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Abstract This document contains 12 studies describing methods
 
used in the conduct of livestock oi-farm trials (LOFTs), primarily in
 
the Middle East/Africa regions. Also presented are five methodologi
cal summaties that reflect on main issues covered in the 12 studies
 
and discussed at the LOFT workshop: (a) definition of research prob
lems, (b) trial design for on-farm experimentation, (c) levels of
 
farmer participation, (d) criteria for evaluation, and (e) future
 
directions for LOFTs. The 40 authors and coauthors have worked in
 
multidisciplinary teams as social and biological scientists conduct
ing livestock research in direct cooperation with farmers. Animal
 
classes (sheep, goats, beef, and dairy) and modes of production
 
(farm, feedlot, and open range) differed across the studies, but all
 
emphasized research methods used to test new technologies through
 
LOFTs. There was consensus that LOFTs will never replace laboratory
 
and on-station livestock research. Rather, LOFT is a complementary
 
research mode that may be used to best advantage where questions
 
revolve around livestock interactions with particular farming en
vironments or on the acceptability of new livestock technologies by 
farmers.
 

Ri-umL Cet ouvrage pr6sente 12 6tudes qui d~crivent lea dif
frrentes m~thodes de recherche utilis6es essentiellement dans les 
r6gions du Moyent-Orient et de l'Afrique pour des essais d'alimenta
tion sur le b6tail. On pr6sente aussi cinq r6sum6s m~thodologiques 
qui font 6cho aux principales questions soulev6es dans les 12 6tudes 
et discut4es b l'atelier : (a) d~finition du problbme, (b) cnoix d'un 
module d'exp~rimentation sur le terrain, (c) niveaux de participation 
des exploitants, (d) crit~res d'6valuation et (e) orientations pour 
l'avenir. Les 40 auteurs et coauteurs ont Lravailt6 au sein 
d'6quipes mnultidisciplinaires h titre de sp6cialistes des sciences 
sociales ou de hiologie effectuant des recherches sur le b~tail en 
collaboration directe avec des exploitants. Les syst mes de produc
tion animale (mouton, ch~vre, boeuf, produits laitiers) et lea modes 
de production (exploitation agricole, pare d'enqraissement, grand 
p~turage) different d'une 6tude b 1'autre mais portent surtout sur 
les m~thodes de recherche utilis~es pour mettre 1 l'essai de meil
leures technologies d'61evage du btail. Les auteurs et coauteurs 
4taient unanimes b l'effet que les essais d'alimentation sur le 
btail ne remplaceraient jamais la recherche en laboratoire et Ia 
recherche appliqu6e sur le h6tail. Ces essais constituent plut~t un 
mode de recherche comp1 mentaire particuli6rement utile Iorsque des 
questions portent sur des interacLions entre le b6tail et des milieux 
d'exploitation particullers ou sur 'acceptation de nouvelles tech
nologies d'alimentation du b6tail par les exploitants. 

Resumen Este documento recoqe 12 ponencias sobre los diversos
 
m6todos empleados en Ins experimentos con qanado en fincas (LOFT),
 
principalmente en el Medio Oriente. Presenta adewls, cinco restImenes
 
metodol6gicos de los temas m~s importantes presentados en los 12
 
estudios, a saber : (a) definici6n del problema; (b) dise~o de en
sayos experimentales en fincas; (c) niveles de par!icipaci6n de los
 
agricultores; (d) criterios de evaluaci6n; y Ce) perspectivas futur
as. Los 40 autores y co-autores han trabajado en equipos multidis
ciplinarios corno especialistas en ciencias hiol6gicas y sociales,
 
realizando investiqaci6n snbre ganado con la participacitn de los
 
agricultores. ILas clases de animales (ovino, caprino, ganado de
 
came o leche) y los modos de producci6n (campo abierto, parcela o
 
hacienda) difreren en los estudios, pero todos hacen 6nfasis en los
 
mttodos de investigaci6n empleados para someter a prueba las nuevas
 
tecnologas mediante LOFT. Tambi~n debemos sealar que hubo consenso
 
general en cuanto a que los LOFT no reemplazar6n nunca la investiqa
c16n pecuaria hecha en las estaciones especializadas, pero se estuvo
 
de acuerdo en que es un modo investigativo complementario que puede
 
usarse con beneficio cuando los interrogantes se centran en torno a
 
las interacciones del ganado con los medios agricolas particulares o
 
con Ia aceptaci6n de las nuevas tecnologlas por parte de los agricul
tores.
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FOREWORD 

Livestock have integral roles in most farming 
systems arid use resources and crop residues that 
otherwise could not be used. The complexities of live
stock integration often lead to difficulties in predicting
the effects of proposed "improvements." New tech
niques may be tested in laboratory and research station 
environments with great efficiency and control, how
ever, for promising research results to reach the goal
of economical application by farmers, the path is filled 
with hazards. National research and extension pro
grams have often found that farmers face practical
constraints that make adoption of apparent "improve
ments" impossible or unprofitable. 

Farm surveys, which look into the costs and 
constraints of target groups of farmers, are an invalu
able means of providing information on which to base 
designs for research to meet national development 
goals. The results, however, of laboratory and on
station research, even when designed with the use of 
farm survey data, may still require on-farm testing 
before being recommended to farmers. Thus, livestock 
on-farm trials (LOFTs) are a complementary mode of 
research to bridge the gap between controlled labora
tory wo'k and the successful adoption of true improve
ments in livestock production. 

The International Development Research Centre 
(IDRC) has supported individual livestock research pro
jects in the Middle East and North Africa region since 
1976, notably in Sudan, Egypt, and Tunisia. This 
research has been complementary and parallel to efforts 
in Latin America, East Africa, and Southeast Asia. 
IDRC and the International Center for Agricultural
Research in the Dry Areas (ICARDA), working with 
national agricultural research programs in the Middle 
East/Africa region, found a number of national scien
tists who were convinced of the need to do some of 
their livestock work in direct cooperation with farmers. 
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The enthusiasm of these scientists, and the variety of 
approaches and terms they were using, gave rise to the 
idea of bringing them together to study methodological 
problems of common concern. 

To enhance professional contacts between national 
scientists, previously working in virtual isolation of one 
another, the workshop participants were asked to docu
ment their methods in formal studies, each touching on 
the same methodological aspects in the context of their 
specific piece of livestock on-farm research. Multi
disciplinary coauthorship was encouraged and was 
achieved in most of the studies. This added greatly to 
the value of the workshop even though, generally, only 
one author of each study actually was able to partici
pate directly. The contributions of all coauthors are 
greatly appreciated. 

As one of the workshop objectives, it was planned 
to develop summaries across presentations on each main 
methodological aspect to document the strengths, weak
nesses, and potentials of LOFTs. Five discussant/ 
synthesizers volunteered for these tasks, which in
volved reading the 12 studies and pulling together com
ments made during the discussion sessions on each. 
For these efforts, the synthesizers deserve special 
thanks, they are Hendrik Knipscheer, Jan van Eys, 
Jackson Kategile, Richard Cook, and Frank Anderson. 

As a complementary mode of research, LOFT 
methods seem to have advantages where questions 
revolve around livestock interactions in a particular 
farming system or around the acceptability of new live
stock technologies by farmers. Because of these advan
tages, LOFT methods are expected to be developed and 
used by increasing numbers of national research pro
grams in the future. This expectation will move more 
quickly toward realization as more regional researchers 
and research administrators become aware of the 
potentials. 

This volume of case studies and methodological 
discussions is published with the intention of facilitating 
the exposure of ideas and speeding up communication 
about LOFT methods between scientists in the Middle 
East/Africa region in particular. To further these pur
poses, abstracts of all 12 case studies and full texts 
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of the methodological summaries are provided in the 
Arabic language in this volume. Awad El Karim Hamid 
Ahmed, the editor in charge of these translations, was 
kindly assisted by Mohamed Bakheit Said, Faik 
Bahhady, and Mahmoud Ogla of ICARDA, and Nabil 
Ihrahim Hassan of the Arab Centre for the Study of 
Arid Zones and Dry Lands (ACSAD). Thanks are also 
due to Diah Mufti of ICARDA for typing several drafts 
in Arabic. 

The collaboration of several scientists and 
institutions greatly contributed to the LOFT workshop
and the realization of this publication. Euan Thomson 
of ICARDA greatly assisted the organizers in developing 
ideas for the workshop and reviewing draft papers. 
Special appreciation is also extended to James Riley, of 
the Western Sudan Agricultural Research Project 
(WSARP, Khartoum), for advice that was instrumental 
in the earliest definition of the LOFT workshop. Final
ly, support of the following international organizations 
in funding the participation of their staff is gratefully 
acknowledged: the Farming Systems Support Project
(Florida, USA), the International Livestock Centre for 
Africa (Addis Ababa, Ethiopia), Winrock International 
(Arkansas. USA), WSARP, and the Small Ruminant-
Collaborative Research Support Project (North Carolina 
State University/USAID, USA). 

H.D. Zandstra, Director 
Agriculture, Food and Nutrition 

Sciences Division 
IDRC 



INTRODUCTION 

This document is intended to facilitate the sharing 
of ideas and experiences of scientists working with 
national programs in the Middle East, Africa, and else
where who are interested in livestock on-farm trials 
(LOFTs) in direct cooperation with farmers. It com
prises 12 case studies on particular research and five 
methodological summaries. 

Authors of the 12 studies were asked to put their 
main emphases on how their LOFTs were designed, con
ducted, and evaluated. They were asked first to 
define their research problem, state why it was 
studied, and identify which group of farmers was 
affected. Authors were then asked to report specific
ally on the tollowing aspects of their methods: 

(a) Identification and selection of farmers and farm 
sites for research. 

(b) Trial design: size of plots, numbers and 
classes of animals, and the time span of the research in 
the context of the annual production pattern. 

