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BACKGROUND
 

Kenya has a wide degree of environmental variability. With elevations ranging 

from sea level to 16,000 feet, its ecozones include, semi-arid rangelands, humid equa­

torial coastline, the highland slopes of Mt. Kilimanjaro, and the imposing Abedere Moun­

tains. Within this ecological diversity, there is also great diversity in the agricultural 

production systems, which correspond closely with precipitation zones. Annual rainfall 

ranges from 200-2,000 mm and generally increases as elevation increases. 

Areas of low agricultural potential are those which receive less than 600 mm of 

rain a year and it is estimated that 76% of Kenya's total land area is in this category. 

80% of Kenya's total rangeland is considered low potential and there are approximately 

7.5 million sheep and goats in these dr areas. The predominant livestock husbandry 

system in the desert scrub range of the north and northeast, is the transhumant migration 

of pastoralists with their small ruminants and camels. The Masai in the south and south­

east share their range and practice community grazing of their cattle. 

Ten percent of Kenya's land has medium potential for agricultural production with 

600-850 mm of rain per year. Approximately 3 million small ruminants are found in this 

zone. The high agricultural potential lands account for 14 % of the country's area and 

here rainfall exceeds 850 mm a year. Two million sheep and goats are in this ecozone. 

The agriculural production system in these latter two eco-climatic zones (11and Ill), is 

generally of the mixed crop/livestock type, with the livestock of secondary importance 

to cultivation. 

Ninety percent of the Kenyan population relies on agriculture for their livelihood.­

804 of that group live on approximately 1.5 million small, private holdings in the zone 

Il and Ill areas of the following provinces: Coast, Eastern, Central, Rift Valley, Nyanza 

and Western. Livestock, although a secondary enterprise, are found on most of these 

holdings, with cattle on approximately 1 million farms, and sheep and/or goats on .6 

million farms. The small ruminants are raised in an intensive 'zero grazing' or limited 

grazing husbandry system and are both consumed by the producer and sold to provide 

revenue. 

The human population is expanding rapidly in these already densely populated 

areas. This high growth rate is causing farm size to shrink and is diminishing the avail­

able resources per capita. Average farm size is now 2.3 hectares and mean household size 

is 7 persons. 
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Small ruminants are an important element in the mixed crop/livestock agricultural 

system in the medium and high potential areas. As land holdings decrease in size, goats 

and sheep will probably play an even greaver role in contributing to rural diets and 

income, in some cases potentially replacing cows as milk suppliers. In adddition, there is 

a growing world demand for small ruminants and their products to which these high 

potential agricultural areas may be able to profitably respond. 
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INTRODUCTION
 

The government of Kenya has recently emphasized the direct importance of its 

national sheep and goat flocks to the low income small holder by providing resources for 

their future development. As the world demand for small ruminants increases, the 

potential contribution of these animals to the country's economy is becoming important. 

Research programs like the UNDP/FAO Sheep and Goat Development Project (SDGP) 

have been initiated to increase sheep and goat productivity and improve the standard of 

living of the small farmer. The SGDP is active in both extensive range and intensive 

cropping regions, including investigation of dairy goats in the latter region. The partici­

pation of the Small Ruminant CRSP in Kenya will facilitate the continuation of the 

government's research efforts to improve small ruminant performance. 

Research results generated in Kenya could be applied to other high rainfall tro­

pical areas where mixed crop/livestock production systems exist or have the potential to 

be developed. Research here could also be useful in other areas of East Africa where 

cropping is the primary activity and livestock enterprises are of secondary importance. 

Because the problems of small ruminant productivity in Kenya are multifaceted 

and interact in a dynamic and complex manner, a multidisciplinary research effort will 

he required to meet the goals of the SR-C RSP in this region. The Ministry of Agricul­

ture, the Kenyan agency with which the SR-CRSP will collaborate, wishes to emphasize a 

coordinated approach to the study of the physical: biological, ecological, economic and 

sociological elpments in the agricultural production system. The US scientists working in 

Kenya intend to collaborate among themselves, and with their Kenyan counterpart scien­

tists in the Minsitry of Livestock Development, University of Nairobi, Central Bureau of 

Statistics and UNDP/FAO SGDP. 

The Breeding and Health projects will collaborate to obtain specific information 

on animal health status and response of different levels or types of disease exposure and 

health care. This study will provide an opportunity to examine the effect of genotype ­

environment interaction on productivity and health. The Economics project will coop­

erate with the Health project to study animal health economics and with the Manage­

ment and Sociology projects to examine livestock production, farm decision making, 

marketing and consumption and conduct assessments of marketing potential and other 

topics which extend beyond the province of any single discipline. The Sociology project 

will gather field observation data relevant to the Breeding, Nutrition, Health, Manage­
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ment, Economics, and Systems projects. All the projects will cooperate to produce a 

description of the small ruminant production and marketing system including catego­

rization and quantification of production constraints and social and cultural factors. 

An important component of the small ruminant coliaborative effort will focus on 

integrating economic and sociological factors with agricultural data obtained at exper­

iment stations and in the field, to both delineate the current small ruminant production 

systems and develop a coherent series of recommendations for improving animal produc;­

tivity and marketing efficiency. These recommendations should consider how the ele­

ments which comprise the various production systems operate in relationship to each 

other to influence the functioning of the overall small ruminant production system in 

Kenya. Towards this end all the project participants will cooperate on a baseline study 

to characterize the entire small ruminant production system in the high and medium 

potential areas, the data from which will be useful to each project when they make their 

recommendations for improvements of the system and will also be made available to 

Systems Analysis for the Production Systems Simulation Model. 

This collective approach to confronting the severe constraints upon animal pro­

ductivity in this densely populated, intensively cultivated environment should facilitate 

the development of an integrated research endeavor which views the various agricultural 

problems of the region from a comprehensive rather than isolated perspective. Table 1 

lists the US and Kenyan principal investigators (Pl's), participating US and Kenyan insti­

tutions, and the research area upon which each individual project will focus. 
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TABLE 1 

PROIECT AREA PARTICIPATING INSTITUTIONS 

Animal Breeding 

and Genetics 

Ministry of Livestock Development 

University of Nairobi 

UNDP/FAO 

University of California, Davis 

Nutrition (Forages) Ministry of Livestock Development 

University of Nairobi 

Ohio State University 

Animal Health Ministry of Livestock Development 

University of Nairobi 

UNDP/FAO 

Washington State 

Management/Production Systems Ministry of Livestock Development 

University of Nairobi 

Central Bureau of Statistics 

UNDP/FAO 

Winrock International Livestock Center 
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PROJECT PARTICIPANTS 

W. Odenya 

M. Sherafeldin 

G. E. Bradford 

R. W. Van Keuren 

T. C. Quick 

E. W. Allonby 

W. G. Huber 

J. Gorham 

F. Abinanti 

Z. Gathuka 

A. M. Said 

H. Kayongo-M ale 

E. W. Allonhy 

H. A. Fitzhugh 

M. W. Sands 

J. A. Yazman 



Table 1 (continued) 

PROJ ECT AREA 

Economics 

Sociology 

Systems Analysis 

PARTICIPATING INSTITUTIONS 

Ministry of Livestock Development 

University of Nairobi 

Central Bureau of Statistics 
Winrock International Livestock Center 

University of Nairobi 

University of Missouri 

Ministry of Livestock Development 

University of Nairobi 

Texas A&M University 

PROJECT PARTICIPANTS 

A. j. DeBoer 

M. Job 

M. F. Nolan 

R. Campbell 

A. Noble 

Z. Gathuka 

T. C. Cartwright 

G. M. Smith 
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PROBLEM
 

The majority of the small ruminants in Kenya are managed under dry range con­

ditions in pastorail husbandry systems. The problems encountered by both the sedentary 

and transhumant herders in this environment are. currently receiving considerable atten­

tion and the Small Ruminant CRSP intends to concentrate its efforts instead, in the 

densely populated high and medium potential agricultural areas where the potential for 

small rurinant contributions to the food supply and economy have not yet been fully 

realized or adequately explored. 

The coastal region, an area in which the Ministry of Agriculture is developing a 

major sheep and goat research center, the heavily populated Northwest, and the limited 

scaie cropping areas northeast of Nairobi are examples of regions where small ruminants, 

pdrticularly dairy/dual purpose goats, could be more effectively integrated into the 

mixed crop/livestock production system. 

Livestock rese3rch in Kenya has been traditionally oriented towards cattle despite 

the fact that goats could fit well into the land and capital limits of small holder subsis­

tence farmers. Because small stock has not been the focus of active investigation, little 

is known about their adaptability and productivity under humid, tropical conditions, 

particularly their responses to climatic and health stresses. The common disease prob­

lems of dairy goats in temperate environments, internial parasites, mastitis and brucel­

losis, are exacerbated by trypanosomiasis, a disease transmitted by the Tse tse fly and a 

problem of major importance in the humid tropics of Africa. 

Among their advantages, goats are small, have short gestation lengths, are multi­

parous and steadily produce small, readily usable quantitites of high quality protein (milk 

and meat), a nutrient for which there are inadequate intake levels in many small holder 

households in the humid tropics. As farm sizes continue to decrease, parcels of land too 

small to support a dairy cow could support several dairy goats. These animals, if pro­

perly managed, could augment the protein available for human consumption in areas 

where current supplies are inadequate particularly among children and pregnant and 

lactating women. They also could provide needed farm income as the domestic and 

export demand for sheep and goats and their products increases. Some of the more­

specific problems the SR-CRSP intendsto investigate include: 

8
 



ANIMAL BREEDING AND GENETICS 

If dual purpose goats with reasonable dairy poduction are to be successfully 

introduced in Kenya, a goat strain with at least moderate milk production potential that 

is adapted to humid areas and displays some degree of trypano tolerance is required. 

There are at present no such types available for distribution through the intensive mixed 

crop/livestock farming areas in Kenya and it will be necessary to develop such an animal 

if dairy/dual purpose goats are to be included in the present agricultural production 

system. 

NUTRITION (FORAGES) 

Forages constitute the major source of nutrients for livestock in the tropics and 

their utilization integrates with the utilization of marginal land, crop interstices and 

crop rotation programs. Even on small parcels, year round forages could supply adequate 

year round feed if properly developed and managed. There is however, a lack of infoi­

mation on the quality, intake and digestibility of tropical forages and serious gastro­

intenstinal parasitism in tropical livestock that exacerbates this situation. 

ANIMAL HEALTH 

Disease and parasitism act in concert with other production system constraints to 

reduce the productive output and profit of small ruminant enterprises. Animal morbidity 

and mortality compound the problems of small holders raising dual purpose goats on 

intensive integrated crop/livestock farms in Kenya. 

MANAGEMENT/PRODUCTION SYSTEMS 

To successfully incorporate dairy/ dual purpose goat production into the existing 

livestock production system will require that the problems of intensive management in 

the humid tropics be investigated. These include the on-farm interactions of genetic and 

nutritional requirements, health problems and husbandry level with the off-farm interac­

tions of dairy and meat processing, marketing and other financial considerations and the 

socio-cultural framework within which the entire system operates. 

ECONOMICS 

In addition to the physical and biological constraints on animal productivity in 

Kenya, the lack of knowledge about various production and marketing mechanisms and 

9
 



demand characteristics for small ruminant products further limits potential production 

system improvements. This has been particularly true of goat production systems in the 

areas of medium to high agricultural potential. 

SOC!OLOG Y 

Social and cultural attitudes are important and play a vital role in determining the 

overall pattern of small ruminant husbandry. They exert considerable influence on the 

decision making process of small holders and moie research is needed on specifically 

where and how these factors operate within the total framework of the small holder, 

small ruminant production system. 

SYSTEMS ANALYSIS 

Integration of improvements made in individual components of an animal produc­

tion system by systems analysis techniques is a relatively new field of science which 

takes into account the interaction of many factors contributing to the function of the 

production system. Factors having major effects on small ruminant producing systems in 

Kenya include: disease and parasite stresses interacting with nutrition and breeding 

which further interact with management, marketing, and other socio-economic effects. 
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OBJECTIVES
 

The long range objective of the Small Ruminant C RSP in Kenya is to increase the 

efficiency of production and distribution of small ruminant meat, milk and fiber in order 

to increase the food supply and raise the income of the small holder. The problems will 

be addressed by investigating the areas of the production systems which are amenable to 

modifications leading to im.jroved animal performance and product delivery. All the 

investigators involved in Kenya will conduct research to further clarify the present 

conditions in the production systems, explore innovations which could improve them, and 

produce results applicable to Kenya's medium and high potential agricultural regions as 

well as other areas with similar conditions. 

