research relating to farming 
systems and agricultural production systems in Central America, Colombia, 
particularly being involved in the Caqueza project and the integrated 
rural development projects of that nation. He is interested in the 
adoption of technology on small farms, which farmers adopt and for what 
reasons.  
 
Lawrence W. Pauling is a graduate student in the International 
Agricultural Development Program, University of California-Davis.  
 
Ronald P. Phelps is an associate professor in the Department of Fisheries 
and Applied Aquaculture, International Center for Aquaculture, Auburn 
University, Alabama.  
 
Edwin Price is an agricultural economist in the Economics Department of 
the International Rice Research Institute at Los Baños, Philippines. He 
has worked extensively in the analysis of small farm production systems, 
both rice-based systems and those that include animal production.  
 
H.H. Li Pun is currently a programs officer for Latin America and the 
Caribbean in IDRC's crop and animal production systems program based in 
Bogota, Colombia. A Peruvian by birth, Dr. Pun got his Master of Science 
degree in dairy science and his Ph.D. in Animal Nutrition at the 
University of Wisconsin in Madison. He has also been active in organizing 
the animal systems portion of the farming systems networks of IDRC. His 
own research has been focused on Panama.  
 
Edward P. Reeves is an assistant research professor in the department of 
Sociology at the University of Kentucky. His Ph.D. training was in 
Anthropology.  
 
Robert E. Rhoades is an anthropologist at the International Potato Center 
in Lima. He has looked at both pastoral and potato based farming systems.  
 
Sandra L. Russo is associated with Winrock, International.  
 
John Sanders is currently Associate Professor in the Department of 
Agricultural Economics at Purdue University. He received his Ph.D. in 
Economics from the University of Minnesota, with his undergraduate work at 
Dartmouth in government and the University of Kentucky in agricultural 
economics. His dissertation research was in Brazil on agricultural 
development. He was one of the Co-authors of Induced Innovation, for which 
he was a Co-recipient of the award for published  
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research of the American Agricultural Economics Association in 1979. He 
worked as the project coordinator of the AID contract at the University of 
Evora, Portugal and was an agricultural economist in the Bean Program at 
CIAT (Centro Internacional de Agricultura Tropical) in Cali, Colombia. He 
was instrumental in developing a methodology for on-farm trials. He was a 
Peace Corps volunteer in Ecuador.  
 
Michael Sands is with the Centro Agronomico Tropical d Investigacion y 
Enseñansa (CATIE), Turrialba, Costa Rica.  
 
Miguel Sarmiento is with the Instituto de Investigacion Agropecuaria de 
Panama (IDIAP). Panama.  
 
Myron Shenk is a weed scientist at Oregon State University.  
 
Enos Shumba is with the Agronomy Institute, Department of Research and 
Special Services, P.O. Box 8100, Causeway, Harare, Zimbabwe.  
 
Meredith Smith is an Associate Professor of Foods and Nutrition at Kansas 
State University. She has worked and Haiti in the Dominican Republic, 
where she has been particularly concerned about nutritional issues related 
to agricultural production arid farming systems. She has also evaluated 
the nutritional status of low-income populations in the United States. She 
received her Ph.D. in nutrition from Virginia Polytechnic Institute and 
University.  
 
Anita Spring is currently Associate Professor and Associate Chair of the 
Department of Anthropology at the University of Florida in Gainesville. 
She received her M.A. and Ph.D. degrees from Cornell University in 
Anthropology, as well as an M.A. in Anthropology from San Francisco State 
University She served as Director of the Women in Agricultural Development 
Project in Malawi. She worked on a US/AID contract for the design for the 
Rational Agriculture University of Cameroon, working with social soundness 
analysis there. She has done field research in Zambia. In Malawi she 
designed methodologies of farming systems research that more fully 
integrated household members into research design, in the Initial 
analysis, on-farm trials, and the evaluation of the impact of the 
research. She has published on agricultural development as well as ritual 
and symbols in Africa. Her work has also included studies of health, 
traditional healing and development.  
 
K.L. Srivastava is an agricultural engineer and leader of the farming 
systems research program at the International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT), Pantancheru, India.  
 
Martin D. Strange is an economist and director of the Center for Rural 
Affairs in Walthill, Nebraska. He is on the Board of Directors of Rural 
America.  
 