(c) Ownership, protection, and day-to-day control 
of livestock and field plots. 

(d) On-farm measurements: how were they taken, 
at what frequency, and by whom. 

(e) Terms of compensation for cooperating farmers. 

(f) How are farmers' reactions, observations, and 
opinions recorded and used. 

(g) Logistics of on-farm research: labour, 
vehicles, and other equipment or input requirements. 

Following the description of their methods, the 
authors were asked to state their results briefly, 
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including the following points: 

(a) The main research indications regarding
comparisons of quantitative field measurements, results 
in economic terms, and farmers viewpoints on these. 
Can farmers profitably adopt the new practice? 

(b) Directions for planning future trials,
demonstrations or policy changes: how applicable are 
the results to an identified target group of farmers? 

(c) The authors' reflections on the scope, location, 
cost, quality, and value of the research: what aspects 
can be improved and how? 

The level of treatment given to these points
naturally varied the studies as thebetween 12 research 
reported varied in purpose and scope. 

The original intention of the workshop towas 
focus on LOFTs in the relatively narrow definition of 
experimentation in biological research involving farmers 
on their farms. Although a number of the studies 
addressed LOFTs in the context of this definition,
others implied much broader definitions: demonstration 
of a livestock technology, a complete package of com
ponent livestock research focused on a particular live
stock system, and the extension approach in which a 
technology is transferred to as many beneficiaries as 
possible. The range of definitions (specific or implied)
found in the 12 studies indicates a research method in 
its early stages of development. 

The 12 studies also demonstrate the wide scope of 
research problems and livestock production systems that 
may be approached with LOFTs. Two studies consider 
feeding trials in commercial cattle fattening lots (Ahmed

and andet al. Nour Hamza). Two studies focus on new 
irrigated forage crops for cattle (Soliman et al. and 
Modawi et al.). Another two studies look at rainfed 
forage production and use (Bunderson and Cook and 
Tully et al.). Three studies deal with innovations in
livestock uses, management, and experimental control: 
crossbred dairy cows for draft power in Ethiopia
(Gryseels and Anderson), dual-purpose goats in 
western Kenya (Sidahmed et al.), and in-herd/on-range
trials with sentinel herds of cattle in Sudan (Fadlalla 
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and Cook). Finally, three studies report on the testing 
of new inputs to the farming system: alley farming 
with leguminous forage trees for goat feed in Nigeria 
(Atta-Krah); mineral supplementation of goats in west 
Java, Indonesia (van Eys et al.); and the ammoniation 
of straw for cattle in Egypt (Yackout et al.). 

All of the 12 studies are based on research done 
in cooperation with farmers, on their land, using their 
labour and mostly their animals and feedstuffs. The 
LOFT practitioners have demonstrated considerable 
ingenuity and resourcefulness in both their field work 
and their documentation. They have had to improvise 
not only in conducting the research but in developing 
new terms and definitions to describe their work. In 
most cases, the research studies collected here were 
done in isolation of each other. Thus, the reader may 
find a lack of common terminology for features the 
studies actually have in common. These facts, again, 
are indicative of research techniques at an early stage 
of development. 

In addition to bringing together 12 studies by 
scientists who have pioneered LOFT efforts in their 
respective countries, the workshop enabled a number of 
them to meet each other personally and discuss their 
ideas more fully. In general, however, only one co
author of each study participated in the workshop. 

Five of the workshop participants agreed to take 
on the roles of discussant/synthesizers. Each of them 
had the task of carefully reading all of the 12 studies, 
acting as prime listeners in all the discussions, and 
leading smaller working groups in discussions on speci
fic topics in LOFT methods. On the last day each 
reported on an agreed topic to the full workshop. Most 
of the studies touch on each of the five methodological 
topics, providing an excellent start for thoughtful and 
often lively discussions among the participants. 
Readers will benefit from the syntheses accomplished in 
the five summaries: (a) on the definition of research 
problems (Knipscheer), (b) on trial designs (van Eys), 
(c) on farmer participation in LOFTs (Kategile), (d) on 
criteria for evaluation (Cook), and (e) on future direc
tions for LOFTs (Anderson). 
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Although there was diversity of opinion among the 
participants, there was a surprising degree of 
consensus on the usefulness of LOFTs in some applica
tions, particularly those in which there are important
interactions of a new technique with other features of 
the farming environment. In such cases, laboratory or 
research station experiments could give little information 
on the appropriateness of a new technology for a target 
farming system. 

Another point of consensus was on the need for 
prescreening of new technologies before promoting them 
with farmers. The prescreening process can involve 
survey methods and diagnostic trials to learn current 
farm practices and existing conditions. It should also 
involve preliminary economic analysis using the best 
information at hand to estimate the potential profitability
of the technologynew from the farmers' viewpoint and 
its affect 
focus on 

on 
the 

the region. This would lead 
best potential improvements 

to 
in 

an early 
terms of 

individual benefits and regional impact. 

There is a need for clearer definitions of research 
problems and more explicit statements of objectives.
Depending on the particular objectives, LOFTs may be 
designed, conducted, and evaluated as legitimate parts
of (a) diagnosis, (b) design, (c) testing, or (d) exten
sion phases of a farming systems research and develop
ment process. 

There was consensus that LOFTs will never replace
laboratory or livestockon-station experimentation.
Rather, LOFTs appear to be a complementary mode 
that, because of the effectiveness in approaching
certain classes of problems (particularly those regarding
questions of acceptability by farmers), promises to 
become a more common and even routine tool of national 
research programs in the future. 

Thomas L. Nordblom, ICARDA 
Awad El Karim Hamid Ahmed, 

University of Gezira 
Gordon R. Potts, IDRC 
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SURVEY AND ON-FARM TRIALS IN PRIVATE BEEF
 
CATTLE FINISHING FEEDLOTS IN THE KHARTOUM
 

AREA
 

2Saad El Medani Ahmed, 1 Tagel Sir Ahmed Mohamed,
 
and Mahgoub Gaafar El Hag Z
 

iDepartment of Agricultural Economics, Faculty of 
Agriculture, and Department of Animal Nutrition, 

Institute of Animal Production, University of Khartoum, 
P.O. Box 32, Khartoum North, Sudan 

Abstract The objective of this resea,'ch was to 
introduce a cost-reducing technology through maximiz
ing usage of agroindustrial by-products in beef finish
ing operations in the Sadan. Beef finishing in the 
Sudan is conventionally based on the use of high levels 
of costly concentrate feedstuffs with minimum by
products. 

Before the conduct of on-farm trials (OFTs) a 
reconnaissance survey covering all feedlots in the 
Khartoum area was conducted by a team of researchers 
(an agricultural economist and two animal nutrition
ists). The objectives of the survey were to help in 
understanding beef finishing in the Sudan and selecting 
sites for the OFT. Survey results were analyzed using 
simple mathematical techniques and descriptive statistics 
(mainly f;requency distributions). 

Based on the survey results and cooperation of 
feedlot owners, two sites were selected for OFT. Two 
pretested, by-product-based rations (25% on an as-fed 
basis of groundnut hulls and sorghum straw) were used 
with the conventional concentrate-based ration tradi
tionally used by the feedlot owners. The design was a 
3 x 10 complete random design. Trials were carried out 
for 67 days during the normal season (August-January 
1985). Feed intake, animal performance, chemical 
composition, and cost of feeds, labour, and transporta
tion were measured. 
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Results were analyzed stathtically by the analysis
of variance (ANOVA) and economically by partial bud
geting and sensitivity analysis. Results clearly demon
strated the superiority of by-products over concentrate
based rations. Farmers were very cooperative and in
terested, and they participated significantly in the 
OFT. 

Resume' Le but d'une telle recherche etait 
d'introduire, dans les operations d'engraissement du 
boeuf au Soudan, une technologie qui permettrait de 
r duire les cotits en tirant le maximum des sous
produits agro-industriels. Dans ce pays, la fin 
d'engraissement du boeuf s'appuie habituellement sur 
l'usage de fortes quantites d'aliments concentres coil
teux, ot' entrent peu de sous-produits. 

Avant de faire des essais pratiques, une 6quipe de 
chercheurs (un 6conomiste agricole et deux sp~cialistes
de la nutrition animale) a men6, dans tous les parcs
d'engraissement de la region de Khartoum, une enquete
generale qui visait a comprendre le systbme de fin 
d'engraissement du b6tail au Soudan et ' choisir les 
sites des essais pratiques. On a analyse les r6sultats 
de l'enqu~te au moyen de techniques math~matiques 
simples et de statistiques descriptives (principalement la 
distribution de fr~quonce). 

Les r~sultats de l'enquete et la collaboration des 
proprigtaires de parcs d'engraissement ont permis de 
s6lectionner deux sites pour les essais sur le terrain.
Deux rations pretest6es contenant des sous-produits 
(dont 25 % d'6cales d'arachide et de paille de sorgho) 
ont kt' utilis6es en meme temps que la ration habituel
lement utilis~e par les propri6taires de parcs. Les 
essais, organis~s suivant la methode des blocs aleatoires 
complets de 3 x 10, se sont d6roules pendant 67 jours 
au cours de la saison normale (aoilt-janvier 1985). On 
a mesur6 la consommation de nourriture, la performance
animale, la composition chimique, ainsi que les coftts des 
aliments, de la main-d'oeuvre et du transport. 

Les r6sultats furent analys6s d'un point de vue 
statistique (analyse de la variance) et 6conomique
(e'tablissement de budgets partiels) et soumis ' une 
analyse de sensibilitg. 11 est apparu clairement que les 
rations ' base de sous-produits 6taient superieures 'a 
celles ' base de concentres. Les agriculteurs ont offert 
une grande collaboration, se montrant intgresses et 
participant activement aux essais sur le terrain. 