The projects are designed to be compatible with the Ministry of Agriculture 

guidelines, interdisciplinary in nature, and have Kenyan and SR-CRSP personnel colla­

borate closely with each other on their projects and with the personnel of the other 

projects. The primary focus of the research will be to define the constraining factors 

limiting small ruminant production in order to increase the population's nutritional levels 

and optimize productive and economic return. The biological and socio-economic con­

straints to dairy/dual purpose goat production in the high and medium rainfall areas of 

Kenya will be identified and alleviated in order to facilitate the development, implemen­

tation and strengthening of goat produ':tion systems in areas where they are not cur­

rently widespread. An adapted technology package designed to be compatible with the 

small holders technical and socio-economic requirements will be examined to ascertain 

whether it is suitable for integration with the current mixed crop/livestock production 

system. 

The researchers will train Kenyan gi ?Ojate students, and increase knowledge and 

competence of US and Kenyan project parcicipants. The problem of the limited resource 

farmer engaging in small ruminant production will be better understood. particularly 

those interactions of the system's components and constraints which are of critical 

importance to productivity. Finally, it is important that the research results be acces­

sible to the wide range of people who need to understand and implement them. Seminars 

^nd short courses will be conducted. Published research papers and technical reports in 

English and Swahili will be made available in the US and Kenya. In this way a large 

number of people can derive benefit from the collaborative efforts of the Ministry of 

Agriculture and the Small Ruminant CRSP. 
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In addition, to the broad, long range goals, the individual projects of the SR-C RSP 

will fulfill their short range goals by focusing their research on specific objectives, which 

are: 

ANIMAL BREEDING AND GENETICS 

Baseline data on the performance of indigenous goat breeds and crosses under 

intensive farming conditions will be obtained. The Breeding project will compare the 

reproduction, growth, milk production and state of health of East African and Galla 

goats, their F1 crosses and crosses between these native breeds and two or three dairy 

breeds in the presence or absence of trypanosomiasis challenge. Using this information, 

a breeding plan for the improvement of dual purpose goats in small holder production 

systems will be developed. 

NUTRITION (FORAGES) 

The Nutrition project will identify and characterize the locJ forages and feed­

stuffs available in tropical Kenya as well as the animal and feed production systems and 

the genetic types of animals found there. They will use this information to develop 

forage/animal production systems and evaluate plant/animal response, and the nutritional 

and microbiological factors associated with forage production systems for small rumi­

nants. They will also determine the implications of the genetic variability of small 

ruminant resistance to gastorintestinal parasites under intensive grazing systems. 

ANIMAL HEALTH 

The Animal Health project seeks to implement effective preventive, therapeutic 

and control practices to reduce mortality and disease among the small ruminants in 

Kenya. They will adapt and modify control and prevention programs known to be suc­

cessful, design novel approaches to herd health programs and initiate a pilot program for 

improved animal health management, chemoprophylaxis and therapeusis for diseases 

important in Kenya (ie. sheep pox). The information necessary for improving and for 

expanding herd health delivery systems which incorporate new applications of technology 

will be disseminated throughout Kenya. 

MANAGEMENT/PRODUCTION SYSTEMS 

The Management project will develop the facilities to conduct experiments de­

signed to investigate intensive management systems appropriate for dual purpose goats 
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on small holdings. The agricultural production systems currently in use will be examined 

in order to determine the major constraints to such production systems and identify 

research priorities. The work will include the identification cf feed resources, health 

problems, animal resources (genetics) product utilization, markets, labor requirements 

and small holder attitudes towards goats. This information will be used to establish a 

baseline data base of production and economic coefficients for use in computer simula­

tions and the assessment of future product'on system modif'.-ations and interventions. 

Work to be conducted on the Winrock Inte'national Livestock Research and Training 

Center, Arkansas, includes the evaluation :f various management systems and nutrien 

requirements for kids, replacement fem le.- and lactating does and a documentation of 

the quantity and source of phenotypic variation for growth, lactation, fertility and health 

in five dairy goat breeds: Saanen, Alpine, To.genberg, Nubian and La Mancha. 

ECONOMICS 

I 'sing data from all the projects, the Ec,.nomics project will describe the existing 

physical, biological, organizational, and socio-economic aspects of the existing small 

ruminant production system, as part of the general farming system. Using this data they 

will undertake production economics farm management studies, in order to make a 

detailed analysis of the constraints influencing small farm, small ruminant production 

including those associated with introducing or expanding existing small ruminant enter­

prises in areas where they are currently not widespread. They will also define con­

straints influencing consumption, marketing, pricing, processing and distribution of small 

ruminant products in order to initiate research efforts to alleviate these problkms. The 

long term prospects for the production and marketing of small ruminant meat, milk and 

hides will be identified and the optimal product mix patterned for various target farmer 

groups will be defined. The Economics project will also provide input into research 

planning and design and aid in the evaluation and analysis of the SR-CRSP program. 

SOCIOLOGY 

A general sociological constraint of primary importance is that any proposed 

technical modifications of the present small ruminant production systems in Kenya do 

not disturb the cultural fabric of small holder society to the extent that they are harmful 

rather than beneficial. Such potential dangers will be studied in depth with the objective 

of defining the small r minant production systems and then recommending the manner in 

which needed improvements could be implemented so the changes they bring to the local 

population remain positive and if possible, within the context of traditional patterns. 
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SYSTEMS ANALYSIS 

Computer simulation models of livestock goat production systems have been 

successfully used to increase the effectiveness of research efforts by identifying know­

ledge gaps and establishing research priorities and needs. In addition, validated computer 

simulations can be used for baseline simulations. Model applications of specific interest 

include t, e evaluation of production systems that incorporate dairy and dual purpose 

goats into agronomic production units in Kenya. This evaluation will include the assess­

ment of traditional and alternative management practices, feed resources and supple­

mentation programs, available breed types and application of research results. As appro­

priate, small ruminant production systems will be evaluated with primary emphasis on 

integration of a secondary livestock enterprise into small holder agronomic production 

units. 
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APPROACH
 

A number of approaches taken by the participants are common to the entire group 

while others are project specific. Good communication among all projects and a high 

level of cooperation is considered essential to the SR-CRSP. Lollaboration among 

Kenyans and SR-CRSP will be enhanced because projects are designed to intermesh with 

the Ministry of Agriculture's current priorities. 

All the projects will support US and Kenyan graduate students, provide training 

for in-country Kenyan scientists and technicians, conduct literature searches on topics 

relevant to their research area, and review the available data in their field for inclusion 

in the baseline survey. 

The following specific approaches will be employed by the component projects. 

ANIMAL BREEDING AND GENETICS 

An initial small farm survey will be conducted to obtain reproduction, survival and 

age related weight data which will be summarized by breed or cross and used as a guide 

for selecting initial stock for breeding studies. Indigenous and F1 dairy/indigenous 

crosses will be used in a preliminary evaluation of the effect of genetic potential for 

milk production on animal performance response to different levels of feeding, manage­

ment and disease exposure and control. Local breeds and dairy/local crosses wil! be 

evaluated in at least two locations other than the one in which they were produced and 

one of the environments will be an area in which the Tse-tse fly is present. Data to be 

recorded on the does includes conception rate and numbers of kids born and weaned per 

doe bred and per doe kidding. All the kids will have their birth -nd weaning weights 

recorded. Variables measured in the female progeny include the following charac­

teristics: 

* weight at 6, 9, and 12 months 

* age at first estrous 

9 age of first parturition 

* number of kids born and weaned 

* milk production 

* kidding interval 

* seasonal kidding distribution 

Based on these results, superior animals will be identified in order to continue further 

breeding and evaluation studies. 
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NUTRITION (FORAGES) 

A preliminary survey and evaluation of forage yield, utilization and pre."ervat-or 

and animal adaptation and nutritional requirements in the context of the available forage 

and animal production system will be made. Forage samples will be collected for labora­

tory compositional analysis of mineral and nutrient content. Intake and digestability 

trials, some to be run on fistulated sheep and goats, will be conducted. Laboratory 

procedures will be devised for the establishment of an in vitro fermentation system to 

estimate dry matter digestibility of local forages and for chemical analyses of the sam­

ples from digestability trials. They will also initiate studies which investigate the asso­

ciation between gastrointestinal parasitism and nutrient availability and establish a 

cooperative plan for determining the effect of season and husbandry systems on the 

degree of gastrointenstinal parasitism among various genetic types. 

ANIMAL HEALTH 

A survey instrument for all herd health projects to effectively measure the preva­

lence and economic significance of major small ruminant diseases and ectoparasites will 

be developed in order to collect data on: infectious and noninfectious diseases; reproduc­

tive performance; weak and dead neonates; diseases of young and growing animals; 

management practices and nutritional profiles. In their studies of sheep pox, the Health 

project will concentrate on producing antigens and anti-serums for the viruses associated 

with the disease and develop methodologies for using reagents to improve diagnostic 

procedures and control methods. New anthelmintics and coccidiostats will be tested as 

part of an effort to combat internal parasites. Information on small ruminant health 

problems will be coordinated with data on nutrition, genetics and animal and land 

management to aid in the establishment and implementation of successful herd health 

programs. 

MANAGEMENT/PRODUCTION SYSTEMS 

Experiments will be conducted to define nutrient requirements and evaluate local 

feed resources in order to develop feeding standards. Herd health, breeding and manage­

ment programs will also be evaluated. Comprehensive production system surveys in high 

potential areas will be initiated to describe the current agricultural system, identify its 

constraints and establish baseline data for future comparisons. Procedures will be devel­
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oped for long term monitoring of typical small farm production systems. Among the 

characteristics recorded will be: 

* individual animal id-ntifications 

* periodic assessment of: 

* production traits
 

" growth,
 

" milk yield
 

* fertility 

* health status 

* seasonal fluctuations of nutrient quantity and source 

* inputs (labor requirements)
 

" product utilization
 

• competition for other crop and livestock activities. 

At Winrock International, production data will be collected and analyzed to evaluate 

genetic and environmental sources of variation and four feeding regimes for pre-weaned 

kids will be compared to initiate management requirment evaluation studies and develop 

feeding standards. 

ECONOMICS 

Primary and secondary sources will be used to collect production system descrip­

tion data. Broad based field surveys as well as farm, marketing agent and central market 

surveys will yield information on consumption patterns and facilitate demand analysis. 

Survey and experimental data will be used to initiate the development of a 
physical/financial model of the small farm-crop livestock complex. 

SOCIOLOGY 

Several types of intensive field work, including in depth observations and survey 

techniques, will be employed to define small ruminant production systems in the Western, 
Nyanza and Coastal districts of Kenya. Field studies related to key socio-cultural con­

straints to increased small ruminant pruduction will be conducted from both a small 

farmer and structural socio-economic perspective. Special emphasis will be placed on 

examining small holder risk decision making, the role of women and children and how 

they influence the function of the system, the role of small ruminants in the rural com­

munities' social fabric, and the role cooperative groups, particularly those formed by 
women, can play in the production of small ruminants. The social consequences of incor­
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porgting small ruminants into a predominantly crop based agricultural system will be 

assessed. Finally, the project will perform evaluation studies on proposed and imple­

mented production system alterations and interventions designed to increase small rumi­

nant productivity. 

SYSTEMS ANALYSIS 

Dynamic, comprehensive, mathematical models, based on biological functions, will 

be developed both for sheep and goat production systems with the individual animal as 

the modeling unit. Production data collected in Kenya will be used to validate model 

input parameters. Input data specific to each location and management sy!;tem related 

to forage qualities through time, growth and lactation parameters and management 

policies, are required for the validation process. The validated simulation will serve as 

baseline data. Further simulations with varying inputs will then be used to identify the 

research required to develop techniques to accomplish specific objectives, synthesize 

alternative and ecozone specific production systems, and supply biological input-output 

data of traditional and altered production systems for use by the Economics and 

Sociology projects in such analyses as production efficiency studies. Specific production 

system components and alternative practices to be examined include: 

0 improved supplemental feeding 

* use of cultivated forages
 

0 disease controi ;:,)grams
 

0 the optimum breeding season
 

0 the value of exotic breeds and crossbreeding
 

* weaning, culling and marketing at younger ages 

* market conditions and social customs 

18
 



INDICATORS
 

The major activities which demonstrate that the investigators are engaged in an 

on-going research effort include: 

1. 	 Searching the literature and available records for information pertinent to 

each compone.it's needs. 

2. 	 Gathering data and observations for inclusion in the baseline survey and 

computer simulation mode;s. 

3. 	 Conducting planned experiments using animals located at the field stations 

and in the surrounding communities. 

4. 	 Surveying and defining the important characteristics of the market struc­

ture and the social system. 

5. 	 Implementing alternatives in the current production system that their 

research results indicate could improve productivity and efficiency. 
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ASSUMPTIONS THAT OBJECTIVES CAN BE MET 

1. 	 That the US and Kenya can establish an effective collaborative research
 

support program.
 

2. 	 That there are sufficient numbers of trained personnel and potential stu­

dents interested in pursuing research on small ruminants in the context of 

the limited resource producer. 

3. 	 That there is currently an adequate supply of information to successfully 

launch the initial baseline survey and that active research programs pre­

sently in existence will be continued and strengthened. 

4. 	 That research and field stations at which basic and applied res:.arch can be 

conducted will be provided, including the provision of adequate land, laLor­

atory facil'ties and flocks of reasonable sizes. 