Gregory M. Sullivan is currently an Assistant Professor in the Department 
of Agricultural Economics and Rural Sociology at Auburn  
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University in Auburn, Alabama. His concerns have been agricultural 
marketing, economic development and management policies. He served as a 
consultant to Winrock International for study of management policies on 
public grazing land and has been involved in a number of projects 
involving aquaculture, both in the United States and overseas, including 
Kentucky, Alabama, Jamaica, Niger, Malaysia, Taiwan and Indonesia. He has 
also worked with livestock in Syria, Ghana, and Tanzania. He was a Peace 
Corps volunteer in Ghana, Co-managing an agricultural experiment farm. 
Much of his current research involves linking the production of limited 
resource farmers to internal markets in developing countries.  
 
Marilyn E. Swisher is a multi-county agent with the Florida Cooperative 
Extension Service at the Live Oak Agricultural Research Center with the 
University of Florida. She has her Ph.D. in agricultural economics and 
agronomy from the University of Florida. She has conducted farming systems 
research in Costa Rica.  
 
Euan F. Thomson is a livestock scientist in the farming systems program at 
the International Center for Agricultural Research in Dryland Areas 
(ICARDA) P.O. Box 5466, Aleppo, Syria.  
 
R.L. Tinsley is an Associate Professor of Agronomy at Colorado State 
University. For the last four years he has been located in Egypt working 
with the Egyptian Ministry of Irrigation and Agriculture to improve the 
use of on-farm irrigation. He is the senior American agronomist on the 
Project, working with Egyptian agronomists and others on an 
interdisciplinary team. He has been in Sri Lanka with IRRI and a rice 
production program in Viet Nam. His Ph.D. is from the University of 
Florida at Gainesville in soil chemistry. He has his Master of Science 
degree from the University of Maryland. He has had a long interest in 
small farmers. He gives courses on understanding small farmers in Egypt 
and at Colorado State. He has been active in doing on-farm evaluation. His 
current concern is expanding the farming systems approach to irrigated 
agriculture.  
 
S.M. Virmani is the principal agricultural economist in the farming 
systems research program at ICRISAT.  
 
Neal Walker is currently a professor of Agricultural Economics at the 
University of Tennessee. His major research interest is in the structure 
of agriculture. He was the leader of the University of Tennessee group to 
Thailand in August of 1980. His international experience includes a long 
association with Extension projects in Thailand, some work in Australia 
and an assignment in Chile. He is particularly concerned about the 
relations of agricultural policy to small farm production and to extension 
as a vehicle for implementing agricultural policy.  
 
T.S. Walker is with ICRISAT as an A/D/C Associate for India.  
 
Peter Wyeth is a marketing economist, Farming Systems Research Project  
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(FSRP) Research Division, Ministry of Agriculture, Maseru, Lesotho.  
 
David Zimet is a research assistant in the Food and Resource Economics 
Department of the University of Florida. Hi3 current research involves 
analysis of beef producer's decisions in Jefferson County, Florida. He has 
worked in the Sahelian region of West Africa. He was a team leader and 
policy advisor on an agricultural planning project in Lesotho. He has also 
worked in the planning office in the Ministry of Agriculture in Bolivia, 
as well as serving as chief economic and project manager for Conseil de 
l'Entente's Regional (Niger-Upper Volta) Grain Marketing project, where he 
was responsible for advising the two governments on grain price policy and 
grain distribution and storage systems. He served as a staff economist in 
the Ivory Coast and as an agriculture policy advisory to the government of 
El Salvador. He was a Peace Corps volunteer for the Colombian Agrarian 
Reform Institute in Colombia. His current research on farm decision making 
relates to the farming systems in which they are based.  
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Veterinary Sciences 
University of Arizona 
Tucson, AZ 85721 
 

#86 
Jim Henson 
Washington State Univ. 
Pullayup, WA 

#87 
Peter E. Hildebrand 
University of Florida 
2126 McCarty Hall 
Gainesville, FL 32611 

#88 
Elnora T. Huyck 
Assoc. Dean 
College of Home Economics 
Kansas State University 
Manhattan, KS 66506 
 

#89 
William K. Jaeger 
Food Research Institute 
Sanford University 
840 Sutter Street 
Palo Alto, CA 94303 
 

#90 
Roger Jaime 
Trainee 
Cornell University 
384 Caldwell Hall 
Ithaca, NY 14853 

#91 
Lovel S. Jarvis 
University of California, 
  Berkely/Davis 

#92 
Paul Jennings 
Head 
Dept. of Horticulture 
Kansas State University 
Manhattan,' KS 66506 
 

#93 
Robert Johnson 
Extension 
Umberger Hall 
Kansas State University 
Manhattan, KS 66506 
 