16
 



Arable and livestock farming in Sudan are managed
separately with mixed farming practiced on verya 
limited scale around irrigated and some rainfed cultiva
tion areas. Livestock raised under this system are 
alternatively fed on natural pastures and postharvest 
crop residues. The other main systems of livestock 
husbandry include nomadism and intensive or zero 
grazing systems. The former depends completely on 
the least reliable method of natural pasture and range
grazing for feeding. Beef cattle cover considerable 
distances (350-700 kin) before they reach the finishing
feedlots near the major consumer centres and export
terminals. In these feedlots, animals are "finished" on 
purchased feeds, mainly concentrates. 

In recent years, natural pastures and rangelands 1 

have been endangered considerably by development 
strategies, emphasizing expanding arable farming by
opening grazing areas for cultivation, and by the con
tinued deforestation and desert creep. In spite of this, 
little use has been made by the livestock sector of the 
8.8 x 106 t (11% of available feeds) of agricultural
by-products resulting from arable farming. This limited 
use in the traditional areas of production may be par
tially explained by: 

(a) The low livestock population density in most of 
the areas where these agricultural by-products are 
grow n; 

(b) Bulkiness of agricultural by-products, which 
adds to their cost of transportation; 

(c) Availability of agricultural by-products in 
forms not suitable for direct use by animals; and 

(d) Little knowledge about the nutritive values of 
agricultural by-products and the general ignorance 
about their feeding. 

Tb, explanation given for the limited ofuse 
agricultural by-products by the beef-finishing industry 

iNatural pastures and rangelands make up about 
85% of the nutrient requirements of the estimated 22 
x 106 animal units in Sudan. 

17 



is not convincing. First, the finishing feedlots are 
within easy access of the major agricultural by-product 
producing areas. Second, 1.2 x 106 cattle 2 reach and 
stay for nearly 3 months in the finishing feedlots. 
Third, the price of concentrates conventionally used in 
finishing is rising and the concentrates used are esti
mated at about 70% of the total concentrates of 1 x 
106 t used by all the Sudanese livestock sector. 

The most important concentrate used in beef-cattle 
finishing is dura (sorghum) grain, which is the basic 
diet of the Sudanese people and the major source of 
energy to other monogastric animals, particularly poul
try. The ability of ruminants to digest agricultural 
by-products (cellulose and hemicellulose), which would 
otherwise be wasted; the severe competition they give 
humans and the expanding poultry industry in dura 
consumption; and the high cost of concentrates conven
tionally used in beef cattle finishing are ample justifi
cation for this research. 

It is, therefore, our contention that considerable 
use can be made of the available agricultural by
products and with great cost effectiveness. It is also 
our contention that the response of beef cattle to 
finishing, especially the stressed animals (80% of the 
cattle travel on hoof for 35-70 days before they reach 
the finishing feedlots), on rations based on high levels 
of agricultural by-products could be comparable to that 
obtained from concentrates. To test these hypotheses 
about the technical and economic efficiencies of agricul
tural by-product utilization requires detailed studies at 
the feedlot level. This is what the present research 
program, which started a year ago and is planned to 
continue for 2 more years, is investigating. In addition 
to introducing a cost-reducing technology, this research 
attempts to achieve the following specific objectives: 

(a) To examine and understand the operations of 
the beef cattle finishing industry in the Khartoum area; 

(b) To examine the response of animals to different 
on-station-tested rations, based on high levels of 

2Representing about 60% of the national annual 

withdrawal of 2 x 106 cattle. 
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agricultural by-products, and to evaluate the financial 
implications of the corresponding change in the finish
ing regime; 

(c) To determine the least costly pattern and inten
sity of feeding in the beef cattle finishing industry; 
and 

(d) To assess the possible ways of intervention 
into the system and conduct research directed toward 
the better formulation of feeding rations in accordance 
with feed composition, animal requirements, and produc
tion objectives. 

The chief concern of this paper is to evaluate 
critically the methodology of livestock on-farm trials 
(LOFT) used in this research. The first section 
exposes the research problem and its economic impor
tance. The second section examines the general on
farm research strategy followed. We then discuss the 
main components of this strategy, particularly initial 
data collection, planning, and implementation of on-farm 
trials, and reveal experiences gained and lessons 
learned about the improvement of on-farm research in 
livestock studies. In the final section, we discuss the 
major analytical techniques used and the main findings 
obtained so far. 

RESEARCH STRATEGY 

The introduction and adoption of agricultural 
by-products by the beef cattle finishing industry 
involves interactions between the biological and socio
economic sciences and is influenced by other subsystems 
like input distribution, credit, transport, and other 
marketing functions and extension services. To explore 
these interactions and linkages, a multidisciplinary 
approach was followed.3 

The strategy used for this research follows the 
sequence presented in Fig. 1 with every process being 

3Three researchers, an agricultural economist, and 
two animal nutritionists, assisted by a number of post
graduate students, are involved in this research. 
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Fig. 1. Research strategy. 

built onto the information generated by the previous
process(es). The strategy starts withcollection arrangements forand of data needed for a quick preliminary
understanding of the system, area conditioning, and 
selection of sites for LOFTs. This is followed by plan
ning and preparations for LOFTs, including contacts 
with feedlot operators, design of trials, feed procure
ment, and preparation of feed and other logistics. With 
the start of the trials, data on the necessary attributes 
should be recorded according to the specified timeschedule, and andproblems deviations should be noted 
for quick monitoring of the project. Feedback from the 
trials can indicate if there are possibilities for 
intervention in the system and guide further on-stationresearch with the developed rations tested under feedlot 
conditions. From the results of the trials and the re
sults of a wider verification survey, policy constraints 
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can Le identified and policy recommendations needed to 
support the technology can be formulated. These can 
then be passed to the target groups via extension chan
nels. 

INITIAL DATA COLLECTION AND ANALYSIS 

The experience of many researchers has shown 
that basic data collection can best be achieved by 
gathering secondary information followed by a recon
naissance survey. Information from secondary sources 
relating to the geographical spread of feedlots and their 
number and type is particularly useful in guiding data 
collection to some key variables and in reflecting upon
the coverage of the reconnaissance survey, given the 
material and human resources that can be made available 
for this purpose. 

The use of secondary data in organized farming 
situations with clear land tenure relationships can even 
extend to the selection and design of a suitable samp
ling procedure. With beef-cattle finishing feedlots in 
Sudan, however, land registers are rare, and most of 
the operators use the open space for their finishing 
activities. Therefore, the availability of useful 
secondary data was not expected. 

Nevertheless, a list containing names of both dairy
and beef cattle feedlot operators and the location of 
their feedlots was obtained from the Animal Production 
Administration in the Ministry of Agriculture. As 
expected, the list was inadequate in many respects, but 
it did heln in guiding the researchers' movements in the 
first few days of the reconnaissance survey. Later on, 
asking farmers about the feedlots in their neighbour
hood proved to be very useful. This was further 
facilitated by the location of most of the feedlots away 
from residential dwellings, which enabled visual inspec
tion. Because of the lack of information about feedlots 
and their expected limited number, a reconnaissance 
survey of 100% coverage was conducted. 

The questionnaire, which was jointly prepared by
the biological and social scientists and used in this 
exploratory survey, is composed of a short list of topic 
themes covering both qualitative and quantitative 
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aspects such as location, number of animals, rations 
used, housing, methods of feeding, main feed and 
disease problems, seasonality of operations and finishing 
periods, and other attributes related to the management 
of the feedlot. The questionnaire format was used in 
this survey without prior testing; however, our experi
ence clearly demonstrated the importance of question
naire pretesting because of (a) our continued insertion 
of useful information missed in the initial preparation of 
the format, and (b) our inability to use a coded format, 
which would be extremely useful in quick data record
ing and in storage and retrieval of data if computer 
facilities were available. 

The survey was conducted entirely by the re
searchers who visited the feedlot to interview the 
operator or one of his skilled workers. Using a single
visit technique of data collection, 2-3 feedlots were 
visited every day and the survey took 1 month to com
plete. Apart from the researchers' time and one 
vehicle, no other major resources were used in this 
investigation. 

There was no formal interviewing undertaken 
because our experience also showed that explaining the 
purpose of the research and the survey to the people 
being interviewed and giving them the opportunity to 
talk freely about the organization of their feedlots made 
the trouble of formal interviewing unnecessary, en
riched the data collection, and saved time. Frequent 
interference by researchers may be needed to redirect 
the interview to important questions and to guard 
against wasting time. The time taken by each interview 
ranged between 30 min and 1 hour. The forms were 
filled in by one researcher with the researcher's per
sonal impressions recorded separately. In addition to 
data collection, careful area conditioning for OFTs, as 
detailed later in this paper, was made and the willing
ness and cooperative spirit of the operators were also 
recorded. A note was also taken of the available facil
ities, such as balances, feeding and drinking troughs, 
stores, etc., that can be used for OFTs. 

Analysis starts immediately after researchers leave 
the feedlot with the additional information gathered 
being recorded and the format to be used in subsequent 
visits adjusted as required. Following full coverage of 
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the feedlots, the data were coded and stored in a com
puter for analysis. Simple data analysis based on 
descriptive statistics (frequency distribution and tabula
tion) satisfactorily delineated the basic features of the 
systems and generated most of the information needed 
for the design and conduct of the feedlot trials. 

Beef Cattle Finishing Systems and Duration of 
Finishing 

From the survey, two major systems that vary in 
their management, resource base, and orientation were 
identified. About two-thirds of the animals are finished 
by the traditional system and the remaining third by
the semimodernized system (Table 1). 

The 79 feedlots are scattered over an area of 
about 250 km 2 and are shared between the traditional 
(92%) and the semimoderni,ed (8%) systems. In addition 
to better management of housing (Table 2), feeding and 
drinking facilities, veterinary services, and knowledge 

Table 1. Distribution of feedlots and animals between 
different finishing systems. 