5. 	 That good relationships will be maintained between the investigators and 

the local communities so production data and breeding records can be 

compiled and broadly based, applied research can be conducted and imple­

mented on large flocks in a practical setting. 

6. 	 That there are trained project leaders and personnel to oversee the daily 

operations of the research projects, maintain records, and insure the conti­

nuity of the research effort. 

7. 	 That the local farmers with whom the investigators work cooperate with 

field survey and production data gathering efforts. 

8. 	 That those components of the small ruminant production system under 

investigation are able to respond to alterations in a positive manner. 

9. 	 That the necessary cultural adjustmcnts and technology transfers to imp­

lement the suggested improvements in the small ruminant system can be 

made. 

20 



10. 	 That once research is completed, all those involved in its implementation 

support extension efforts to institute changes in the husbandry practce of 

the small holders. 

11. 	 That USAID will continue funding the project over a period of time suf­

ficient for data to be collected and integrated, practical applications 

implemented, and the net effects of the alterations of the production 

system analyzed. 

12. 	 That inflation be adequately accokinted for in the allocation of funds to 

support the SR-CRSP. 

13. 	 That political stability in Kenya and the US governt ent's view of Kenya 

continue for the duration of the SR-CRSP. 
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ASSUMPTIONS THAT MEETING THE OBJECTIVES WILL SOLVE THE PROBLEM
 

1. 	 That the project participants have chosen to investigate, in an integrated 

manner, appropriate areas of small ruminant production systems. In par­

ticular, that the research will be conducted on those points where con­

straints operate and junctions at which critical components interact. For 

example, it is assumed that several scientists obtaining information on the 

seasonal dietary preferences of grazing animals, the nutritive value of 

feeds, rumen function, and a'ailability of by products, will lead to formu­

lation of appropriate supplementation practices that when implemented 

will indoed correct nutritional problems. 

2. 	 That presently existing and newly SR-CRSP acquired knowledge and tech­

nology could, with further research overseas, be placed in a context appro­

priate for implementation in tropical, semi-arid areas. For example, in 

other LDC's there are currently improved native breeds of livestock which 

clearly demonstrate that sound breeding techniques can be applied to many 

types of native animals to improve productivity. 

3. 	 That students and faculty trained in the SR-CRSP in Kenya will remain 

active in their fields and continue to contribute their expertise in an effort 

to increase the productivity of limited resource, small ruminant production 

systems. 

4. 	 That the Kenyan government provides adequate funding and incentive to 

implement changes in the limited resource farmers' production methods by 

supporting grazing control measures, genetic improvement and preventive 

flock health programs and the establishment of appropriate economic 

policies with regard to price supports, marketing institutions and reliable 

credit. 
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OUTPUTS
 

The outputs of the Small Ruminant CRSP will be the accomplishment of the 

objectives stated in the previous chapters and specifically referred to in the original 

project plans appended to this report. The results of the research will be made available 

through the publication of progress reports, documents and journal articles written on 

several levels to suit the people, the Ministry of Agricultujie, scientific researchers, 

laboratories, extension officers, and local faimers. Extension efforts will include short 

courses, seminars and discussion, particularly for those people who are directly 

responsible for transferring new technology and methodology to the limited resource 

producer. There will be an increase in the number of trained students, and the level of 

competence of all those involved in the Small Ruminant CRSP. 
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Background
 

Small ruminants are an important part of Kenya agriculture, and may become
 

more important as farm size decrease'j, possibly replacing cows as a source of
 

milk in some cases. Information is needed on the comparative elficiency and
 

suitability of cows and goats as sources of milk under intensive farming systems
 

ip Kenya and in other countries with similar resources. At present there are
 

no strains of goats in Kenya with high milk production potential which are also
 

adapted to the more humid areas, particularly those where the tse tse fly is
 

present. There is a need therafore to determine if a trypanotolerant goat with
 

at least moderate milk production potential can be found or developed. There
 

may also be a need in the near future for dairy or dual purpose goats well suited
 

to the intensive farming areas at intermediate and higher elevations.
 

Long term objectives
 

1. 	Obtain base line data on performance of indigenous breeds and crosses
 

of goats under intensive farming conditions in Kenya.
 

2. 	Compare reproduction, growth, milk production and health status of
 

East African and Galla breeds of goats and of F1 's produced by crossing
 

these two breeds with each other and with two or three dairy breeds,
 

in the presence and absence of trypanosomiasis challenge.
 

3. 	Provide animals of two or more breeds or crosses differing in milk
 

production potential, for collaborative research among breeding,
 

forage, nutrition and helath projects.
 

4. 	Develop a breeding plan for the improvement of dual purpose goats for
 

smallholder production systems in Kenya and other tropical countries.
 

5. 	Participate in development of genetic improvement plans for other classes
 

of small ruminants in Kenya.
 

Personnel
 

G. 	E. Bradford (UCD), W.Odenya and M. Sharafeldin (Sheep and Goat Development
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Project), and B.W. Kennedy and C. Finley (UCD). Participation by a University
 

of Nairobi faculty memeber or members is also a possibility.
 

Approach (19o0-81)
 

1. Reproduction, survival and weights at different ages obtained in the
 

initial survey of small farms will be summarized by breed or cross,
 

where this is known, as a guide for choice of Rtocks for further
 

breeding work.
 

2. 	Indigenous (East African, Galla or cr,.ssbred) and F1 (dairy 7. indigenous)
 

animals of comparable age and prior treatment will be obta7ined from
 

existing Sheep and Goat Development Project herds or from private breeder,
 

or produced by matings among available stocks, fur use in the initial
 

phases of the interdisciplinary project being planned for an Experiment
 

Station in western Kenya. These will enable a preliminary evaluation
 

of the effect of genetic potential for milk production on response
 

to different levels of feeding, management, disease exposure, and
 

control, for use in future planning of work in these areas.
 

3. 	A station will be identified where the breeding project outlined below can
 

be carried out, and stocks can be assembled in time for mating in late
 

1980 or early 1981. The station could be the one designated for the
 

interdisciplinary research project, if the latter is large enough, or
 

another research or multiplication center such as 01 Magogo. if that is
 

more suitable. A unit with feed resources, labor and facilities for
 

a minimum of 300 and preferably 600 breeding females, plus males and
 

replacements, will be needed.
 

Year 2-5
 

1981-85. Animals of different breeds and crosses will be produced in one
 

location, and evaluated in two or more locations, at least one of which will
 

represent a high trypanosomiasis challenge. If possible, samples of the different
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groups will be placed on small farms and data collected on their performance
 

under those conditions.
 

Table 1. Phase I Mating Plan to Evaluate Local
 

and Local x Dairy Breed Crosses
 

A. 	300 breeding females B. 600 breeding females
 

Breed of female Breed of female
 

E. African Galla E. African Galla
 

Breed of male
 

East African 60 30 60 60
 

Galla 30 60 60 60 

Toggenburg 60 -- 60 60 

Nubian 60 -- 60 60 

Alpine 60 -- 60 60 

210 90 	 300 300
 

Some Toggenburg and Nubian males are available in Kenya, through the Sheep
 

and Goat Development Project and possibly from private breeders. Additional
 

males of these two breeds, and Alpine breed males, will be imported if this is
 

at all possible. If not, artificial insemination with imported semen will
 

be attempted.
 

The mating outlined in table 1 will be continued until 60-80 female progeny
 

per group have been produced.
 

Data 	to be reco 2d will include:
 

-Conception rate
 

-numbers of kids born and weaned per doe hred and per doe kidding
 

-birth and weaning weights - all kids
 

On female progeny:
 

-weights at 6, 9 and 12 months of age
 

-age 	at first estrus (if labor is available)
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-age at first kidding, following exposure to males at a standard age
 

(10-12 months)
 

-number of kids born and weaned
 

-milk production (estimated by hand milking or weigh-suckle-weigh)
 

-interval between parturitio.is
 

-distribution of kiddings by season
 

Female progeny would be divided and evaluated in at least two environments
 

as described earlier. This division could be done at weaning or at any time up
 

to third kidding, depending on facilities available and other considerations.
 

Allocation to different environments at an early age would provide information on
 

genotype - environment interaction earlier; delay of this step would permit more
 

accurate evaluation of the different groups in the initial envirionment, and
 

provide Phase II progeny in larger numbers over a shorter period of time.
 

Trypanotolerance of the different groups might be evaluated by placing weaned
 

male kids in a flock such as Matuga.
 

Phase II.
 

Assuming early results indicate one or more of the crosses to be superior
 

to the purebred East African and Galla breeds where milk as well as meat production
 

is the goal, the best one or two Fl's will be backcrossed to both parents to evaluate
 

the effect of level of exotic inheritance on performance of goats in Kenyan envi­

ronments. For example, if the Toggenburg x East African cross had the best perfor­

mance in Phase I, the Phase II mating plan would be as shown in table 2.
 

Table 2. Phase II Mating Plan (Example).
 

Males Females
 

East African Toggenburg x E. African (F1 )
 

E. African 60-100 60-100
 

Toggenburg 60-100 60-100
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The four progeny groups from the matings outlined in Table 2 would have 0, 25,
 

50 and 75% exotic (dairy) breed inheritance, from which the optimum proportion
 

of such inheritance could be estimated. The four groups would each be subdivided
 

and evaluated in at least two environments; it is quite possible that the optimum
 

will differ between locations where trypanosomiasis is and is not present.
 

General
 

In both Phase I and Phase II, the research will be collaborative with other
 

projects. Close collaboration with the veterinary project will be particularly
 

important, to obtain specific information on health status and response to different
 

levels or types of disease exposure and health care of the different breeds and
 

crosses. There should be an opportunity here for definitive studies on genotype­

environment interaction in health status. Evaluation of the different genotypes
 

on different kinds of diets and under different management systems may be equally
 

productive. Observations on behavior and other factors affecting adaptabiiity
 

of the different types to management typical of small farm systems will be made
 

where possible. Recording of complete inputs (feed, labor, etc.) and outputs,
 

on samples of the different breeding groups, will also be made if possible, in
 

collaboration with the economics and systems projects.
 

esearch in the U.S.
 

The U.S. component of the project during 1980-81 will consist primarily
 

of genetic evaluation based on DHIA records, to aid in selection of males for use
 

in both the U.S. and Kenya. Preliminary analyses of DHIA records have indicated
 

very large effects of parity (lactation sequence) independent of age, on level
 

of milk production; for example, does starting their second lactation at 24 months
 

produce about 20-25% more milk than those with first lactations started at the
 

same age. Factors, e.g. season of birth and breeding season, which might help
 

explain this effect are being investigated from the DHIA records, although a full
 

understanding will no doubt have to await controlled experiments.
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Work 	on genetic evaluation will be undertaken as soon as satisfactory
 

correction factors for age and season have been developed. At this time it is
 

not known how useful the existing DHIA data will be for this purpose, but as much
 

information as possible will be extracted.
 

Two areas where the combination of research in the U.S. and in Kenya should
 

provide valuable information on factors affecting production in dairy goats are:
 

1) The effect of latitude on seasonality of breeding in different breeds
 

2) Genotype - environment interaction, e.g. is the ranking of breeds or of
 

sire groups within breeds for important production traits the same in the
 

different environments.
 

Answers to these questions will be very valuable in developing future
 

breeding plans for improvement of production in this species in other developing
 

countries, in the tropics and elsewhere. These investigations represent a long
 

term goal of the project, but work towards them will be initiated in the coming
 

year.
 

Expected 1980-81 activities and achievements
 

1. 	Support of the farming systems survey, and preliminary summary of
 

survey data relevant to breeding project goals.
 

2. 	Initial matings of East African and Galla females to dairy breed males,
 

using Toggenburg and Nubian males available in Kenya.
 

3. 	Importation into Kenya of bucks (or semen) of 3 dairy breeds.
 

4. 	Assembly of East African and Galla females for Phase I, and completion of
 

the first matings for Phase I.
 

5. 	Recruitmeat of a full-time graduate student or postdoctoral person to
 

work on the Kenya breeding project.
 

6. 	Estimation of accurate age and season correction factors for dairy goat
 

records in the U.S., and use of corrected records for genetic evaluation.
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Assumptions
 

1. 	Funding for the project in the amounts requested.
 

2. 	Availability of experiment station facilities adequate for at least
 

Phase I Plan A.
 

3. 	Provision of East African and Galla females by the Sheep and Goat
 

Development Project.
 

4. 	Permission to import bucks into Kenya, and partial support of cost of
 

doing so from Site Development funds or funds from collaborating projects.
 

Inputs (See Budget Section)
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II. 	 Project Proposal
 

A. 	 Description of Problems
 

Improved forage production systems for smallholder mixed crop/livestock produc­

tion are needed to increase animal productivity in the tropics. Forages are the
 

only or major source of nutrients for small ruminants in this region and involve
 

the utilization of marginal land, crop interstices and crop rotation programs.
 