#94 
Sam H. Johnson III 
Agricultural Consultant 
University of Illinois 
452 Mumford Hall 
Urbana, IL 61801 

#95 
Sheila G. Johnson 
Library 
Oklahoma State University 
Stillwater, OK 74078 

#96 
James C. Jones 
IFAS Intl. Programs 
University of Florida 
3028 McCarty Hall 
Gainesville, FL 32611 
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#97 
Edie Jorns 
Kansas State University 

#98 
William J. Jorns 
Asst. Director 
Intl. Agricultural Programs 
Kansas State University 
Manhattan, KS 66506 
 

#99 
Steven Kearl 
FSSP 
International Programs 
University of Florida 
Gainesville, FL 32611 
 

#100 
Bob Keller 
Kansas State University 

#101 
Earl D. Kellogg 
International Agriculture 
University of Illinois 
113 Mumford Hall 
Urbana, IL 61801 
 

#102 
Terry Kelly 
Colorado State University 
408 LaPorte Avenue 
Ft. Collins, CO 80521 

#103 
Carol Kerven 
Box 12 A Cosme Road 
Odessa, FL 33556 

#104 
Judith Kidd 
Colorado State University 
408 LaPorte Avenue 
Ft. Collins, CO 80521 
 

#105 
Mokiwa Kigoda 
Missouri State University 

#106 
Robert Kleis 
University of Nebraska 
Lincoln, NE 
 

#107 
Ron Krupicka 
Center for Rural Affairs 
P.O. Box 736 
Hartington, ME 68739 

#108 
George Larson 
Dept. of Engineering 
Seaton Hall 
Kansas State University 
Manhattan, KS 66506 
 

#109 
Vernon Larson 
Director 
International Ag. Programs 
Kansas State University 
Manhattan, KS 66506 
 

#110 
Gabatshele Legwaila 
108 Waters Hall 
Kansas State University 
Manhattan, KS 66506 

#111 
Clive Lightfoot 
Reading University 
England 

#112 
Graciela Llamo del Puerto 
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#113 
Naomi Lynn 
Head 
Dept. of Political Science 
Kansas State University 
Manhattan, KS 66506 
 

#114 
Robert Lynn 
Dean 
College of Business Admin. 
Kansas State University 
Manhattan, KS 66506 

#115 
Harold J. McArthur 
University of Hawaii 
CTAHR 3050 Maile Way 
Honolulu, HI 96822 
 

#116 
Katherine McKee 
Ford Foundation 
320 East 43rd Street 
New York, NY 10017 

#117 
J. Wendell McKinsey 
MidAmerican International 
  Agriculture Consortium 
126 Mumford Hall 
Columbia, MO 65211 
 

#118 
Joseph Madamba, Director 
SE Asian Regional Center for  
  Grad Study & Research/Ag 
P.O. Box 720, MCC Makati 
Philippines 

#119 
Manjur-E-Karim 
Kansas State University 

#120 
Parul Marcotte 
University of Kentucky 
223 Scovell Hall 
Lexington, KY 40546 
 

#121 
Juan Carlos Martinez 
CIMMYT  
Apdo Postal 6-641 
Mexico, D.F. 06600 
 

#122 
John Mann 
Texas A&M University 

#123 
Nicolas Mateo 
Intl. Development Research Center 
A.A. 53016 
Bogota, Colombia 
 

#124 
O.L.E. Mbatia 
University of Nairobi 
Kenya 
 

#125 
Nyakallo Moletsani 

#126 
Joseph Molnar 
Intl. Center for Aquaculture 
Auburn University 
Auburn, AL 36849 
 

#127 
Joyce L. Moock 
The Rockefeller Foundation 
1133 Avenue of Americas 
New York, NY 10036 

#128 
David Mugler 
Director 
Resident Instruction -Ag. 
Kansas State University 
Manhattan, KS 66506 
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#129 
Margery A. Neely 
Dept. of Administration and 
  Foundations 
Kansas State University 
Manhattan, KS 66506 
 

#130 
Marie Neher 
Kansas State University 

#131 
M. Duane Nellis 
Department of Geography 
Kansas State University 
Manhattan, KS 66506 
 

#132 
Mark L. Larson 
Kansas State University 

#133 
Richard L. Ness 
Center for Rural Affairs 
Box 736 
Hartington, NE 68739 
 

#134 
Caroline R. Nichol 
Kansas State University 

#135 
Michael Nolan 
University of Missouri 
 

#136 
Comfort Olayiwole 
Kansas State University 

#137 
Farrel Olson 
Southern Illinois University 
 

#138 
Abdellah Omezzine 
University of Missouri 

#139 
Robert E. Osland 
Dept. of Animal Science 
California State University 
Fresno, CA 93740 
 