Total Number of animals 
Number number per feedlot 

of of 
System feedlots animals Average Range 

Semimodernized 6 4440 740 200-1700 

Traditional 
Mwielih 44 7312 168 25-2277 
Other areas 
 29 1599 55 6-200 

Total 79 13351 169 6-2277 

Note: The survey was carried out in March - a 
period of reduced animal inflow to the finishing feed
lots.
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Table 2. Distribution of feedlots according to method 
of keeping animals. 

Number of Percentage 
Method feedlots of total 

Animal kept in the open 45 57 

Thorny fence (Zariba) 11 14 

Fence of junk cars 11 14 

Open barns 9 11 

Closed houses 3 4 

Total 79 100 

about finishing standards, the semimodernized system 
represents the fine end of the trade with the operators' 
activities directed toward export (on a contract basis 
specifying quality and weight) or provision of high
quality meat to local consumers. The traditional beef 
cattle finishing system consists of a wide array of 
operators who differ mainly in the size of their busi
nesses.
 

Although a good part of their animals are destined 
for the export market, the influence of the local market 
forces and the operators' holding powers, specifically on 
the duration of their finishing activities, are signifi
cant. All operators in the semimodernized system and 
80% of those in the traditional system finish their ani
mals for a period ranging from between 45 and 60 days 
(Table 3). The 8% of the traditional-system operators 
finishing their animals in less than 30 days are mainly 
butchers who generally keep less than 10 animals. 
Short finishing periods in this case are necessitated by 
the operators' slender reserves and need for a quick 
turnover to maintain the continuity of their business. 
In contrast, some of the well-to-do operators keep their 
animals for longer periods by regulating their finishing 
regimes in anticipation of the high summer prices of 
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Table 3. Distribution of feedlots according to duration 
of finishing (days). 

Number of feedlots 

Period Traditional Semimodernized 
(days) No. % No. % 

15-30 6 8 - 
45 19 26 2 33.3 
50 11 15 2 33.3 
60 28 39 2 33.3 

70-80 8 11 - 

90 1 1 - -

Total 73 100 6 100 

meat. Apart from the semimodernized feedlot operators 
who have registered fenced holdings, the feedlots of 
the other operators are scattered in the open. 

Seasonality of Finishing 

The beef-cattle finishing industry is a completely 
commercial undertaking based on finishing mature ani
mals (4-6 years old). Two main seasons were identi
fied: (a) animals reaching the feedlots after the rainy 
season (August-February) arrive in a relatively good 
condition because of the available pastures on their way 
from Western Sudan (the main source of beef cattle) 
and (b) animals arriving after February are stressed 
and in poor condition. Because of the deteriorating 
pastures, feed during this period is sometimes trans
ported more than 100 km to feed animals on the way. 
Finishing the inflow of stressed animals continues until 
July. 

Rations 

Apart from the semimodernized feedlots that grow 
limited fodders, all feedlots depend almost exclusively 
on purchased concentrate feeds. Although agricultural 
by-products are used by all operators, the quantities 
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fed are very small (less than 5% of the ration). The 
common ration used consists of cottonseed cake (40
50%), crushed sorghum grain (40-50%), by-products 
(5%) and salt (1%). Rations are either formulated, 
manufactured in pelleted or mesh form, or mixed on the 
farm. Pelleted rations are especially used by the 
operators in the semimodernized system. Different 
types of agricultural by-products are also used (Table 
4). Their availability depends upon the seasonal nature 
of the production of the main products. Gassab (sor
ghum stalks) and groundnut hulls are used most com
monly mainly because of their abundance and availability 
for longer periods. 

PLANNING OF AND PREPARATION FOR OFTs 

Selection of Sites 

The selection of sites for OFTs is influenced by
the target ,'-oups, the degree of variation among and 
within the systems, and by the resources available for 
carrying out the trials. Results of the reconnaissance 
survey clearly showed the dominance of and variation 
between the traditional and the semimodernized systems 
and revealed the high level of homogeneity, in terms of 
rations used, finishing practices, and general manage
ment of the feedlots within each system. This necessi
tated the representation of the two systems in the 
OFTs. 

OFTs, however, are expensive and require con
tinuous data recording, perhaps even on a daily basis 
for some attributes, and careful planning and monitor
ing. This would, naturally, influence the number of 
feedlots that can be selected from each system. Such a 
question can be approached either through the selection 
of more feedlots with a small number of animals included 
in the trials or, conversely, a relatively large number 
of animals within limited feedlots. 

Although the former method, through its emphasis 
on wider coverage, improves representation of the sys
tem, it, nevertheless, greatly increases the demand on 
the available resources and may make the time spent on 
traveling even more limiting. It may also limit the 
number of treatments within each trial or, otherwise, 
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Table 4. Distribution of feedlots according to type of ration used. 

Number of feedlots 

Ration Traditional Semimodernized Total % 

-3 

Cottonseed cake (CSC), dura, and gassab 

CSC, dura, groundnut hull, and wheat bran 

CSC, dura, and pelleted feeds 

CSC and pelleted feeds 

CSC, gassab, and wheat bran 

Pelleted feeds and green fodder 

Pelleted feeds, greer fodder, and gassab 

Gassab (sorghum stalks) only 

Total 

63 

6 

-

2 

1 

-

-

1 

73 

1 

-

3 

-

1 

1 

-

6 

64 

6 

3 

2 

1 

1 

1 

1 

79 

81 

8 

4 

3 

1 

1 

1 

1 

100 



cause some statistical problems as often encountered in 
the analysis of very small samples. 

Most of these drawbacks can be avoided if the 
second method of selection were used. Furthermore, 
the consolidation of efforts embodied in this method of 
selection is particularly emphasized because of the 
limited experience and scanty literature on the research 
methodology for LOFTs. Accordingly, two feedlots were 
selected for the OFTs; one in Western Omdurman 
(Mwielih area) to represent the traditional system and 
the second in Khartoum North (Halfaya area) to repre
sent the semimodernized system. 

Although all operators favourably responded to the 
proposed research program the selection of the indi
vidual operators was more influenced by their ability to 
provide, for both seasons, the required number of 
animals. The main cattle terminal market is situated in 
the Mwielih area and is supervised by a former student 
of the researchers. The selection of a feedlot from this 
system was also influenced by the supervisor's judgment 
on the most cooperative operator. 

Contact with the Selected Operators 

Following adequate area conditioning during the 
reconnaissance survey, the research objectives and 
methodology were further discussed, frankly and in 
great detail, with the selected feedlot operators. The 
importance of this approach has been thoroughly demon
strated by the operators' interest and willingness to 
promote the research program and by their desire to 
participate in the design and conduct of the OFTs. 
The research being designed and supervised by impar
tial bodies (the TJniversity of Khartoum and the Inter
national Development Research Centre (IDRC)) has been 
greatly appreciated by the operators. This, in addition 
to our provision of feeds, may have also helped in 
encouraging the operators' good responses and, later 
on, their commitment to the program. The total cost of 
feeds used in trials and covered by the program 
amounts to 21,000 SDP (1 US$ = 3 Sudanese pounds 
(SDP)). In addition, fuel costs used for the daily 
transport of students and of researchers (3 days/week)
amounted to 2200 SDP. Other expenses incurred in the 
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form of the driver's salary and financial inducements to 
labourers during the trials period amounted to 2500 
SDP. Approximately 80% of the students' time and 40% 
of that of the researchers had been spent in these 
trials. 

During the various meetings held with the selected 
operators, the responsibilities of the two parties were 
identified and agreed upon. The operators willingly
allowed the free use of the available facilities on their 
feedlots such as balances, storage facilities for feeds,
and feeding and drinking troughs. They also provided 
separate space for the selected animals and allowed the 
use of their labour to help in the conduct of the trials. 

Researchers were allowed to select and isolate all 
the animals needed and to keep them for the whole 
period of the trial (about 70 days in each season).
Operators also agreed to extend their currently used 
traditional concentrate feeds to the control animals. 
On-station tested feeds will be provided by the program
for animals in the other treatments. Any losses caused 
by the trials as reflected in mortality or deteriorating 
condition of the experimental animals will be covered by 
the research supervisors. 

At the end of each trial, it was also agreed that 
the researchers should be given priority in the pur
chase of a selected limited number of experimental
animals for carcass evaluation. With the operators' deep 
involvement in the program and their highly cooperative
spirit, no written agreement for these arrangements was 
made. The importance of concluding such an agreement 
to ensure the continuity of the program need not be 
emphasized. In our case, however, insistance suchon 
an agreement may have offended the operators and 
affected the program. This verbal agreement is highly
admired by the Sudanese but a written agreement may
have been misunderstood by the operators and taken as 
an indication that their trustworthiness was in question. 

Design of On-Farm Trials 

The design of the teedlot trials was influenced by
the variation between the systems, animals' responses,
the seasonal price of ingredients, and the abundance of 
agricultural by-products. For these reasons, two 
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similar trials were designed, one in each site. The 
same treatments carried out in the normal season will be 
repeated in the critical season. Two on-station-tested 
rations were used, one based on gassab (25% of the 
ration) and the other based on groundnut hulls (25% of 
the ration). These, in addition to a control treatment 
based on the conventional ration, were used by the 
operators. Accordingly, the following completely ran
dom design was formulated for each of the two sites: 2 
(seasons) x 3 (treatments) x 10 (animals). The compo
sition of the rations used in each treatment is given in 
Table 5. 

Feeds Procurement and Processing 

The quantities of feed required by the feedlot 
trials were calculated for a maximum period of 3 
months. Procurement and processing of these feeds, 
carried solely by researchers, proved to be rather dif
ficult because of the various channels through which 
agricultural by-products enter Khartoum and the less
developed marketing structures. Procured feeds were 
then transported to the single crushing mill available, 
packed in jute bags, and loaded to be stored in the 
selected feedlots. 