Frequently, smallholders have a small number of animals and control a limited amount
 

of land, but the availability of year-round forage could supply adequate feed if
 

properly developed and utilized. Compounding the problem of forages in the tropics
 

is the lack of information on the quality, intake and digestibility of the tropical
 

forages and serious gasi:rointestinal parasitism, resulting from intensive grazing.
 

Gastro-intestinal parasite infestation is recognized as a major production constraint
 

to most grazing sheep populations in the temperate and tropical zones throughout the
 

world. Utilization of genetic variation for parasite resistance provides a basic
 

approach for establishing genotypes with permanent inherent protection against
 

parasitic infestation. Genetic resistance to gastrointestinal parasites is of
 

potential importance for intensifying animal grazing systems in the developing
 

countries of the world.
 

B. 	 Objectives:
 

1. 	To identify and characterize the forages available in the tropics.
 

2. 	To develop forage/animal production systems and evaluate plant/
 

animal response.
 

3. 	To evaluate the nutritional and microbiological factors of tropical
 

forage production systems for small ruminants.
 

4. 	To determine the importance of animal genetic variation for resistance
 

to gastrointestinal parasites under intensive grazing systems.
 

C. 	 Project Approach: First Year
 

1. 	General:
 

a. 	Establish in Kenya working relations with the personnel.
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b. 	Become familiar with local forages and feedstuff, animal and feed
 

production systems, and genetic types of animals available.
 

c. 	Locate laboratory and field facilities.
 

d. 	Obtain and train support personnel for on-site and Ohio locations.
 

2. 	Objective I (forage agronomic evaluation):
 

a. 	Review literature on tropical forages and small ruminant production
 

systems in the tropics.
 

b. 	Collect forage samples on-site and initiate laboratory analysis
 

on-site and in Ohio for determining mineral and nutrient composition.
 

c. 	Preliminary survey and evaluation of forages in terms of yield,
 

utilization, and preservation.
 

3. 	Objective 2 (forage/animal production systems, all on-site):
 

a. 	Preliminary evaluation of forage and animal production systems in
 

terms of availability, adaption, and animal nutritional needs as
 

currently known.
 

b. 	Plan production systems based on information obtained under "a".
 

4. 	Objective 3 (nutritional and microbiological factors):
 

a. 	Kenya
 

(1) Run intake and digestibility trials (if possible)
 

with sheep and goats on available forages.
 

(2) 	Surgically prepare fistulated sheep and goats.
 

(3) Establish laboratory set up for in vitro fermentation system to
 

estimate dry matter digestibility (DMD) of local forages, and
 

for chemical analyses of digestibility trial samples.
 

b. 	Ohio:
 

(1) Begin studies on association between gastrointestinal parasitism
 

and nutrient availability.
 

(2) Using the same forages, compare in vitro (DMD) obtained with
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rumen contents from Ohio and Kenya.
 

5. 	Objective 4 (utilizing genetic variation for resistance to gastrointestinal
 

parasites):
 

a. 	Kenya:
 

(1) Establish a cooperative plan with other PIs and on-site personnel
 

for determining the degree of gastrointestinal parasitism among
 

genetic types across season and type of husbandry.
 

b. 	Ohio:
 

(1) Complete an in-depth literature review on the genetic resistance
 

to internal parasites, consult with researchers in the areas of
 

physiological and immunological components of parasite resistance.
 

(2) Initiate experimental methods and strategy for collecting para­

meter measurements.
 

(3) Introduce population samples of sheep with inherent ability to
 

resist gastrointestinal parasitism.
 

(4) Continue matings for the expansion of existing hair sheep populations
 

and their crosses with indigenous groups.
 

D. 	 Indicators and Outputs
 

1. 	Indicators
 

a. 	Identification of potential forage/animal systems.
 

b. 	Evaluation of importance of gastrointestinal parasitism as a
 

production constraint.
 

c. 	Establishment of laboratory and field site working conditions.
 

2. 	Outputs
 

a. 	Literature reviews on forages and small ruminant production in
 

tropics.
 

b. 	Development of cooperative plans with collaborators at site locations.
 

c. 	Collection of on-site forage and rumen samples and animal data on
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parasitism.
 

d. Survey data on forages.
 

E. Assumptions:
 

Host countries will collaborate in developing and implementing projects and
 

that the necessary laboratory, animal, and field facilities and experimental animals
 

are available.
 

F. Inputs (See Budget Secr:ioai
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PLAN OF WORK - YEAR ONE
 

SUBGRANT ON HERD/FLOCK HEALTH PROGRAM
 

Washington State University, as one component of the AID Herd/Flock Health
 

Program, seeks to implement effective preventive, therapeutic and control measures
 

to reduce mortality and disease prevalence among small ruminants, especially dual
 

purpose goats on intensive small farms with integrated crop and livestock programs
 

in Kenya. Six objectives have been stated as a means to achieve these goals
 

under the five-year plan. The specific steps to be achieved during the first year
 

are detailed below by objective.
 

Objective One
 

To develop a prioritized list of activities by assessing the prevalence and
 

economic significance of major small ruminant diseases, parasite infections, and
 

health delivery deficiencies.
 

During months one through six, Washington State University (WSU) research
 

workers will collaborate with the survey instrument designers at the University
 

of California-Davis, Colorado State University, and Tuskegee Institute. Together
 

they will prepare a commonly designed survey instrument for all herd health
 

projects to effectively measure the prevalence and economic significance of major
 

small ruminant diseases and ectoparasites in Kenya. During months 6 through 18,
 

the survey will be in progress, with a preliminary report of findings due in
 

month 12, and a final report due in month 18. We expect that the survey will
 

collect such data as information on infectious and non-infectious diseases; repro­

ductive performance; weak and dead neonates; diseases of young, growing animals;
 

management practices; and a nutritional profile. These findings will provide
 

additional insights on interdigitating our activities with other components of CRSP.
 

During months one through three, Drs. John Gorham and Francis Abinanti will
 

prepare a preliminary report containing information on small ruminant diseases
 

prevalent in Kenya by literature perusal.
 

38 



In months one through seven, Drs. Abinanti and Huber will make a site visit
 

to Kenya to select, and establish working relationships with, Dr. Allonby and his
 

colleagues. They will also tentatively identify those scientists who have the
 

interest and technical background to -7ork collaboratively with WSU faculty on the
 

delivery of herd health systems. The WSU scientists will also prepare preliminary
 

reports on diseases, manpower, and other areas critical to the success of this
 

objective.
 

Objective Two
 

a) To adapt and modify known successful control and prevention programs.
 

b) To design new development approaches for herd health programs for small
 

ruminant diseases.
 

c) To initiate a pilot or demonstration program of improved animal health
 

management, chemoprophylaxis, and therapeusis.
 

Beginning with month nine and contining through the fourth year of this study,
 

sub-objectives a and b will be accomplished at WSU. The adaptation, modification,
 

and development phases will be based initially on the preliminary data gathered
 

early in year one by Drs. Abinanti and L'ber, and on data prepared by Dr. Gorham.
 

During the first year, we will expand these ongoing studies at WSU so that we may
 

obtain information useful for herd health delivery in Kenya in collaboration with
 

Dr. Allonby's program. For example, in our studies of sheep pox, we will concen­

trate on producing antigens and antiserums for viruses associated with the disease,
 

and will develop methodologies for using reagents to enable better diagnostic
 

procedures and methods of control. Also, we will continue ongoing research on
 

internal parasites, including testing of new anthelmintics and coccidiostats.
 

WSU scientists will focus on diagnostics, and will test diagnostic reagents and
 

develop and test control measures. Approaches will be explored to effectively
 

carry this information and technology to flock owners.
 

Sub-objective C of Objective two will occupy the second and third years of this
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grant after the survey is complete and an effective herd health delivery system
 

is determined for Kenya.
 

Objective Three
 

To coordinate information regarding small ruminant diseases, nutrition, genetics,
 

animal husbandry, and land management in the establishment and implementation of
 

HHPs.
 

Coordination with other United State3 and with Kenya components will begin
 

in the first year of this grant and continue with frequent meetings, exchanges
 

of documents, joint reports, and so forth, until the conclusion of the five-year
 

project. Specifically, in one example, we will work with the University of
 

California-Davis genetic study, under the direction of ir. Eric Bradford, to
 

provide herd health monitoring systems.
 

Arrangements have been made to collaborate on the Kenyan project with Ohio
 

State University on feed resources, University of California-Davis - breeding,
 

Winrock - economics, University of Missouri - sociology, Winrock - production
 

systems, and Texas Tech - system anlysis.
 

Objective Four
 

a) To expand the technologies within Kenya through interactio-o with their
 

scientists for expanding herd health delivery systems.
 

b) To investigate needs for graduate education for selected students from
 

Kenya.
 

During months 10 through 12 of the first year, WSU scientists will contact
 

Kenyan scientists through site visits. Future years of the grant will build upon
 

these contacts to improve herd health delivery (sub-objective a).
 

Sub-objective b will be accomplished after year one, and will build upon the
 

contacts made by WSU scientists in the first year.
 

Objective Five
 

To assist Kenya in training existing personnel as animal health technicians
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(paraprofessionals) in herd health delivery programs and in diagnostic, extension,
 

and research techniques important to HHPs.
 

During the first year, WSU scientists will identify audio-visual and other
 

aids that will assist the training program. By the end of the second year,
 

the actual training program will begin in Kenya.
 

Objective Six
 

To assist Kenya in developing a health care delivery system incorporating
 

the application of new technologies to small ruminant resources.
 

By the end of the first year of the grant, WSU scientists can take specific
 

action, with their Kenyan and FAO counterparts, to strengthen the ALLONBY health
 

care delivery system based upon knowledge gained through objectives one through
 

four, stated above. During the first year of this grant, WSU scientists, through
 

accumulation of data, personal contacts and research, will build a solid founda­

tion on which to establish a successful program for the remaining four years of
 

the grant.
 

We believe that the establishment of this small ruminant herd health delivery
 

program will result in the accumulation of a critical body of knowledge to address
 

disease control problems of small ruminants. Expanded and improved communications
 

programs between the United States and Kenya will develop, to effect the most
 

efficacious and economically feasible herd health program in consort with the
 

other 12 participating institutions. We expect that the improved disease preven­

tion and control methods developed under this study will eventually dominate disease
 

treatment. Thus, this program will result in more food and fiber becoming available
 

through an improvement in production efficiency.
 

Inputs (See Budget Section)
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II. Project Objectives
 

Project Objectives to be accomplished in collaboration with other SR-CRSP
 

projects (forage, health, breeding, economics, sociology and systems) and with
 

Government of Kenya and UNDP/FAO Sheep and Goat Development Project.
 

General Objective:
 

To develop and adapt goat production systems to the needs of smallholder
 

agriculturalists in the humid/sub-humid tropics, emphasizing dual purpose utiliza­

tion cf goats for production of milk and meat.
 

Successful accomplishment of this general objective will require coordinated,
 

collaborative efforts to accomplish the following specific objectives:
 

1. 	 Identify and amend biological constraints to dairy goat production.
 

a. Evaluation of nutrient requirements and development of general feeding
 

standards with emphasis on use of locally available, low cost feed
 

sources, including forage crops.
 

b. Characterization of health problems of goat under intensive management,
 

development and implementation of effective herd health programs.
 

c. Characterization of genetic resources, estimation of genetic parameters
 

and development of improvement programs with emphasis on fertility, milk
 

yield, growth rate and survivability.
 

2. 	 Identify and amend social and economic constraints to production.
 

a. 	Evaluation of social aspects of dairy goat production - taste and preference,
 

social status, political attitudes and policies.
 

b. 	Evaluation of financial costs and returns to all components of dairy goat
 

production, including benefits and costs of new or adapted technology.
 

c. 	Evaluation of current and potential markets for milk and meat from dairy
 

goat systems including local and export markets for improved products.
 

3. 	 Develop facilities and management techniques 
to improve productivity of
 

dairy goats and the harvesting, processing and preservation of milk and
 

meat products.
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4. 	 Develop and test appropriate materials and methodology for training scientists,
 

extension personnel and producers in the techniques required for successful
 

implementation of improved dairy goat production and marketing systems.
 

III. First Year Objectives:
 

A. 	Foreign site - Kenya
 

1. 	Design experiments and develop facilities for research on management
 

systems appropriate to dual purpose goats on small farms, including
 

evaluation of nutrient requirements.
 

2. 	Survey production systems in current use.
 

a. 	Identify feed resources, health problems, animal resources,
 

product utilization, markets, labor requirements and attitudes
 

of small farmers to goats.
 

b. 	Establish baseline data base of production and economic coefficients
 

for use in systems simulation and assessment of the impact of
 

future interventions.
 

c. 	Determine major constraints on production systems and identify
 

research priorities.
 

B. 	U.S. site - Petit Jean Goat Dairy/Winrock International
 

1. 	EvalLate management systems and nutrient requirements for kids,
 

replaceoent females and lactating does.
 

2. 	Document amount and sources of phenotypic variation for growth,
 

lactation, fertility and health traits for five dairy breeds (Saanen,
 

Alpine, Toggenberg, Nubian and La Mancha).
 