#140 
Foster Owen 
Animal Science Department 
University of Nebraska 
Lincoln, NE 68583 

#141 
Christopher R. Pardy 
Dept. of Ag. Economics 
Purdue University 
West Lafayette, IN 47907 

#142 
K.E. Paul 
Soil Science 
Lincoln University 
202 New Memorial Hall 
Jefferson City, MO 65101 
 

#143 
Larry Pauling 
Graduate Student 
University of California-Davis 
1121 4th Street 
Davis, CA 95616 

#144 
Vicki Phillips 
Library 
Oklahoma State University 
Stillwater, OK 74078 
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#145 
Susan Poats 
University of Florida 
Gainesville, FL 32611 

#146 
Glade C. Presnal 
International Programs 
Oklahoma State University 
221 N. USDA Building 
Stillwater, OK 74078 
 

#147 
Carolyn M. Pribble 
International Agriculture 
113 Mumford Hall 
University of Illinois 
Urbana, IL 61801 
 

#148 
Edwin C. Price 
Intl. Rice Research Institute 
P.O. Box 933 
Manila, Philippines 

#149 
Chandra Reddy 
Alabama A&M University 
P.O. Box 579 
Normal, AL 35762 
 

#150 
Dale Reeves 
South Dakota State University 
Dept. of Plant Science 
Brookings, SD 57007 

#151 
Robert Reeves 
Dept. of Foods & Nutrition 
Kansas State University 
Manhattan, KS 66506 
 

#152 
David L. Regehr 
Extension Agronomy 
Kansas State University 
Manhattan, KS 66506 

#153 
Jennifer L. Reinbrecht 
South Dakota State University 
Rural Sociology 
Brookings, SD 57007 

#154 
Paul Repulda 
Trainee 
Cornell University 
384 Caldwell Hall 
Ithaca, NY 14853 
 

#155 
Robert Rhoades 
International Potato Center 
P.O. Box 5969 
Lima, Peru 
 

#156 
Jorge Rivadeneira 

#157 
Cynthia Robinson 
Kansas State University 
Manhattan, KS 66506 

#158 
Charlotte E. Roderuck 
Iowa State University 
102 E.O. Building 
Ames, Iowa 50011 
 

#159 
Wayne Rohrer 
Professor 
Sociology, Anthro. & Soc. Wk. 
Waters Hall 
Kansas State University 
Manhattan KS 66506 

#160 
Loren M. Rommann 
Extension Specialist 
Agronomy Department 
Oklahoma State University 
Stillwater OK 74078 
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#161 
David J. Sammons 
University of Maryland 
Dept. of Agronomy 
College Park, MD 20742 
 

#162 
John Sanders 

#163 
Michael Sands 
CATIE/IDIAP 
APARTADO 178 
David Chiriqui, Panama 

#164 
Frank A. Santopolo 
Dept. of Sociology 
Colorado State University 
Ft. Collins, CO 80523 
 

#165 
Mustasa Sawani 
University of Missouri 
Columbia, MO 65211 
 

#166 
Jess Schahezenski 
University of Missouri 
Columbia, MO 65211 

#167 
A.F. Schlundt 
South Dakota State Univ. 
Dept. of Animal & Range Sci. 
Brookings, SD 57007 
 

#168 
David Schroder 
Missouri University 

#169 
Tom Schumacher 
Dept of Plant Science 
South Dakota State Univ. 
Brookings, SD 57007 

#170 
J.T. Scott 
Int'l Agric. Prog. 
115 Curtiss Hall 
Iowa State University 
Ames IA 50011 
 

#171 
Jean Sego, Ass't To Dean 
College f Home Economics 
Kansas State University 
Manhattan, KS 66506 
 

#172 
Ken Shackelton 
Kansas State University 
Manhattan, KS 66506 

#173 
E.W. Shumba 
Aimbabwe, Africa 

#174 
Bob Sickles 
Library 
Iowa State University 
Ames, IA 50011 
 

#175 
Antonio Silva 
Honduras 

#176 
Funekile Simelane 
Penn State University 
234 Atherton Hall 
University Park, PA 16802 
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#177 
James R. Simpson 
Food & Resource Econ. Dept. 
McCarty Hall 
University of Florida 
Gainesville FL 32611 
 

#178 
John B. Sjo 
Agricultural Economics 
Waters Hall 
Kansas State University 
Manhattan KS 66506 