Molasses was stored in cement ditches in the 
Faculty of Agriculture in quantities sufficient for 10 
days, then regularly transported and stored in barrels 
at the selected sites. The anticipated wide use of 
agricultural by-products is expected to improve their 
delivery systems and stimulate the development of mills 
for their processing. Both costs of procurement and 
processing will, therefore, be appreciably reduced. In 
the selected feedlots, feeds are mixed daily under the 
supervision of researchers using the manually operated 
mixers specifically made for this purpose. 

CONDUCT OF ON-FARM TRIALS 

On-farm trials started immediately after animals 
reached the feedlots. Thirty animals were randomly 
selected, tagged, and weighed. They were then divid
ed into three groups of approximately equal weight. 
Each group represents a separate treatment. However, 
because of the drought conditions and the sharp 
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Table 5. Composition of the rations used in the trials. 

Ingredients 

Dura straw-
based ration 

(M) 

Groundnut hull-
based ration 

(M) 

Cont.-ol 
rat-'-n 

(traditional) 

Crushed dura grain 

Wheat bran 

Sorghum (gassab) stalks 

Groundnut hulls 

Alfalfa hay 

15.00 

30.00 

24.75 

-

7.50 

15.00 

30.00 

-

24.75 

7.50 

Same as fed 
by the 
operators 

Molasses 20.00 20.00 

Urea 1.75 1.75 

Salt 

Total 

1.00 

100.00 

1.00 

100.00 



increase in the price of sorghum grain, the operator in 
the Mwielih area (traditional system) deviated from the 
normal 50% dura grain-based ration. Instead, he fed all 
his animals with cottonseed cake. For comparison pur
poses we provided him with dura grain at a subsidized 
price to have an additional control treatment. 

The trials proceeded smoothly and according to 
plan without any loss of animals. Contacts between 
researchers and operators were maintained throughout 
the trials. In addition to their participation in the 
design and conduct of the research, they were, inter
estingly, making their own appraisal and evaluation of 
the trials. The results of the survey carried out at 
the end of the trials to examine the operators' respons
es to the use of agricultural by-product-based rations 
in finishing clearly demonstrated their satisfaction 
particularly with animal performance. The main reasons 
cited for their limited use of these materials relate to 
the seasonal availability of agricultural by-products and 
the lack of knowledge about ration formulation. Opera
tors feel that both problems can be solved by the devel
opment of an agricultural by-products feed industry to 
which they can contribute. 

ANALYSIS AND RESULTS 

Finishing, as previously stated, represents one 
phase in the production process of beef cattle and is 
carried out by commercial firms. Hence, analytical 
frameworks, as used in commodity analysis or produc
tion of a specific enterprise, are particularly limited in 
explicitly incorporating parameters like rate of live
weight gain, time, interest and liquidity preference, 
value added, daily feed intake, variation in prices, and 
other complicated variables incorporated in the finishing 
phase. A suitable and flexible framework is, therefore, 
required to (a) compare the animals' responses and 
performance between treatments at the end of the trials 
(10 weeks), (b) compare profits and returns to finish
ing at the end of the trials, (c) determine optimum 
finishing periods for the different rations and compare 
profits and returns to finishing at that period, and (d) 
determine turnover within the season and compare sea
sonal profits from finishing beef cattle on different 
rations. 
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To achieve the objectives of the study, different 
analytical techniques were employed. The statistical 
analysis of variance was used to compare physical 
response and performance of the animals. Comparison 
of profits and returns to finishing can adequately be 
achieved by the construction of partial profit budgets. 
For the other two types of calculations, a combination 
of partial profit and cash-flow budget and marginality 
analysis were used. The effect of variation in prices 
was handled by sensitivity analysis within the con
structed partial budgets. 

Variations in feed intake, liveweight gain, and 
efficiency of feed conversion between the different 
treatments within the semimodernized system (Table 6) 
are not statistically significant (P > 0.05). However, 
animals fed on the dura straw ration by-products per
formed better than those fed on the conventional 
cottonseed cake ration and the combined cottonseed cake 
and sorghum grain ration. 

It is also interesting to note the superiority of the 
dura straw ration compared to the groundnut hulls 
ration in both systems. Performance of animals in both 
systems was, more or less, similar, except for the rela
tively poor performance of animals fed on the groundnut 
hulls ration in the traditional system and the slightly 
lower feed intake of animals in this system, which could 
be attributed mainly to their relatively lower initial 
liveweight (Table 6). Based on these biological attri
butes, the results of the trials clearly demonstrated the 
possibility of substituting agricultural by-products for 
the conventional concentrate ration. 

However, at the current high dura grain prices 
and low slaughter prices, the new control ration based 
wholly on cottonseed cake (CSC ration) excells the by
product rations in both systems (Table 7). Profits 
from finishing are positive only for this ration and the 
groundnut hulls ration in the semimodernized system 
because of both lower feed cost and high liveweight 
gain. Hence, the ratio of value added to capital in
vested in feed costs of finishing is greater than unity 
only for these rations. Interestingly, operators lost 
nearly 346 SDP/animal when the normal conventional 
ration (CSC + dura) was used. The low return to capi
tal (0.39 SDP) clearly demonstrates the rational 
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Table 6. Beef cattle performance by ration and system of finishing during the 
normal season (August-February). 

Traditional rationa Semimodernized ration 

Parameters (kg/animal) (1) (2) (3) (4) (1) (2) (3) 

Feed intake per day 8.16 8.74 8.58 9.83 9.17 10.32 10.34 

Initial body weight 283.40 283.60 283.60 284.30 340.50 340.00 340.50 

Final body weight 355.70 362.50 329.90 369.90 424.00 427.00 416.50 

Total body weight gain 72.30 78.70 46.30 85.60 83.50 87.00 76.00 

Average daily liveweight gain 1.03 1.12 0.66 1.22 1.19 1.24 1.09 

Feed efficiency (feed/gain) 7.92 7.80 13.00 8.06 7.71 8.32 9.49 

aRations: (1) control based on current conventional ration (cottonseed cake (CSC)), (2)
dura straw-based ration, (3) groundnut hull-based ration, and (4) control based on normal 
conventional ration (CSC + dura grain). 



Table 7. Profits from and returns to capital inv sted in beef cattle finishing per animal by
system and type of ration after 10 weeks of finishing at current dura and meat prices 

(in Sudanese pounds (SDP)).a 

Parameters 


Slaughter value 

Less 	cost before finishing 


ul 	 Value added due to finishing 


Less finishing cost 


Profit 


Ratio of value added to 
finishing cost 

al US$ = 3 SDP. 

Traditional r "ionb Semirnodernized ration 

(1) (2) (3) (4) (1) (2) (3) 

527.86 537.95 489.57 548.93 618.09 633.67 629.22 

324.65 324.65 324.65 324.65 384.30 384.30 384.30 

203.21 213.30 164.92 224.28 233.79 249.37 244.92 

200.97 223.97 180.96 570.78 221.23 274.60 237.09 

2.24 -10.67 -16.04 -346.50 12.56 -25.23 7.33 

1.01 0.95 0.91 0.39 1.06 0.91 1.03 

current conventional ration (cottonseedon cake (CSC)), 
(2) dura straw-based ration, (3) 
normal conventional ration (CSC 

groundnut hull-based 
+ dura grain). 

ration, and (4) control based on 

bRations: (1) control based 



behaviour of the operators in deviating from the use of 
this ration in the current season. 

Drought and famine in the year under investigation 
have greatly affected meat and feed prices (particularly 
dura grain). Because of the feed shortage, most of the 
livestock owners increased their withdrawal with the 
resultant sharp decline in meat prices. Dura prices, on 
the other hand, increased by more than six-fold. To 
simulate the normal season, additional partial profit 
budgets were constructed utidc- the follov:ng three 
situations: (a) current meat prices and projected dura 
price, (b) current dura prices and projected meat 
price, and (c) projected meat and dura prices. 

Time series data were used to ectimate trends 
employed in price projections. Results of the regres
sion analysis of prices against time are given in Table 
8. With the high multiple regression coefficients and 
highly significant F and T values, the projected meat 
and dura prices seem quitE reasonable. Clearly, as 
shown in Table 9, both profitability and economic 
efficiency indicators are more sensitive to changes in 
dura prices than changes in meat prices. 

With projected dura grain prices, the by-product 
rations are far superior to the current control concen
trate ration (CSC ration). However, profits fro'n the 
normal conventional ration (CSC + dura) are only 
realized if the normal pattern based on projected meat 
and dura prices is retained. Had increases in dura 
grain and meat prices followed the normal trend, the 
economic efficiency of the dura straw-based rations 
would have been 65 and 17% higher than that for the 
current conventional ration (CSC ration) in the tradi
tional and semimodernized systems, respectively. The 
corresponding increase in the groundnut hulls ration is 
estimated at 93 and 67%, respectively. However, com
pared to the normal conventional ration (CSC + dura), 
the dura straw ration and groundnut hull ration are 98 
and 114% more efficient, respectively. 