3. 	Review and summarize published information on dairy goat production
 

systems emphasizing those reports appropriate to himid/sub-humid
 

tropical regions.
 

IV. 	Project Approach (First Year)
 

A. 	Foreign Site Research
 

1. The Sheep and Goat Development Project (SCDP) station at Mutuga,
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near Mombasa, Coast Province has been identified as an appropriate
 

site to initiate research on goat production systems. In collaboration
 

with scientists from SGDP and SR-CRSP, experiments will be designed
 

to develop feeding standards; evaluate locally available feeding
 

resources; evaluate herd health breeding and management programs.
 

2. 	The current importance of goats, especially milk goats, in local
 

small farm systems is not well known; however, potential for their
 

utilization appears good on the small farms in the Coast; Nyanza
 

and Western Provinces and in the dryland farming areas of the eastern
 

Central Highlands. Comprehensive surveys of production systems in
 

the high potential regions will be initiated to describe systems,
 

identify constraints and establish baseline data for future comparisons.
 

Surveys will be made by teams of enumerators (principally Kenyans).
 

Design of survey instruments and supervision of the data gathering
 

will be coordinated with scientists from SGDP and SR-CRSP. Surveys
 

should start by May, 1980.
 

3. 	Procedures will be developed for longer term monitoring of typical
 

small farm production systems operated by small farmers willing to
 

cooperate in the program. Procedures will include individual identi­

fication of animals; periodic assessment of production traits (growth,
 

milk yield, fertility and health); recording of seasonal fluctuations
 

in quantity and source of nutrients, labor requirements and other
 

inpats; products utilization and competition from other crop and
 

livestock activities.
 

4. 	Results releveant to small ruminant production systems from previous
 

experiments and surveys by SGDP and other working in Kenya will be
 

reviewed. If requested, assistance will be provided in the analysis
 

of 	data, appropriate to the objectives of the SR-CRSP project.
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B. 	U.S. Based Research
 

1. 	Animal and facilities at the 150-doe, Grade A Petit Jean Goat Dairy
 

will be utilized to evaluate management requirements and develop
 

feeding standards. An experiment will begin in February, 1980 to
 

compare four feeding regimes for preweaned kids: whole goat milk and
 

milk replacer dispensed from nursettes, multiple kids suckling foster
 

does, kids suckling does after machine milking.
 

2. Production data (growth, lactation, fertility and health) will be
 

collected and analyzed to evaluate genetic and environmental sources
 

of variation.
 

3. 	A comprehensive review and summarization of literature on dairy
 

goat production will be done to establish the current state of the
 

art. Other institutions and investigators throughout the world will
 

be contacted to identify their current research objectives, procedures
 

and accomplishment.
 

V. Indicators and Outputs (First Year):
 

A. 	Foreign Based Research
 

1. 	Experimental design for research to evaluate feeding standards and
 

other aspects of research or management systems appropriate to
 

Mutuga station.
 

2. 	Survey instruments and team of enumerators for evaluation of
 

production systems currently functioning in the Coast Province.
 

3. 	Detailed plan of work for second and subsequent years activities in
 

Kenya, including identification of Kenya counterparts, cooperating
 

small farmers for long term monitoring activities.
 

B. 	U.S. Based Research
 

1. 	Progress reports.
 

a. Preliminary results from kid rearing management experiment.
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b. Summary of growth, lactation, fertility and health traits
 

(means, standard deviations and other statistics).
 

2. 	Computerized program for recording performance data.
 

3. 	Annotated bibliography of dairy goat research literature.
 

4. 	Directory of institutions and individuals involved in dairy goat
 

research, including summary of current research activities.
 

VI. Assumptions (First Year):
 

A. Final agreement among collaborating institutions (SR-CRSP, GOK, UNDP/FAO)
 

on terms of program for Kenya is reached by February, 1980; that these
 

terms are sufficient to the requirements of the projected research or
 

can be appropriately modified to be sufficient; and that terms of
 

agreement are not cancelled or unfavorably altered by actions of the
 

collaborating institutions.
 

B. 	Logistical support arrangements for project establishment and operation
 

in Kenya (site coordination, housing, transportation, fund transfers, etc)
 

are completed by February, 1980.
 

C. 	Financial support availabl.' for research activities in Kenya and U.S.
 

is adequate or additional support is obtained from SR-CRSP or other sources.
 

D. 
Dual purpose goats are suitable for integration with smallholder cropping
 

systems in humid/sub-humid tropics or that the constraints which limit their
 

availability may be resolve through proposed research.
 

VII. Inputs (See Budget Section)
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SMALL RUMINANT COLLABORATIVE RESEARCH SUPPORT PROGRAM (SR-CRSP)
 

TITLE XII
 

Face Sheet
 

Project Title: 	 Economic Analysis of Small Ruminant Production and Marketing
 
Systems in Kenya
 

Status: New Project
 

Sub-Grantee: 	 Winrock International Livestock Research and Training Center
 
Morrilton, Arkansas 72110
 

Principal Investigator: A John De Boer
 

Duration: Two year minimum with planned extension of five years.
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II. 	 Scientific Program in Kenya
 

The long-term program in Kenya will concentrate its efforts on three major
 

areas of research. The first efforts will describe small ruminant production as
 

part of general farming systems through multi-disciplinary surveys supplemented
 

by the Kenyan Government's Integrated Rural Survey Unit. The second area of
 

research will focus on production economics, farm management and consumption/
 

marketing/price behavior to provide a broad range of economic information to the
 

Government of Kenya and the Small Ruminant CRSP. The third area will establish
 

specific interdisciplinary studies in close collaboration with the other Small
 

Ruminant research teams. A project in animal health economics is already planned
 

for mid-1980. As the full program of scientific activity develops, economic
 

analysis will be fully integrated into the biologically oriented projects, includ­

ing forage production, animal health, animal breeding, and animal nutrition.
 

Training of Kenyan staff will be an integral part of the Economics program and the
 

project offers excellent potential for field training of Kenyan staff as well as
 

economicts from other African countries with small ruminant research and development
 

programs.
 

At this stage the chief collaborating institutions have been identified as tire
 

UNDP/FAO Sheep and Goat Development Project, the International Livestock Centre for
 

Africa, the University of Nairobi, and the Kenyan Ministries of Agriculture and
 

Animal Production. It is anticipated that experience gained from ILCA's monitoring
 

program in Kenya will be valuable to the Economics and Rural Sociology projects.
 

III. Cross Collaboration With Other Title XII Small Ruminant CRSP Principal
 

Investigators
 

1. 	Description of small ruminant production and marketing systems - Winrock
 

dairy goat project, Rural Sociology (Missouri), Systems Analysis (Texas
 

A&M), Animrl Health (Wash. St. U.).
 

2. 	Marketing studies and assessment of market potential - Rural Sociology
 

(Missouri), Winrock dairy goat project.
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3. 	Description, categorization, and quantification of production constraints,
 

including social and cultural factors - Rural Sociology (Missouri),
 

Animal Health (Wash. St. U.), Forage Production (Ohio State), Animal
 

Productivity (Winrock Dairy goats), and Systems Analysis (Texas A&M).
 

IV. 	 Regional Applicability of the Research Beyond Kenya
 

Direct application for medium to high potential areas of Africa where crop­

livestock production exists or is technically feasible. Cultural factors need
 

careful assessment, however, even where technical feasibility looks promising.
 

V. 	 Project Description
 

A. 	 The Problem
 

In Kenya, animal production is a diverse enterprise and small ruminants are
 

no exception. Most research efforts have been devoted to beef cattle and, more
 

recently, to dairying. What little small ruminant research that has been carried
 

out has been directed towards the semi-arid rangelands and high altitude sheep
 

production. The goat is now receiving recognition as an animal with potential to
 

enhance human diets and family income on small farms with limited resources. The
 

economic research program will concentrate on the above objectives for small
 

farm systems in Kenya in an effort to improve the overall nutritional status and
 

income position of small Kenyan farms in the areas of higher agricultural potential.
 

B. 	 Project Objectives
 

1. 	Describe existing small ruminant production systems in physical, cultural,
 

sociological and economic aspects using multidisciplinary research teams.
 

2. 	Using information from (1) above, make a detailed analysis of the constraints
 

influencing small ruminant production on small farms, including constraints
 

to introducing small ruminant enterprises or to expanding existing small
 

ruminant enterprises.
 

3. 	Define constraints influencing the consumption, marketing, processing and
 

distribution of small ruminant products and initiate research efforts to
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overcome these problems.
 

4. 	Identify the long-term prospects of the various small ruminant products ­

meat, milk, and hides - and define optimal product mix patterns for target
 

farmer groups.
 

C. 	 Research Approach
 

Description of production systems will require data collected from both
 

primary and secondary sources. Broad-based field surveys will be used. Preliminary
 

modelling of the small farm crop-livestock complex may also begin, based on this
 

survey data. Work on consumption and demand analysis will probably have to be
 

based exclusively on survey work at the farm, marketing agent, and central market
 

levels given the lack of adequate secondary data on small ruminant products. Some
 

information on marketing and production practices of small ruminant producers is
 

currently being obtained by the Integrated Rural Survey Unit of the Government of
 

Kenya and the research program will utilize their existing system of data collection
 

to the fullest extent.
 

D. 	 Indicators That Objectives Have Been Achieved
 

1. 	A description of existing product systems that can help identify major
 

researchable problems for CRSP projects and identify regions where
 

project implementation would have the greatest benefits.
 

2. 	Completed development of a physical/financial model based on farm survey
 

data and the collection of experimental data appropriate for running
 

in the model.
 

3. 	Establishment of an interdisciplinary research program in sheep and goat
 

production which incorporates economic analysis as a vital component of
 

research planning, design and analysis.
 

E. 	 Assumptions That Objectives Can Be Met
 

1. 	Suitable researcher can be identified in Kenya and the U.S. to initiate
 

the economic research project in Kenya and maintain program continuity in
 

51
 



the 	core areas of production economics and marketing.
 

2. 	Host government and collaborating institutions will allow researchers
 

reasonable access to small ruminant producers and assist in getting
 

producers cooperation.
 

3. 	The collaborating institution and other Small Ruminant CRSP projects
 

will cooperate fully on field survey work to allow all necessary physical
 

and socioeconomic information to be gathered.
 

4. 	Adequate availability of an access to counterpart staff to assist with
 

the economic research program, to interact with other research programs,
 

and help design and test improved production technologies at the farm
 

level.
 

F. 	 Assumptions That Meeting The Objectives Will Solve The Problem
 

1. 	The Government of Kenya will support the research and implementation
 

of research results.
 

2. 	That implementation of improved systems of production and marketing
 

practices does not prove impossible from a social, legal, administrative
 

or political standpoint.
 

3. 	The research capability developed by counterpart staff and other Kenyan
 

collaborating institutions will be recognized and utilized for practical
 

problem solving and the development of investment programs to raise income
 

generated by small ruminants in Kenya.
 

G. 	 The Outputs
 

1. 	Development or modification of existing field survey instruments.
 

2. 	Publications covering the areas of work described in I above.
 

3. 	A functioning farm management and product marketing data collection system.
 

4. 	Trained Kenyan staff who can continue to service small ruminant research
 

and small ruminant producers in Kenya.
 

VI. Technical Feasibility
 

The production and marketing studies planned for Kenya make use of known
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research techniques used with small farmers in developing countries. Counterpart
 

staff must assist in gaining local farmer acceptance and cooperation. Collaboration
 

among participating Kenyan institutions will be required to carry out the full list
 

of planned research activities. The strong support promised by the Government of
 

Kenya, the UNDP/FAO Sheep and Goat Development Project and ILCA gives a good indica­

tion that inter-institutional cooperation will be excellent.
 

VII. Inputs (See Budget Section) 

VIII. Implementation 

Dr. Fitzhugh is scheduled to spend several months in Kenya in early 1980 to 

prepare the groundwork for the project. Following his visit, it is anticipated
 

that a graduate research assistant in economics would be able to begin a 14-16
 

month period in residence to carry out fieldwork related to several of the project
 

objectives stated earlier. The Principal Investigator, John De Boer, would spend
 

several weeks in residence at that time to initiate the research project. A student
 

is slated for a 6 month project in animal health economics during 1980-1981. In
 

addition, De Boer anticipates spending June-August, 1981 in Kenya.
 

IX. Annual Review and Planning
 

A 5-year program plan is being prepared. Progress reports will be prepared
 

each year and recommendations made regarding research objectives, staffing and
 

budgetary support. Close liaison will be maintained with ILCA, UNDP/FAO SGDP,
 

Ministry of Agriculture and the Planning Unit within the Ministry of Agriculture.
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SMALL RUMINANT COLLABORATIVE RESEARCH SUPPORT PROGRAM (SR-CRSP)
 

TITLE XII
 

Face Sheet
 

Project Title: 	 Sociological Analysis of Small Ruminant Production Systems
 
in Kenya
 

Status: New Project
 

Sub-Grantee: 	 University of Missouri
 
Columbia, Missouri 65211
 

Principal Investigators: Michael F. Nolan
 

Duration: Two year minimum with planned extension of five years.
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II. 	 Scientific Program in Kenya
 

The sociology program in Kenya has the general objectives of (1) describing
 

goat and sheep production systems in the intensive farming areas of Western, Nyanza
 

and Coastal Provinces of Kenya; (2) conduct field studies related to the key socio­

cultural constraints to increased small ruminant (SR) production in Kenya and
 

(3) performing evaluation studies of production interventions.
 