#179 
Floyd Smith 
Kansas Water Res. Inst. 
Waters Hall 
Kansas State University 
Manhattan KS 66506 
 

#180 
Meredith Smith 
Foods and Nutrition 
Justin Hall 
Kansas State University 
Manhattan KS 66506 

#181 
Charles Spillman 
Agricultural Engineering 
Seaton Hall 
Kansas State University 
Manhattan KS 66506 
 

#182 
Anita Spring 
Dept of Anthropology 
University of Florida 
Gainesville. FL 32611 

#183 
K.L. Srivastava 
ICRISAT 
Pantancheru P.O. 
Andhra Pradesh 502324 
India 
 

#184 
Jeffrey J. Steiner 
Plant Science 
California State Univ. 
Fresno, CA 93740 

#185 
Barbara Stoecker 
Food and Nutrition 
Texas Tech University 
Lubbock, TX 79409 
 

#186 
Gregory Sullivan 
Int'l Center for Aquaculture 
Auburn University 
Auburn, AL 36849 

#187 
Helen Swartz 
Lincoln University 
900 Moreau 
Jefferson City, MO 65101 
 

#188 
M.E. Swisher 
University of Florida 
304 Newell Hall 
Gainesville, FL 32611 

#189 
S. Morris Talley 
Extension Service 
Hillcrest Building 
Lincoln University 
Jefferson City MO 65101 
 

#190 
T.R. Thedford 
College of Vet Medicine 
Oklahoma State University 
Stillwater, OK 74074 

#191 
Grant Thomas 
USAID 
American Embassy 
Santo Domingo, Domini can Republic 

#192 
Euan Francis Thomson 
Int'l Centre for Agric. Res. in the 
Dry Areas  
P.O. Box 5466 
Aleppo, Syria 
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#193 
Gary Thull 
Int'l Trade Center 
Wareham Building 
Kansas State University 
Manhattan KS 66506 
 

#194 
Martha Tomecek 
Resources on Dev. Countries 
Farrell Library 
Kansas State University 
Manhattan KS 66506 

#195 
Norberto Urbina 
Honduras 

#196 
Warren H. Vincent 
Dept. of Agric. Economics 
Michigan State University 
East Lansing, MI 48824 
 

#197 
Donald E. Voth 
Winrock Int'l and 
the University of Arkansas 
Route 3 
Morrilton AR 72110 
 

#198 
Lynn Waishwell 
Foreign Student Advisor 
Southern Illinois Univ. 
Carbondale, IL 

#199 
James Walker 

#200 
Neal Walker 
Agric. Economics Dept. 
University of Tennessee 
Knoxville, TN 37901 
 

#201 
Charles Ward 

#202 
John Ward 
Animal Science Dept. 
University of Nebraska 
Lincoln, NE 68583 
 

#203 
Robert K. Waugh 
University of Florida 
3028 McCarty Hall 
Gainesville, L 32611 

#204 
Delane E. Welsch 
Dept. of Agric. & Applied Econ 
1994 Buford Ave. 
University of Minnesota 
St. Paul MN 55108 
 

#205 
Georges E. Werleigh 
School of Public Affairs 
1218 Social Sciences Bldg 
University of Maryland 
College Park MD 20742 
 

#206 
Tom W. Westing, Assoc Dean 
University of Arkansas 
205 Agriculture Building 
Fayetteville, AR 72701 

#207 
John D. Wheat 
Dept. of Animal Science 
Call Hall 
Kansas State University 
Manhattan KS 66506 

#208 
Gerald E. Wilde 
Dept. of Entomology 
Waters Hall 
Kansas State University 
Manhattan KS 66506 
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#209 
Stanley Wills 
Agric. Dev. Officer-Burundi 
2105 Gunnell Farms Drive 
Vienna, Virginia 22180 
 

#210 
Lowell Wilson 
Dept. of Animal Science 
Pennsylvania State Univ. 
University Park, PA 16802 

#211 
Thomas Winnebah 
Louisiana State University 
Baton Rouge, LA 70803 

#212  
L.V. Withee 
Agronomy Dept 
Throckmorton Hall 
Kansas State University 
Manhattan KS 66506 
 

#213 
Robert Wolff 
Southern Illinois University 
Carbondale, Illinois 62901 

#214 
Bill C. Wright 
International Programs 
139 Agriculture Hall 
Oklahoma State University 
Stillwater OK 74078 
 

#215 
Laine Wright 
Kansas State University 
Manhattan, KS 66506 

#216 
Peter Wyeth 
FSR/Lesotho 

 