Animals are traditionally finished for periods
longer than the optimum. Results shown in Tabl:. 10 
indicate that lower finishing periods are required by 
animals fed on the dura straw ration in both systems. 
Animals fed on the groundnut ration, especially in the 
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Table 8. Projected meat and dura prices 

Particulars 
Meat 
(kg) 

o 

Intercept 

Regression coefficient (B) 

T value 

Level of significance (%) 
F value 

Level of significance (%) 

Multiple regression 
coefficient (R 2 )% 

Coefficient of determination 

Degrees of freedom 
Average for last 3 years 
Projected price for 1985 

R% 

-13.4554 

+ 0.1808 

7.39 

0.01 

54.612 

0.01 

85 

92 

10 
1.371 

1.7326 

al US$ = 3 SDP. 

in Sudanese 

October 

-64.498 


+ 0.9967 

6.392 


0.01 


40.861 


0.01 


77 

88 

12 

16.66 


18.65 


pounds (SDP). a 

Dura (sack) 

November December 

-63.3604 

+ 0.9692 

6.530 

0.01 

42.642 

0.01 

78 

88 

12 

15.66 

17.61 

-64.4319 

+ 0.9692 

7.337 

0.01 

53.831 

0.01 

82 

90 

12 

14.67 

16.61 



Table 9. Returns to finishing at variable meat and dura prices per animal by system and type of ration after 10 weeks of finishing 
(in Sudanese pounds (SDP)).a 

Traditional rationa Semimodernized ration 

Parameters (1) (2) (3) (4) (1) (2) (3)
 

A. Value added at cut,-ent meat prices 203.21 213.30 164.92 224.28 233.79 249.37 244.92 

B. Value added at projected meat prices 291.64 303.42 246.93 316.24 337.33 355.52 350.32 

C. Finishing zosts at current dura prices 200.97 223.97 180.96 570.78 221.23 274.60 237.09 

00 D. Finishing :osts at project.ed dura prices 200.97 126.42 87.89 240.74 221.23 163.58 122.16 

E. Profits at: 
1. Curren: meat price and projected dura price 2.24 86.88 77.03 -16.51 12.56 85.79 122.762. Curren: dura price and projected meat price 90.67 79.45 65.97 -254.54 116.10 80.92 113.233. Projecte!d meat and dura price 90.67 177.00 150.94 72.45 116.10 191.95 228.21 

F. Returns tc capital at: 
1. Curren: meat price and projected dura price 1.01 1.69 1.88 0.93 1.05 1.52 2.002. Curren: dura price and projected meat price 1.45 1.35 1.36 0.55 1.52 1.29 1.493. Projected meat and dura price 1.45 2.40 2.81 1.31 1.52 2.17 2.88 

al US$ = 3 SDP.
 
bRations: (1) control based on current conventional ration (cottonseed cake (CSC)), 
 (2) dura straw ration, (3) groundnut hull 

ration, and (4) control based on normal conventional ration (CSC + dura grain). 

http:project.ed


Table 10. Returns and finishing per animal at optimum finishing period by system and type of 
ration at current meat and dura prices (in Sudanese pounds (SDP)).a 

Traditional rationb 	 Semimodernized ration 

Parameters 	 (1) (2) (3) (4) (1) (2) (3) 

Finishing period (weeks) 8.05 6.55 7.55 3.50 8.35 7.30 9.0 
Liveweight of animal (kg) 342.85 345.16 324.19 317.85 406.8 414.45 418.0 
Value of animal 508.78 512.22 481.10 471.69 603.7 615.04 620.31 
Less: 	 costs before finishing 324.65 324.65 324.65 324.65 384.30 384.30 384.30

value added (SDP) 184.13 187.57 156.45 147.45 219.4 230.7 236.0 
Less: total cost of finishing 

(SDP) 	 160.31 150.15 131.42 186.79 184.9 
 199.2 214.37
 
profit (SDP) 	 23.82 37.42 25.03 -39.75 34.5 31.5 2116 
returns to finishing (SDP) 1.15 1.25 1.19 0.79 1.19 1.16 1.10 

Length of normal season (weeks) 26 26 26 26 26 26 26 
Turnover (number) 3.23 3.97 3.42 4.00 3.11 3.56 2.8r 
Seasonal profits (SDP) 76.93 148.51 86.19 -159.0 107.4 112.2 62.42 

al US$ = 3 SDP.
 
bRations: (1) control based on current conventional ration (cottonseed cake (CSC)),
 

(2) dara straw-based ration, (3) groundnut hull-based ration, and (4) control based on 
normal conventional ration (CSC + dura grain). 



semimodernized system, take longer. Optimum finishing 
periods for the current control ration are, more or 
less, similar between the two systems. Losses from ani
mals finished on the normal conventional ration (CSC + 
dura) are minimum at 3.5 weeks of finishing. Further 
feeding greatly increases losses from those animals. 
Marginal returns to finishing are, more or less, similar 
between treatments except for the normal conventional 
ration (CSC + dura). However, seasonal profits vary 
between treatments and between systems. In both 
systems, the dura straw ration generated the highest 
seasonal profit. Because of the longer optimum fini h
ing period, seasonal profits reaped from the groundnut 
hull ration i.. the sernimodernized system are lower than 
those obtained by feeding the current conventional 
ration (CSC ration) in both systems. 
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FEEDING CONSERVED FORAGES TO TRADITIONAL 

CATTLE IN THE NUBA MOUNTAINS, SUDAN 

W. Trent Bunderson and Richard H. Cook 

Western Sudan Agricultural Research Project/Kadugli 
(WSARP), Agricultural Research Corporation, P.O. Box 

5141, Khartoum South, Sudan 

Abstract In-herd trials allow for the testing of 
promising technologies under producer conditions, while 
simultaneously exposing the producers to the potential 
benefits derived from adopting the technology. Hay
feeding trials conducted by the Western Sudan Agricul
tural Research Project (WSARP) with sedentary and 
transhumant livestock producers have provided impor
tant insights into the procedures and problems of 
designing and implementing livestock in-herd experi
ments with different producer groups. 

Experiences of WSARP suggest that trials imple
mented with producers can be divided into two basic 
categories: (a) researcher-managed trials controlled by 
researchers but using the producer's animals or land, 
and (b) producer-managed trials, which may include 
recommended practices for management of the technology 
but with the implementation determined by the pro
ducer. The principal function of the former is to eval
uate untested technology under the local conditions of 
the producer. This is particularly valuable for inter
ventions representing substantial departures from tradi
tional practices and concepts of management. Major 
advantages of trials in the researcher-managedmode are 
the low risk to producers, the early exposure of the 
target group to the new technology, and the ease of 
quantifying results through greater control over experi
mental conditions. Producer-managed trials should 
focus on pretested technologies, rather than on the 
introduction of unfamiliar technologies, the benefits of 
which are difficult for the producer to appreciate. 
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Resum5 Les essais faits sur les troupeaux 
permetten d'6prouver des technologies prometteuses 
dans leuvs conditions d'emploi par les producteurs, et 
en mtnme temps de pr6senter ' ceux-ci les avantages 
qu'ils tireraient de l'adoption de telles technologies. 
Les essais d'alimentation au foin menas par le WSARIP 
(Western Sudan Agricultural Research Project) avec les 
producteurs de b1tail, que les troupeaux soient saden
taires ou transhurnants, ont permis de mieutx coin
prendre le processus et les probl~mes touchant la 
conception et la mise en oeuvre d'experiences sur le 
betail en collaboration avec diffrents groupes de 
producteurs. 

L'experience du 1VSARP indique lie les essais 
men6s avec les producteurs petvent se diviser en deux 
grandes categories : (a) les essais men6s par les 
chercheurs sur les animaux ou la terre des produc
teurs; (b) les essais mends par les producteurs, qui 
peuvent comporter des directives sur la facon d'appli
quer les technologies, ma!.s laissent l'initiative aux 
producteurs. La fonction principale du premier type 
d'-ssais est d'(,valuer des technologies non encore 
6prouv6es dans les conditions d'utilisation des produc
teurs. Ce genre d'essai prend toute sa valeur dans le 
cas de techniques s'6cartant fonci~rement des pratiques 
e! des concepts traditionnels de gestion. Les princi
paux avantages des essais sous la direction des cher
cheurs sont : des risques moins 6lev6s pour les produc
teurs, ine prise de contact h6tive du groupe cible avec 
les notvelles technologies, et la facilit6 de mesurer les 
r~sultats obtenus grace a un plus grand contr6le sur 
les conditions d'exp6rimentation. Quant aux experiences 
men6es par, les producteurs, elles devraient porter sur 
des technologies d~j6 6prouv6es plutbt que sur de nou
velles mt hodes encore inconnues des producteurs et 
dont ceux-ci auront de la difficult6 6 6valuer les 
avantages. 

THE NUBA MOUNTAIN REGION 

The Nuba Mountain region is part of the overall 
target area of the Western Sudan Agricultural Research 
Project (WSARP), whose mandate is to improve the pro
ductivity and long-term stability of crop and livestock 
activities among traditional producers in Kordofan and 
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Darfur. Initial attention was focused on the Nuba Moun
tains for several reasons: 

(a) The area contributes significantly to both crop 
and livestock production in western Sudan and is re
garded by the regional and national governments as a 
priority area for agricultural development. 

(b) The size and density of the rural population is 
one of the highest of any rainfed area in the country. 

(c) The natural resources of the region are among
the most productive in the west, and, with the compara
tive economic advantage of the indigenous farming 
groups, the area offers high potential for improving 
agricultural productivity and the integration of crops 
and livestock. 

(d) The initiation of research was facilitated by 
considerable baseline information on specific aspects of 
the physical and agricultural environment and by an 
existing infrastructural component in the form of a 
functional research station. 

A brief description of the research area and target 
groups of the Nuba Mountains follows (detailed descrip
tions of the major livestock systems in the area are 
contained in Bunderson et al. (1984)). 

Human and Physical Resources 

The research area occupies approximately 30,000 
'm 2 in the Nuba Mountain region of southern Kordofan 

and has a rural population exceeding 700,0001 at a 
density substantially higher than any other area of com
parable size in western Sudan. The area lies within
the savanna zone of the Sudan-Sahelian belt and is clas
sified as having a hot, semi-arid climate with a mean 
annual rainfall ranging from 600 mm in the north to 
over 800 mm in the south. Rain varies considerably in 
amount and distribution from year to year, but falls in 

1 Calculated for 1985 from 1955/56 census informa
tion using trend line analysis at an estimated rural 
population growth rate of 1.8%/year. 
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a single season from June to October, leaving an 
extended dry season of 7 months. 