The program's initial thrusts are oriented toward the descriptive objective
 

above which should establish a framework for initiating subsequent studies under
 

objective II. The establishment of priorities for later projects will be joint
 

responsibility of the U.S. project staff and Kenyan counterparts.
 

III. 	Cross-Collaboration With Other SR-CRSP Projects
 

A. 	 System Description:
 

Field observation will include data relevant to nutrition, feeding and forages
 

(Ohio State University, OSU); animal health (Washington State University, WSU);
 

genetics (University of California at Davis, UCD); economics (Winrock International
 

Livestock Research and Training Center, WI); production systems (Winrock International
 

Livestock Research, WI) and systems analysis (TAMU).
 

B. 	 Close :ollabloration is expected with the economics and the production systems
 

project in the areas of livestock production, marketing, consumption, farm decision
 

making and similar variables which overlap. Joint field work is likely in many
 

instances.
 

IV. 	 Regional Applicability Beyond Kenya
 

Although there are local differences, much of the socio-cultural studies done
 

in Kenya wuuld have some applicability to other areas of East Africa where crop
 

farming predominates and animals are a secondary activity. The usefulness to other
 

areas elsewhere in the world is uncertain.
 

Project Description
 

The Problem
 

There is a well established axiom in agricultural development that changes in
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agricultural production systems have wide ranging impacts on the societites as 
a
 

whole. The history of the Green Revolution suggests that the burden of change
 

falls disproportionately on small producers, ofi en to the extent of making it
 

impossible for them to stay on the land. Simply put technological solutions to
 

production problems have often worsened rather than improved the lot of the small
 

farmer. The overriding objective of this project is to try to prevent that
 

situation from occurring in Kenya.
 

In Kenya most small ruminants production is carried out by small producers on
 

private land holdings. In order for production interventions to succeed, the
 

differences and interrelationships between the components of the production system
 

will have to be taken into account. The current system combines elements of
 

"zero grazing" along with limited grazing. Animals are apparently both consumed by
 

the producing unit and sold for cash. In addition, there is a great potential
 

for incorporating dairy animals into areas which now have substantial protein
 

deficiencies. In western Kenya, in particular, effort will be given to evaluating
 

the incorporation of SR into a system in which they do not now play a major role.
 

Throughout, two broad questions will guide our activities: (1) who will benefit
 

from proposed production intervention?; and (2) what are the likely problems one can
 

anticipate in trying to implement the intervention?
 

Objectives
 

I. 	Obtain an accurate description of the current system of small ruminant
 

production in the Western, Nyanza and Coastal districts of Kenya.
 

II. Determine the key constraints to increased productivity both from the
 

perspective of the small farmers and from a structural socio-economic
 

perspective. 
 In addition, examine the potential for increased consumption
 

of SR products - particularly milk.
 

III. 	 ILnitiate a number of intensive field projects designed to provide in
 

depth understanding of the precise nature of the key social constraints
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to production. Early studies will focus on decision making; role of
 

various family members (especially women and children) in SR production;
 

assessing the social consequences of incorporating SR into a predominatly
 

crop based agriculture; and, documenting the role that cooperative groups
 

can play in the production of SR. The selection of later topic areas
 

will be made following the completion of Objectives I & II and in collabo­

ration with our Kenyan counterparts.
 

IV. 	 Develop, or participate in the development of alternative strategies for
 

increasing productivity in accord with the local socio-cultural patterns.
 

This will probably not occur until after year three, at the earliest.
 

V. 	Through graduate training, enhance the ability of Kenyan institutions to
 

perform social assessments of new agricultural technologies.
 

Project Approach
 

During the life of the project in Kenya we propose to utilize a variety of
 

approaches to accomplish our stated objectives. Initially we intend to send a
 

rural sociologist to Kenya for six months to provide us with a description of the
 

current system of production in West Kenya with particular emphasis on the areas
 

which have started women's goat cooperatives. The individual charged with this
 

task will prepare a report for distribution to all involved in the Kenya project.
 

We will also participate in the baseline production systems survey currently
 

planned for Kenya.
 

Prior to and during the time this work is being done, we will be conducting
 

an extensive review of the literature relevant to a project on SR production.
 

The results of this literature review, along with the descriptive account of the
 

current production system will form the basis for setting priorities for future
 

research activities.
 

Data collection methods will include both in-depth field observations and
 

survey techniques. The choice will depend on the nature of the problem to be
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studied and the type of data desired. It is our intention that the two methods will
 

interface with each other in the sense that the observational reports may guide
 

the development of survey instruments and surveys may suggest areas for future
 

field observations.
 

Throughout our intent will be to work closely with Kenyan social scientists.
 

It is our intention to actively involve them in the project but as they are already
 

heavily committed to other responsibilities, it will take some time to develop
 

these relationships. Nevertheless, we are hopeful that ways can be found to obtain
 

their input as soon as possible.
 

In addition to working closely with Kenyan social scientists we anticipate
 

continuing to build on the close relationship we enjoy with other projects which
 

anticipate working in Kenya. We expect to collaborate closely with the economics
 

project on our intersts and their cverlap in several areas. In the production
 

area we will work closely with the production systems project, and reinforce close
 

lines of communication with the health and breeding projects. Throughout we will
 

try to accommodate theri requests for information.
 

Indicators and Outputs
 

For 	the first year of effort in Kenya we expect the following outputs:
 

1. 	Establish a project reference center composed of published and unpublished
 

reports related to the role of socio-cultural factors in livestock
 

production.
 

2. 	Initiate a study of the current system of SR production in Kenya. This
 

will include both quantitative and qualitative components of the current
 

production situation. The report of this study should be available in
 

the summer of 1981.
 

3. 	Begin the development of studies on risk taking/decision making.
 

4. 	Establish firm counterpart relations with Kenyan social scientists by
 

involving them in project planning activities and identifying candidates
 

for graduate training.
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Assumptions For This Time Table
 

1. 	That a site coordinator is hired and working by April 1, 1980.
 

2. 	That sufficient logistical support (e.g., Vehicles) is available to
 

al'ow field work to begin by June 1, 1980.
 

3. 	That no difficulties are encountered at any level in establishing
 

scientist to scientist contacts.
 

4. 	That the current political system in Kenya don't change to the point that
 

work becomes impossible.
 

5. 	That sociological research activities are not restructed through official
 

action.
 

Assumptions That Achieving The Objectives Will Solve The Problem
 

This project is unique in that it is a non-production component of what is
 

at the core of production oriented research programs. As such, the achievement of
 

its objectives will in no way guarantee the success of the total program. 
At the
 

same time, failure to meet the objectives may well doom the entire program.
 

One of our principal goals is to determine the appropriateness of production
 

intervention to the socio-cultural situation and institutional arrangement in
 

Kenyan society. It is assumed this kind of analysis will provide guidance in the
 

selection of a strategy from among the alternatives available.
 

While the goal of SR-CRSP is to increase SR production and productivity, it
 

is only to be done if large numbers of small producers can benefit. Thus, the
 

beneficiaries of the SR-CRSP are people. It goes without saying that increased SR
 

production will ultimately effect people. 
Whether that effect in Kenya is positive,
 

rather than negligible or negative, will hinge largely on the abilities of the
 

"people sciences" (sociology and economics) to meet their stated objectives.
 

Technical Feasibility
 

This project makes use of established observational and survey techniques. Field
 

enumerators will be hired on a short term basis from communities and/or institutions
 

near the study site.
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Inputs (See Budget Section)
 

Personnel
 

University of Missouri
 

Michael F. Nolan, Principal Investigator
 

Rex R. Campbell, Co-PI
 

Graduate Research Assistant
 

Research Assistant
 

Collaborating Kenyan scientists
 

The project will work closely with the sheep and goat development project
 

of the Animal Production Division of the Ministry of Livestock Development.
 

We are also in the process of discussions with faculty in the Department of
 

Sociology at the University of Nairobi regarding their interest in collaborating
 

on research projects at some future date. We anticipate their early cooperation
 

in helping us identify students with an interest in and capability for graduate
 

training der the auspi-ed of the project.
 

Implementation
 

The Principal investigator has visited Kenya twice. Another member of the
 

project staff will return in the Spring of 1980 to continue discussions of future
 

studies with the collaborating scientists mentioned earlier and to work with the
 

other CRSP projects in the design of the production systems survey. By July 1,
 

1980 we expect to place a social scientist in the field to begin to collect descrip­

tive data for one aspect of the study. This will take approximately six months to
 

complete.
 

Annual Review and Planning
 

The first planning session with Kenyan collaborators was held in February, 1980.
 

It is our intentions to involve the key U.S. staff in meetings with the Kenyans
 

who will participate in the project so that the next period of work can be planned
 

with as broad a base of input as possible.
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Proposal Abstract
 

Systems Analysis And Synthesis Of Small Ruminant Production
 

Generalized, comprehensive, biologically based, mathematicil models for
 

simulating sheep production provide a systematic method for bringing knowledge
 

relating to isolated production components together for the entire production
 

system. These models, and simulations from them, organize available knowledge,
 

identify knowledge voids, and provide a basis for determining critical research
 

needs and for establishing priorities for technical assistance and development.
 

Also, model simulations provide a method for examining or predicting the effect
 

of 	new practices and determining optimal combinations and sequences of implemen­

ting practices and especially to avoid implementing practices which would be
 

counter productive in production systems of a particular area.
 

The broad objective is to increase productivity of small ruminant production
 

systems in Kenya and other LDC's in order to improve the standard of living and
 

increase nutrition in these countries. This objective will be addressed by
 

providing a method for increasing the effectiveness of research by establishing
 

research priorities and by providing a method of effectively evaluating application
 

of research results and other recommended practices in Kenya as well as the U.S.
 

The specific objectives are:
 

1. 	To develop a dynamic, comprehensive, mathematical model, based on
 

biological functions, for sheep production systems.
 

2. 	To characterize production systems in Nyanza and Western providences and
 

other appropriate ecozones of Kenya; to validate the model and input
 

parameters; and to use these validated simulations as baseline simulations.
 

3. 	To examine, through modeling and simulations, research needs and priorities
 

required to develop technologies and procedures which more effectively
 

accomplish specific objective functions of the CRSP in Kenya.
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4. 	To supply input-output data of dairy and dual-purpose goat production
 

systems for use in economic analysis and sociological assessment.
 

5. 	To evaluate, through simulations, the response of dairy and dual-purpose
 

goat production systems to alterations or interventions requested or agreed
 

upon by the Kenya Ministry of Livestock Development.
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II. Project Description
 

A. Description Of Problem
 

Generalized, coj:_ ehensive, biologically based, mathematical models for
 

simulating sheep production provide a systematic method for bringing knowledge
 

relating to isolated production components together for the entire producing unit
 

in an equilibrium or dynamic state (Joandet and Cartwright, 1975). These models
 

organize available information, identify knowledge voids, and provide a basis
 

for determining critical research needs and for establishing priorities for
 

technical assistance and development (Cartwritht, 1978; Spedding, 1978).
 

Since the possible number of combinations for production practices is greater
 

than can be studied experimentally, simulations provide a method for examining the
 

effect of new practices and determining optimal combinations and sequences of
 

implementing practices (ILCA, 1978). With complex input-output animal interactions,
 

it is important to examine the effects of an intervention throughout the entire
 

production system in order to avoid unanticipated effects which could be counterpro­

ductive on final biological or economic efficiency (Cartwright, 1970)
 

Factors having major effects on small ruminant producing systems in Kenya
 

include disease and parasite stresses interacting with nutrition and breeding
 

which further interact with management,marketing and other socio-economic effects.
 

Techniques developed in operations research are designed to systematically organize
 

and describe the dynamics of such complex systems through mathematical models
 

(Van Dyne, 1978). These models may be constructed at various levels of refinement
 

and generality (Joandet and Cartwright, 1975). The models, which will be developed
 

as a component of this project, will be based on biological functions, applicable
 

to each species in general, so that sets of input coefficients peculiar to a geo­

graphical area, breed or type of goat, management procedure or feed resource can
 

be conveniently applied to the general model. Thus, these models are adaptable
 

for simulating production systems in Kenya as well as the U.S.
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Model applications of specific interest include the evaluation of production
 

systems that incorporate dairy and dual-purpose goats into agronomic production
 

units in the West of Kenya. This evaluation will include the assessment of
 

alternative management practices, feed resources and supplementation programs, and
 

available breedtypes. As appropriate, production systems will be evaluated with
 

primary emphasis on the integration of secondary livestock enterprises into small­

holder agronomic production units.
 