Topographically, the region is characterized by 
flat or gently undulating plains of cracking and non
cracking clays, interspersed with low hill ranges and 
their associated footslopes of coarser-textured sandy 
loams and clays. The hills and footslopes account for 
about 40% of the land surface with the plains occupying 
the remaining 60%. 

Rangeland vegetation is closely related to soil type 
and topography and, although typically heterogeneous 
in structure and composition, can generally be classified 
as wooded savanna dominated by medium-tall annual 
grasses with varying proportions of deciduous and 
evergreen trees and shrubs. 

Agricultural Activities and Target Groups 

The research area of the Nuba Mountains is a 
major crop-producing region and supports a large popu
lation of resident and migratory livestock (Hunting 
Technical Services, Ltd 1981), including 350,000 cattle, 
100,000 sheep, 300,000 goats, and an increasing number 
of camels currently estimated at double the 1975 figure 
of 35,000. Agricultural activities are dominated by two 
groups, a predominantly sedentary group of 
agropastoral tribes, collectively known as the Nuba, 
and the Baggara cattle-owning transhumants of Arab 
origin. 

The Nuba account for 85% of the population, 
produce 90% of the crops, and own 35-40% of the live
stock. Nuba groups are almost invariably located on or 
in close proximity to hill ranges, with their crop and 
livestock activities spanning the entire topoedaphic 
gradient from the shallow, sandy loams of the hilltops 
to the deep cracking-clay soils of the plains. Primary 
activities are centred on the hand cultivation of crops 
in a bush-fallow system that focuses on sorghum as the 
major field and food crop, with sesame, groundnuts, 
and cotton as the principal cash crops. Maize, cow
peas, and a number of vegetable crops are also grown 
for both subsistence and cash. Livestock production 
among the various Nuba tribes is based largely on a 
sedentary system of management dominated by cattle 
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and goats, although sheep and pigs are raised to vary
ing degrees depending on individual preferences and 
the influence of Islam. Patterns of resource use are 
characterized by relatively unrestricted grazing and 
high mobility, frequently involving a seasonal r-itenary 
sequence of movement between hilltops in t1-: ,. .y sea
son and the cracking-clay plains during the iry sea
son. 

In terms of priorities, Nuba farmers are concerned 
first with meeting their subsistence household needs for 
food on a year-round basis, a requirement largely 
dependent on cultivated crops. Surplus food and cash 
crops play an important role in achieving this objective, 
but these efforts are secondary to subsistence food pro
duction for the family. Livestock in the system func
tion not only as a source of protein in a starch-domi
nated diet but also as a stabilizing influence and 
income-generating activity for diversifying risk and as 
a sound investment strategy to expand or improve agri
cultural production. 

The Baggara transhumant tribes of the Hawazma 
and Meseriya represent about 10% of the population of 
the region but own 55-60% of the livestock and are 
among the most important producers of cattle, sheep, 
and goats in the province of Kordofan. The Raggara 
also extend well beyond the boundaries defined by the 
Nuba Mountain region and contribute significantly to 
domestic food consumption and foreign exchange earn
ings on a national basis. Production activities of the 
Baggara are animal-dominated with cultivation serving a 
limited, although important, function, primarily of sub
sistence. Cattle are the most important livestock 
raised, but considerable numbers of sheep and goats 
are also kept. 

Market interactions function primarily for 
short-term cash needs rather than opportunities for 
investment or security in times of stress. The tradi
tional strategy of investing an "apparent surplus of 
production" in the form of live animals is designed to 
off-set the fluctuation in herd size caused by high 
mortalities suffered during periods of severe drought or 
epidemic disease. Such strategies appear valid and 
well-justified, particularly under the current inflation 
rates of local currencies and material goods. 
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Livestock management involves a migration of 
varying distances to the more arid, sandier ranges in 
the north during the rainy season, returning to specific 
locations in the clay-dominated ranges of the south 
during the dry season. This traditional pattern of sea
sonal movement is essentially a well-adapted response to 
the availability of forage and water, changing environ
mental conditions, and the incidence of disease, para
sites, and insect pests. Although migration routes 
frequently penetrate well into north Kordofan during 
the rainy season, more than 80% of the year is spent in 
the Nuba Mountain region where supplies of forage and 
water are more plentiful. 

CRITERIA FOR DESIGNING AND IMPLEMENTING 
IN-HERD TRIALS 

Preliminary investigative surveys of both the range 
and animal resources in [he area clearly revealed that 
livestock production in the Nuba and Baggara systems 
was seriously affected by nutritional deficiencies during 
the dry season (Bunderson et al. 1984) and that diag
nostic studies were necessary to identify the exact 
nature of the nutritiona' ,roblem in terms of (a) the 
overriding or key nutritional factors involved, (b) the 
period(s) most limiting to the animal, (c) the class of 
animal most affected (age, sex, and physiological 
state), (d) the resulting impact on herd productivity, 
and (e) the cause-effect relationship of the problem. 

Diagnostic surveys (see Bunderson et al. l84) 
included evaluations of herd demographics and productiv
ity; the current condition and productivity of range
lands in relation to grazing, fire, cultivation, and wood 
cutting; and the nutritional and health status of live
stock by species and physiological age classes. 

Based on data from these studies, cattle were 
regarded as the most important species to address 
because of their high numbers and economic value in 
the region and because they appeared to suffer the 
greatest nutritional stress. Of the alternatives avail
able for alleviating nutritional constraints, supple
mentation using locally available products offered an 
attractive, short-term strategy for achieving a signifi
cant improvement in livestock production. Other 
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options involving the improvement and development of 
communally used resources (e.g., grazing management 
systems, range and pasture improvement, fire control, 
etc.) were not considered viable under the current 
system of land use due to the inability of producers to 
implement the necessary level of management and control 
over the use of the resource base. The last 60 days of 
the dry season were identified as the critical period 
necessary for supplementation with protein, energy, 
and phosphorus representing the most limiting nutri
ents (Fig. 1). Attention was focused on the adult 
breeding female, particularly those in lactation and 
pregnancy, because these animals are under the great
est stress during the late dry season and providing 
maintenance levels of protein, energy, and phosphorus 
to these animals could result in substantial improve
ments in both conception rates and survivability of 
adult animats and their calves. The relationship 
betweer, the dry season diet on offer and the re(quire
ments of cattle at different physiological states during 
the late dry season is shown in Fig. 1. Given the 
quality of the indigenous livestock, and the unstable, 
variable nature of the biological and economic environ
ment, it was considered impractical to supplement at 
levels above basic maintenance. 

Supi lemental feeds were evaluated to determine 
those most practical and cost-beneficial. Evaluations 
included some sesame-seed cake, legume hay, sorghum 
stover, anr harvested hay from native pastures. The 
advantages and disadvantages of these supplements are 

Sesame-seed cake: This is an oil-seed concentrate 
high in crude protein (35-40%), energy, and phosphor
us. The cake is produced locally, but supplies are 
limited because of the low number of presses in .he 
area (all traditionally operated using camel power) and 
the fact that most sesame is produced for export out of 
the province. Prices per 50-kg sack are currently 
40-50 SDP (1 US$ = 3 Sudanese pounds (SDP)) 
(Fadlalla, personal communication), excluding transpor
tation, storage, and feeding costs. Thus, the use of 
sesame-seed cake appeared prohibitive because of its 
high cost and low availability. 

Legume hay: Legumes generally provide a good 
source of protein (10-20% crude protein) and energy. 
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1Nutrient Level in Forage On Offer 
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Fig. 1. Comparison of dry-season forage levels of 
metabolizable energy, crude protein, and phosphorus 
with physiological requirements. For "dry-season for
age," nutrient levels were calculated using average 
values for the postflowering stage of grasses common to 
dry-season grazing areas. Total dry matter intake 
(DMI) was assumed to be 1.5% of body weight (Fadlalla 
198,, unpublished). This value is consistent with a 
20-25% reduction in food intake calculated from the 
decreased time available for grazing in the dry season 
(see text). For "phosphorus with physiological require
ments," nutrient requirements were calculated for a 250 
kg cow, growth = 0.25 kg/day and milk production = 
4.0 kg/day, frnm Kearls (1980). For "physiological 
requirement without and with walking," energy ex endi
tures for walking were calculated at 0.5 cal kg -3 m- I 

(Kearls 1980). 
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However, the proportion of legumes in both the native 
vegetation and under cultivation is low. Cultivated 
legumes are limited to groundnuts as sole crops and 
cowpeas as intercrops with sorghum and sesame. In
the initial evaluation, legume hay was precluded from 
in-herd feeding trials because of its limited abundance 
and the need for a relatively intensive, long-term
research effort to establish and promote methods for 
increasing the abundance of legumes in both the native 
vegetation and existing croppingthe system. 

Sorghum crop residues: Following the December 
and January harvest, sorghum residues are abundant 
but inefficiently used as livestock feed. The major
constraint to their efficient use is the shortage of
labour and the time necessary to secure conservation of 
the residue before being consumed by livestock in the 
field. This is related to the problem that, once har
vested, a field is open for communal use of the crop
residues. In terms of quality, sorghum stalks provide
about 3.8-5.5% crude protein, which was not considered 
high enough to justify its use as a feed supplement,
despite its abundance and low cost. 

Native hay: For rangelands in the Nuba 
Mountains, about 6% of the annual primary production,

compared to more than 25% in 
 other parts of Africa 
(Bunderson 1984) is utilized by grazing livestock. This 
is particularly true of the cracking clays that are used
by both sedentary and migratory livestock during the 
dry season when the available forage has declined 
sharply in both quantity and nutritional value. Given
the abundant and relatively high-quality forage on 
these soils during the growing season, efforts to con
serve hay at this time appeared to have several advan
tages over alternative supplements. 

Design and Implementation of Hay-Production Activities 

The harvesting and storage of native hay was 
undertaken with station resources for two basic rea
sons. The scientists were unsure of the outcome, and
it was unlikely that local farmers would allocate scarce 
resources for a new activity with unknown benefits. 