B. 	 Objectives Of Project
 

The broad objective is tc increase productivity of small ruminant production
 

systems in Kenya and other LDC's in order to improve the standard of living and
 

increase nutrition in these countries. This objective will be addressed by providing
 

a method for increasing the effectiveness of research by establishing research
 

priorities and by providing a method of effectively evaluating application of
 

research results and other recommended practices in Kenya as well as the U.S.
 

The specific objectives are:
 

1. 	To develop a dynamic, comprehensive, mathematical model, based on
 

biological functions, for sheep production systems with the individual
 

animal as the modeling unit; and to develop a similar model for goat
 

production systems.
 

2. 	To characterize production systems in the Nyanza and Western provinces and
 

other appropriate ecozones of Kenya; to validate the models and input
 

parameters using these data and information; and to use the validated
 

simulations as the baseline simulations.
 

3. 	To examine, through modeling and simulations, research needs and
 

priorities required to develop technologies and procedures, which
 

more effectively accomplish specific objective functions of the CRSP
 

in Kenya.
 

4. 	To supply simulated input-output data of dairy and dual-purpose goat
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production systems for use in economic analysis and sociological assessment.
 

5. 	To evaluate, through simulations, the response of dairy and dual-purpose
 

goat production sytems to alterations or interventions requested or agreed
 

upon by the Kenya Ministry of Livestock Development.
 

C. 	 Project Approach
 

Building the required models will be an active process involving interaction
 

with all collaborating projects for gaining input information and for feedback
 

to them concerning information which is needed but is lacking or poorly understood
 

and which the other CRSP projects can direct their efforts toward determining.
 

That is, to aid in direction of research and setting priorities. The feedback process
 

will begin early during the first year; the goat model is expected to be ready for
 

preliminary runs during the second year.
 

Objective Bl
 

The models will be developed similar to the TAMU Cattle Production Systems
 

Model (Sanders and Cartwright, 1979a,b).
 

1. 	The first step in the development of a sheep production systems model
 

is to search out and evaluate available data and research results relevant
 

to model construction, including consultation with experienced specialists.
 

The uniqueness and utility of the cattle model results from its conceptual
 

structure: the driving variables are quantity and quality of nutrient
 

resources; biological responses are conditioned by animal genotype,
 

management practices and other environmental variables; this simulation
 

model closely emulates real world processes.
 

2. 	The information is then described by appropriate mathematical functions,
 

fit into the model structure using difference equations and programmed
 

for computer processing (Van Dyne, 1978). The mathematical functions are
 

based on biological processes and are not simply curves fitted to a set
 

of input-output data as is the case with normative models (Cartwright, 1978).
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3. A similar model of goat production will be initiated follwoing develop­

ment of the sheep model. The goat model is expected to follow comparable
 

stages of the sheep model at about a one-year interval.
 

4. 	Even though the proposed form of the model has proven useful with beef
 

cattle, major additional components are needed. One is an interacting,
 

dynamic forage component; a second is a quantitative interacting disease­

parasite component. Inputs from these areas are essential from the out­

set even though they will not initially be modeled as interacting com­

ponents; that is, there will be no feedback of animal performance to
 

forage or to disease-parasite components. This extension of the models
 

would be anticipated to begin about the fourth year when more information
 

has become available and wide experience obtained throughout the CRSP.
 

Objective B2
 

1. 	The available feed resources and breedtypes of goats will be characterized
 

through the use of data collected through the efforts of other CRSP projects.
 

Because there is little current dairy goat productio. in Kenya, the data
 

collected at the anticipated dairy goat research station in the West of
 

Kenya will be the primary source of information necessary to characterize
 

these production systems and to refine and validate the goat model.
 

2. 	After the working model is completed, it will be subjected to validation
 

tests which will consist of simulation of the production systems intro­

duced at the dairy goat research station and, perhaps, the women's
 

cooperative near Busia. Sequences of simulation, validation, model
 

modification and new simulation are necessary. This recurrent process
 

is tedious and time consuming but absolutely essential. These validation
 

runs also serve as baseline documentation against which recommended changes
 

are to be compared. The goat model is expected to be validated during
 

the third year and production simulations initiated. Simulations would
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continue during successive years.
 

3. 	Once the sheep and goat models have been validated and refined, tlI will
 

be available for examining production systems in other ecozones of Kenya.
 

In each case, information about feed resources, genetic potential of
 

available breedtypes and productivity of existing (traditional) systems
 

will be required. This information may come from CRSP projects and/or
 

other projects in Kenya.
 

Objective B3
 

1. 	The process of gathering, organizing and collating existing information
 

and modeling production systems will identify knowledge voids of defi­

ciencies. The model can also 'le used to examine the importance of
 

these parameters by varying them through a logical range and determining
 

if 	these changes have important effects on the predicted outcome of a
 

production system. This type of sensitivity analyses will help establish
 

research priorities. Thus, by identifying knowledge voids or deficiencies
 

and 	their importance, the systems analysis project will assist the colla­

borating projects in coordinating their reseprc;h :!ctivities (Byerly, 1977).
 

This coordinating process and the function of bringing information from
 

other CRSP project together to fit into the total production system will
 

be 	continued throughout the project tenure.
 

Objective B4
 

1. 	This objective, which is closely collaborative with the economic and
 

sociology projects, will be to simulate dairy and dual-purpose goat
 

production systems for the West of Kenya utilizing the baseline (vali­

dation) simulations to compare against simulations with some changes
 

imposed. The changes imposed will consist of practices recommended
 

from collaborating projects, practices suggested by detailed examination
 

of the simulation outputs to determine at what point production efficiency
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suffers the greatest, practices suggested by Xenyan livestock researchers,
 

and other types of changes. The changes examined would include such
 

practices as supplemental feeding, disease control, marketing at younger
 

ages, breeding seasons of different lengths at different times of the
 

year, introduction of exotic breeds and crossing.
 

2. 	These simulations would include effects on the total production systems
 

and the input-output data would provide the base data required for
 

economic analysis and for analysis for sociological feasibility and
 

impact. These analyses will begin during the third year, intensify during
 

the fourth, and continue thorughout the project.
 

Objective B5
 

1. 	This objective will emphasize .%orking cooperatively with Kenya clunter­

parts to examine bottle necks and constraints to present production
 

systems and to formulate logical interventions and eventually synthesize
 

technologies and/c- nroduction systems for settings in various Kenyan
 

locations. Simulations will be designed to examine the effect of
 

various interventions such as altered management practices, drought,
 

qua-rantines or new government policies on specific production systems
 

ani 	will begin after the models ure completed and validated. The
 

close consultation of Ministry of Livestock Development officials,
 

planning officers, livestock officers and Kenyan iersonnel will be
 

essential. Input data peculiar to each location md management system
 

are 	required; these data relate to forage qualities through time growth
 

and 	lactation parameters, and management policies. Existing conditions
 

will be simulated for validation, to instill confidence, and to serve
 

as baseline. Biological efficiency will be evaluated through examination
 

of effects on each production component across time. In this manner
 

the constraints to efficiency can be more readily detected and analyzed,
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and prescriptive measures developed (Cartwright et al., 1977; Davis et al.,
 

1976). These simulations will begin after validation during the third
 

year.
 

D. 	The Indicators
 

The major conditions, in sequence, that will indicate objectives have been
 

achieved 	are:
 

Development of sheep and goat models which are comprehensive, general,
 

biologically based, dynamic and programmed for computer use.
 

2. 	Validation of these models against data collected at the dairy goat
 

research station and other Kenyan locations; those data may be collected
 

by other CRSP projects and/or other projects in Kenya.
 

3. 	Synthesis of sheep and goat production systems which meet objective
 

functions specified by the Ministry of Livestock Development officials,
 

planning officers and livestock officers in consultation with other
 

CRSP project leaders.
 

A number of additional, less critical or less objective criteria, include
 

development of feedback information -nd research priorities to help coordinate
 

collaborative projects; interfacing economic and production systems models;
 

and extending the production systems model to include feedback interactions with
 

forage and veterinary components. The latter two objectives are long term,
 

depend on development of information from ;ollaborative projects and are not
 

expected to be completed during the five year period.
 

E. 	Assumptions That Objective Can Be Met
 

The major assumption is that sufficient knowledge exists in the world, and
 

is available to the project, to permit construction of quantitative models of
 

sheep and goat production systems. Another assumption is that the available
 

knowledge can be incorporated into adequate models and that these models will
 

closely predict the outcome of production systems alternatives. A large­
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ruminant model has been developed (Sanders and Cartwright, 1979a,b) and success­

fully applied in LDCs (Cartwright et al., 1977; Davis et al., 1976; ILCA, 1978).
 

This 	success suggests that similar small-ruminant models can be developed;
 

however, research data for small ruminants are not as extensive and sensitivity,
 

especially in earlier versions, may be reduced. Data for consumption of browse
 

and 	for high milk yield by goats are probably the areas of least knowledge.
 

F. 	Assumptions That Achieving Objectives Will Solve Problem
 

The modeling objective can be attained and will be available for use in Kenya
 

and the U.S. regardless of the participation or capabilities of Kenya. However,
 

application to specific locations by synthesizing systems and conducting economic
 

analysis depends on 
the 	cooperation of key Kenya personnel. Requirements of
 

expertise level and personnel commitment from Kenya and mininal. Data will be
 

collected by project personnel if not already available. No physical requirements
 

are essential although transportation and guides to remote areas would be helpful;
 

it is assumed that transportation can be obtained by hire through project funds if
 

necessary. Personnel from the Sheep and Goat Development Project have devoted
 

their time to explain their perception of constraints and of their plans for
 

development. Their continued cooperation is anticipated and will be essential;
 

their willingness to utilize simulation results as appropriate to improve their
 

decision and policy making process is also anticipated.
 

G. 	Outputs Of Project
 

Scientific agricultural knowledge has been said to be exportable from the
 

U.S. to Kenya and other LDCs, but effective application of such knowledge to live­

stock production (that is, the development of viable technclogies) have been
 

minimal and at times counterproductive. A principal, general objective of this
 

project is to make use of available research knowledge, optimally integrated
 

into production systems where physical, financial and sociological constraints
 

may be formidable. After model development, there will be two principal
 

applications or outputs:
 

71
 



1. 	To simulate production systems incorporating anticipated research results
 

for the cost/benefit analyses and other uses in guiding research priorities.
 

2. 	To simulate production systems for specific areas in order to predict the
 

effects of implementation of new practices on various components of the
 

system, or to determine optimal order and timing for establishing a
 

series of proven practices.
 

The objective function, or goal, or small-ruminant production systems may
 

vary among locations. Goals may be examined through model simulation in terms
 

of biological efficiency, economic efficiency, energy, protein and hide production,
 

export potential, financial returns to producer and other criteria. Thus, infor­

mation critical to decisions of producers and policy makers will be more readily
 

available.
 

The general models and the techniques and expertise developed will be
 

applicable and available for use in any LDC and the U.S.
 

III. Technical Feasibility
 

The technical feasibility of this project is divided into two phases:
 

(1) model development and validation and (2) simulation of Kenyan production
 

systems and synthesis and examination of new systems.
 

The first phase consists of organizing knowledge about small ruminant into
 

comprehensive, biologically based, dynamic, mathematical models and validating
 

the accuracy of the model against real life experience. The techniques of
 

modeling have been adapted to livestock production systems by the Texas A&M systems
 

analysis group and widely validated and used in LDCs (Cartwright et al., 1978;
 

Davis et al., 1976; ILCA, 1978; Ordonez, 1978). Therefore the techniques, methods,
 

and 	expertise are available.
 

Two basic models will be developed; one for sheep and one for goats will
 

include functions for accomodating parameters associated with fiber production
 

(or lack thereof) and milk production (or lack thereof for uses other than
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suckling young) by various breeds and types in various environmental settings.
 

All of the data and understandings required for model development are not
 

presently available. Some of this information which is lacking will be developed
 

by other projects of the Title XII Small Ruminants CRSP. Other information will
 

have to come from estimation by experienced ruminant nutritionists, physiologists,
 

and other scientists. Regardless of this incomplete nature of available infor­

mation, the models will be developed and are expected to represent the best
 

understanding of total small-ruminant producing systems possible at this time.
 

Validation of this model remains the only point of doubtful outcome. That
 

is, restructuring and refining the model may have to continue for two or three
 

years in order to obtain satisfactory correspondence between simulations of
 

production systems and outcome of the actual production systems. The probability
 

of attaining this first phase of the project at least in substantial amounts is
 

almost certain.
 

The second phase is that of simulating and synthesizing production systems
 

in Kenya, that is, examining present systems and new recommended practices or
 

methods. Sin-e this phase depends on data collection and/or data already collected
 

in Kenya and cooperation of Kenyan research collaborators and Ministry of Livestock
 

Development personnel, the probability of accomplishing these objectives is good
 

because of the expressed interest and support of these parties. However, minimal
 

cooperation would still yield useful studies or reports. The level of attainment
 

of this second phase depends on the interest and cooperation of the Ministry of
 

Livestock Development and planning and livestock officers and on inputs generated
 

by the other projects of the CRSP. Because of the interest and the expected good
 

data base from t.q dairy goat research station and other locations, the outputs
 

of this project should help form the basis for development of policies and programs
 

of the Ministry of Livestock Development.
 

IV. Inputs (See Budget Section)
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V. 	Personnel
 

1. 	Texas Agricultural Experiment Station
 

T.C. 	Cartwright, Professor
 

J.W. 	Bassett, Professor
 

G.M. 	Smith, Visiting Associate Professor
 

C.R. 	Long, Associate Professor
 

J.O. 	Sanders, Assistant Professor
 

T.C. 	Nelsen, Research Scientist
 

H.D. 	Blackburn, Research Associate
 

G.W. 	Hawariat, Graduate Assistant
 

G.L. 	Brenni, Graduate Assistant
 

2. 	Kenya Ministry of Livestock Development
 
Sheep and Goat Development Project
 

Z. Gathuka
 

3. 	FAO/UNDP Sheep and Goat Development Project
 

E. Allonby
 

4. 	University of Nairobi
 
College of Agriculture
 

A.B. 	Carles
 

VI. 	Implementa ion
 

The implementation of this project occurs in three phases:
 

1. 	Model developii,-nt, validation, and refinement.
 

2. 	Simulation of dairy and dual-purpose goat production systems for the
 

West 	of Kenya.
 

3. Applications of systems analysis to small ruminant production systems
 

for 	Kenyan locations.
 

The first phase will actually continL, throughout the project and require input
 

from other collaborating projects as well as data and information collected on the
 

projects in Kenya and in other LDCs.
 

The second phase is the application phase and depends heavily on data collected
 

at 
the 	dairy goat research station and the cooperation of the collaborating projects
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and the Kenyan counterparts. The simulations will be the basis for examining
 

alternative production practices and synthesizing production systems to most
 

effectively integrate dairy and dual-purpose goat production into small holder
 

agronomic enterprises.
 

The final phase will involve utilization of data from other projects in Kenya
 

as well as from the dairy goat research station. The interests and desires of
 

the Ministry of Livestock Development and livestock and planning officers will
 

determine the scope and direction of these efforts which could be initiated as soon
 

as the sheep and/or goat models were developed and appropriate input data identified.
 

VII. Annual Review And Planning Processes
 

This project is somewhat unique in that progress or status is clearly indicated
 

by stage of model development, degree of closeness of validation between actual
 

and simulated production, and of the production systems synthesized. Also, this
 

systems analysis project contributes to the coordination of the biotechnical aspects
 

of the other collaborating projects. An annual report will be written for review.
 

The annual report will be reviewed by the Head of the Animal Science Department,
 

the Committee of Professors of the Animal Science Department, the Office of the
 

Director of the Texas Agricultural Experiment Station, the Small Ruminant CRSP
 

Program Director, the P1's of the Small Ruminant CRSP, and the cooperating Kenyan
 

scientists.
 

A model of production systems is an organization of knowledge and provides a
 

logical basis for planning each step in systems analysis and synthesis. The
 

review feedback is the primary basis for planning.
 

Specific planning with respect to Kenya will be coordinated with the Program
 

Director of the CRSP, the Technical Committee of Pl's and the Ministry of Livestock
 

Development.
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MEMORANDUM 	 OF UNDERSTANDING
 

ON
 

THE ALMINISTRATIVE ARRANGEMFTS 

ZETWEEN 

THE REGENTS OF THE UNIVERSITY C" CALIFCUIJIA 

AND 

THE MINISTRY OF LIVESTOCK DE\'ILZPMENT, 

GOVERNMENT OF KENYA 

WITH Rr;GARD 	 "6 T':E OS'ABl.,'1.:NTAOF 

COLLABORATIVE RES.ARCH SP'X' i' IROCRAMMih 

ON SMALL RUMI't.'NTS 



MEMORANDUM OF UNDERSTANDING
 
ON THE ADMINISTRATIVE ARRANGEMENTS
 

BETWEEN TiiZ REGENrS OF THE UNIVERSITY OF CALIFOIRNIA
 
AND 

THZ MINISTRY OF LIVESTOCK DEVELOPMENT 
GOVERNr'{;NT OF KENYA 

WITH REGARD TO THE ESTABLISHMENT OF A 
SMALL RUMINANT COLLABORATIVE RESEARCH SUPPORT PROGRAMME 

Within the framework of Title XII, Internation,l Food And Agricultural
 

Development Act of 1975, the University of Califcrnia, Pavis (UCLD), acting
 

for and on behalf of the Regenr,: of California .and heing the competent
 

United States authority under the provisions o Gr'ant No. AID/DSAN/XII-G-0049,
 

and the Ministry of Livestock D,:velopment, Government of Kenya, (GOK), have
 

entEred into the following understanding:
 

I. DEFINITIONS - For purposes of this understandig, the following definition
 
r.hall apply:
 

A. "CRSP" means the Title XII Small Ruminznt CollaLorative Research
 
"'upport Programme established by joint action of the Agency for International 

WIvclopmenc (AID) and the Board for International Food and Agricultural
 

Development (11IFAD), and funded by a grant fror. AID to the Regents of the 

University oi California.
 

B. "Participatirg Instit.ation" means a university or other research
 
;nstitution which has been awarded an active subgrant by the Regents of the
 
U;niversity of Czlifornia under the authority arJ provisions of the referenced
 
AID grant to ccadiuct a component project of the. CRSP.
 

C. "Management Entity", or "mE", means tne University of Californi.1
 
=t Davis which ha; been designated by AID and BIFAD as the legal and respon, 4 hle
 

institution for c.onducting the fiscal affairs -ad prograrmne of the CRSP.
 

D. "Program Director" means the person, r-pointed by the University Of
 

California at Davis to serve as the chief execitive officer of the CRSP.
 

E. 	"Host Country"means Kenya, represent.,d by 1inistry of Livestock Development, 
GOK 

II. THE SMALL RUMINi.NT COLLABORATIVE RESEARCH SL'?PORT PROGRAM 

A. The major understanding shall be the intention to establish a 

CRSP the goals of which shall be to conduct a rescarch development and 

training programme in. support of small ruminant production by the mos, lim'ied
 

resource producers .-­,d small holders and thereby .,: 
1. expand tne body of knowledge and eXL. id its application to the
 

solution of specific problems;
 

2. expand ther level of competence of US-V.SP and Host Country scientists
 

L3 conduct research;
 
3. develop .nd test appropriate technolosjes to improve food, fiber
 

end hide production:;
 

4. improve siall ruminant food, fiber anC hide production capabilities
 

V%,sm;illholders in t.,e Host Country. 

To assist in program planning, the Parties w,.sh to set forth a brief 

vatct.nt of thei-. i,-cention to undertake collao. rtive worA as part of tl~e 

CRSP sponsored by th2 United States of America th-ough its Aency for Interna­

t'oial Development (iUD) pursuant to Title XII of ,ie International 

Development and Food Assistance Act of 1975. Title XII has as one of its 

r,.jor objectives dev,-oping programs to attack the problems of food production 

http:vatct.nt
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and food utilization in developing countrics by bringing together the resources 
and expertise of universities and other research institutice,, in the United 
States and developiiig countries. 

B. The currcnt Plan of Operation of the research program is described 
in Annex 1. The pla. wi~l be revised from time to time. 

C. The agreement shall cotimetice on the date of the si.'gning of this
 
Memorandum of Understanding -nd shall continue to remain in force for as
 
long as the atorementioned grant is provided to th- ME by AID.
 

TII. 	 THE UNITED STATES' CONj'RIBUTION
 
The HE shall extend to Ministry of Livestock Develop~ment, GOK,
 

manpower and resources in accordance with the mu':ually ngreed program
 
plan as described in Annex I and as revised and extended frum time to time.
 
The costs of resources and manpower will be met by CRSP fuids awarded to
 
the Participatinp Tnstitutitins for the component projects of the CRSP,
 
expended by or under the authocity of the Program Director.
 

A. Direct Costs: The United States' contribution shall include funds 
with which to pay the following direct costs incurred under this understanding: 

1. Salaries, Wages, benefits of CflSP 	 - scientific and 
administrative personnel in the Host Country; supplies and vxpen;cs; and
 
equipment necessary to conduct the work of the CRSP.
 

2. US travel of all US and Host Country persons for the work of the 
CRSP.
 

3. 1IE-approved inLternational travel by CRSP staff for the work
 
of the CRSP, anld of flost Country trainees and scientitic and administrative
 
staff working in the US for the CRSP.
 

4. Costs of training and traineeships. 
5. Other ME-approved direct costs, including a possible Program
 

Coordinator in |lost Country.
 
All requisitions Zor purchase of st pplies, equipr.:ent, travel of any kind an.O
 
other expenses m-ist be approved and signed by the Program Director at UCD
 
or his designee regardless of whether the cost i. incurred in the US or in
 
the Host Country.
 

B. Manpower: UCD shall make available throuth the 
Participating 	Institutions the following manpowe" resources to Ministry of
 

.
Livestock Developmei, , GOK. 
1. Scientists who shall be the 

principal investigatcrs and co-investigators from the institutions with which
 
the ME has sub-grant agreements under this CRSP.
 

2. Advanced personnel at the post-doctor:j or .9.-doctoral 
level for work in Xea-ya on the problems of small ruminants. 

3. Technicilrs with particular skills to solve spe,'fic -rob. ms as 
'he need arises.
 

C. TraininZ: The following kinds of traince:ii is for YKnyana studnts 
nay 	be made available': 

I.. Finanial support to study for acad!rni2 degrees. 

2. ! inanci-.. supurt for short-tern train, ug as deened necessary 
&or accomplishmnent (-f nropram objectives. 
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D. Administration: The chief executive officer of tht. ^IRSP shall be the
 

erogram Director appinted by the ME. The Program Director shall provide
 

to the pro,.am in 'he US and the Host Country.
direction 

iV. HOST COUNTRY CONTRIBUTION
 

Ministry of Livestock D)C'eiopnCnt, COK, being the cowneent authority in thp
 

Host Country shall rovidv:
 

A. Office and laboratory space and facilitier>, and land and agricultural
 

facilities for both Hst Cou-ntry scientists and CR.P scientists to do their
 

work.
 
B. All the direct costs associated with this work in 1host Country,
 

including: the costs nf electririty, water, seci etarial staff, local technicians,
 

cleaning and maintenance of facilities, procurement of livcqtock and their
 

husbandry.
 

V. DUTIES, TAXES, AND EXEMPTIONS
A. Exemption from Host Country duties, taxes, 
or like charges of all
 

materials solely for use of the CRSP whether purchased locally, in the US
 

or in other countries. These exemptions may be aceuired thcough the bilateral
 

-reement between che United States Government and the government of the Host Country.
 

B. Exemption for all US Staff from Host Country taxation and provision
 

to 	such staff the same conditions, privileges, nnd other exemptions as are
 
a the United States Government
applicable under the bilat.ral agreement betwc. 


and the gove;:-..en~t of the Host Co-n.-try. 

V1. PROGR/AM FUN)S 
A. As sta"r'd in ArL;.'Ie III hereof, direct expenditures in support 

of CRSP work in tin Host Country will be made by or under the authority 

.,)! the Prof-:.. Dector from feuids awarded in subrants to the Participating 
Institutions.
 

B. If mutuaJly deemed to be desirable by b- , E and Ministry of Livestcck 

Development, ,OK, CRSP funds may be provided 'linistry of Livestockto 


Development, ,OK, to be expended in support of CI S11 work by or on behalf of
 

one of more US Principal Investigators, or to be !xpended in support of work
 

conducted by Ministr) of Livestock Development, CIK, as part of the CRSP. Any
 

such funding shall be through a separate agreement between the ME and Ministry
 

of Livestock Development, COK, executed as a suhccitract under the AID
 

grant for the CRSP. Such a subcontract shall speLIfy the work to be r,,ndjc'-cd
 

and the terms and con.itions for the use of the t,'..is.
 

VI. INTERPRETATION AND MODIFICATION
 

This Memorandum nf Understanding in English cinstitutes the .ull
 

the Part;es hereto with respect to th. CRSP and supe.cedc-.
.&reement of 

any and all prior agr.ements or understandings of "he Parties regarding the
 

C1SP and no modification of this memorandum unl-ss in writing and signed by
 

authorized representitives of each of the Parties .Thall be valid.
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Approved for the RCgents ol the Approved for the Government of Kenya 
University of Californli 

By: By: 

G. E. Bradford, Pro ssor
 
College of Agricul*uLe and Environmental Ministry of Livestock Development
 

Sciences
 
University of California, Davis, Calif
 

Date: 

. Date: 2 1 N% czo 

By:By
 

Allen G. Marr
 
Dean, Graduate Studies and Research Ministry of Finance
 

University of California
 
275 Mrak Hall
 
Davis, California 95616
 

Date : Date:
 