Efforts at and hayharvesting storing were 
designed to simulate as closely as possible the potential 
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methods and resources available to the producer. Har
vesting was accomplished using locally hired labour, at 
1.25 SDP/day, and hand-tools used traditionally in col
lecting grass for thatching during the dry season. 
Ideally, the operation depended on securing hay at a 
stage of growth that would supply an adequate level of 
nutrition without excessive risk of exposure to rain. 
Given the early maturing nature of most plants in the 
area, harvesting should take place during the first 2 
weeks of September just before flowering and some 40 
days before the end of the rains. 

Our initial effort at harvesting hay in 1982 failed 
because of spoilage caused by almost twice the amount 
and frequency of rainfall normal for September. A 
second attempt was undertaken in late September/early 
October in the same season, but the timing substantially 
reduced the quality of hay originally expected. Trans
port of the hay was carried out with a 6-t truck 
because of the distance between the harvested site and 
the research station. A total of about 7 t of hay were 
stored in loose 10-kg bundles placed on a platform of 
locally constructed material with sides 3 m high. The 
entire hay operation from start to finish required 
approximately 50 man-days over a period of 2 weeks 
(i.e., 140 kg/man-day). 

In the 1983 season, we expected to produce 
better-quality hay, but problems were encountered simi
lar to those of the previous year. In addition, a lower 
quantity of hay was harvested, while ox-drawn carts 2 

were used for hay transport. 

Design and Implementation of On-Farm Feeding 
Trials 
On-farm feeding trials were considered to offer 

greater advantages over on-station experiments by 
demonstrating any potential pay-off to the producer and 
shortening the period necessary for the transfer of 
technology. Such trials also provide a more relevant 

2 Animal draft is under test by WSARP and the 
Nuba Mountain Rural Development Project as a potential 
labour-saving intervention for improving the timing and 
efficiency of crop-related activities with traditional 
producers. 
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context in which to evaluate hay-feeding to traditional 
cattle, and with the experience and improved under
standing gained from the interaction, modifications can 
then be designed to make the technology more compat
ible with the objectives and priorities of the producer. 

Feeding trials using native hay consisted of 
producer- and researcher-managed experiments in 1983 
and 1984, respectively. The producer-managed trials 
involved two separate groups; five Baggara trans
humants from the same cattle camp, and two Nuba 
farmers from a specific village. The researcher-man
aged experiment involved only one Nuba farmer but was 
desig ned to clarify the inconcluisive results obtained 
from the previous season's producer-managed trials. 
Details of these experiments follow. 

Producer-Managed Trials in 1983 Producers 
selected for participation in the feeding trials were 
invariably individ uals hadwho developed a long-term
association with project staff du ring the cou rse of 
exploratory and diagnostic surveys. The advantage of 
choosing these producers was that they. were familiar 
with the objectives of the project and the type of 
research being conducted. They also appreciated that 
these efforts were aimed at improving their agricultural
production and overall livelihood. Because of tnese 
factors, cooperation was greatly facilitated in conduct
ing experiments that involved the handling of animals. 

Additioial motivation providedwas by simply
sipplying ti-e hay free of cost. The design of the trial
 
involved a oO-day 
 period of hay supplementation, from 1 
April to 1 June, to nonpregnant, nonlactating female 
adults. Although we originally planned to use lactating
females, a complication was caused among the Baggara
who sometimes supplement a portion of their milking
animals with sesame-seed cake, when this is available. 
(The practice is usually limited to Baggara groups
located adjacent to urban centres where there is a high
demand for milk and where sesame cake is more likely
to be available.) The purpose of this practice is to 
improve household income through increased milk sales 
to urban populations during the dry season when the 
SUl)yly of fresh mill< is low. We, therefore, opted for 
nonlactating, nonpregnant females to avoid disrupting
this practice and any problems that could obscure the 
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results of the hay-feeding experiment. Within the 
physiological age class specified, the selection of 
animals was left to the producer. For the Baggara, a 
total of 20 cattle were supplemented, but divided into 
groups of four animals from each of five producers, 
with an equal number of control animals of similar age 
and physiological state. The same procedure was car
ried out with the two Nuba farmers, except that only 
six animals were supplemented, four from one producer 
and two from the other. It was also hoped that the use 
of nonpregnant, nonlactating females would help reduce 
experimental errors associated with the small sample 
size. 

Recommen lations were made to each producer to 
feed approxin tely 10 kg of hay to each group of four 
animals on a daily basis (determined at half the dry 
matter intake from grazing for a 200-kg animal). Nor
mal grazing, watering, and herding patterns were to be 
followed with no separation of the supplemented or con
trol animals from the rest of the herd during these 
activities. The only introduced change was the feeding 
of hay in the evening following the usual afternoon 
grazing period. The feeding of hay was the responsi
bility of the producer household, and this was facili
tated by erecting a small thorn-bush enclosure to 
separate the supplemented animals from the rest of the 
herd, as well as from other species of livestock, during 
the feeding period. flay used by producers was trans
ported by station staff in sufficient quantities to feed 
animals for a period of 10 days. Storage of these 
10-day supplies was accomplished by placing the hay on 
the roof of a simple wood and straw structure used 
traditionally by most transhumant households. 

The major parameter of interest was a comparison 
of weight change between supplemented and control 
groups during the supplement period. Animal weights 
were recorded at the start and end of the experiment 
using a 500-kg capacity, portable livestock scale that 
could be loaded onto the back of a large truck or 
pulled on wheels behind a smaller vehicle. For each of 
the two locations, a corral and crush made from local 
vegetation was constructed to facilitate the weighing 
process. These enclosures were only temporary and 
could be built for about 35 SDP in 1 day. 
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A number of other observations were recorded
during the course of the experiment, including animal
illnesses, mortalities, and the general pattern of feeding
as managed by individual producers. Most of these
observations were qualitative in nature and were con
ducted by one technician, occasionally accompanied by asenior scientist, during an average of 6-8 visits/month
for each location. No attempt was made to measure the
actual quantities of hay offered and consumed by ani
mals on a daily basis for each producer group, althougha general assessment of these factors was made visually 
during visits. 

Apart from the livestock mentionedscale earlier,
the resource most heavily used was. a 4-ton four-wheel
drive truck. This type of vehicle was necessary
because of the rough terrain and poor roads in the area
and also for transporting the hay at 10-day intervals to
the producers at each location. The vehicle was
required for all visits to the Nuba community, which
involved a round-trip distance of about 25 km and
travel time of 1.5 hours. Trips to the Baggara groupwere much closer (about I km away) because they were
settled for the dry season near a traditional watering
point located adjacent to the research station. Visits tothis grcup for recording observations were usually made 
on foot. 

Methods for evaluation involved standard statistical
procedures for assessing weight differences between 
control and supplemented animals eachin group. Eco
nomic analyses were based on the quantitative costs of
harvesting, transporting, storing, and feeding the hay

in relation to the more qualitative, biological benefits

gained through improved survival and reduced 
 weight
loss. Producer perceptions of the results were based 
on informal interviews, focusing on the producer's
evaluation of his ability and willingness to undertake 
the intervention using his own resources. 

Researcher-Managed Trial of 1984 This trial wasdesigned to achieve a higher level of control over the
feeding of hay to establish better the costs and poten
tial value of the forage to lactating animals during the
dry season. The trial differed from the producer
managed experiments in several ways: 
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(a) The feeding operation was managed by 

researchers to maximize the biological potential of the 

intervention and to measure accurately the daily intake 

of hay on offer; 

(b) A change in grazing practices for the sup

plemented animals was introduced by replacing the 
afternoon grazing period with the feeding of hay, the 
principle being to reduce the probable energy deficit 

associated with the afternoon search and intake of poor

quality forage, the availability of which was severely 
limited; 

(c) Lactating animals were selected for sup

plementation, because any other class would be likely to 
produce a clear benefit in terms of increased produc
tivity ; 

(d) For reasons discussed later, the Baggara were 
regarded as an inappropriate group for the intervention 
and were, therefore, excluded from the trial; 

(e) Only one producer was involved, namely a 
Nuba with a relatively large herd, which could reduce 
experimental errors and logistical problems caused by 
using animals from numerous producers; 

(f) Two research assistants were stationed, 

full-time, in the field to manage the feeding operation 
and to record the daily quantities of hay provided to 
(ad libitum) and ingested by supplemented animals; 
they also reported any irregularities or problems, such 

as animal mortalities, occurring during the feeding 
period; and 

(g) Gastrointestinal and hemoparasitic status of 
supplemented and control animals was assessed at the 
start and end of the experiment to determine possible 

complications caused by these factors; resource require
ments of this aspect of the trial included a centrifuge, 
mobile refrigerator, and microscope, and approximately 
10 man-days of field and laboratory work. 
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RESULTS AND DISCUSSION 

Trials with Nuba Cattle (1983/24) 

Chemical analysis of the hay fed for both years
showed a crude protein content of only 4.2-4.5%. Thiswas considerably below the expected crude protein level
of 6-8%. The basic constraints faced in producing
high-quality hay thewere time and labour required to
harvest early maturing pastures at a peak stage ofnutritive content, without the risk and damage of rain
during the last month of the wet season. 

Changes in cattle weights for the producer
managed experiment of are1983 shown in Table 1. 'Thesupplemented group lost significantly less weight (33%)than the control, but the difference was not sufficiently
dramatic for the producers or researchers to see a clearproduction benefit. (This is mainly due to the factthat nonproductive animals were hay.)fed Although
this was influenced by the hay quality fed (see Fig.
2), the design of the experiment made it difficult toassess the actual contribution of the hay to the noted 
group differences. 

In the 1984 researcher-managed trial, weight
changes between the supplemented and control groups
over the 6 0-day period of feeding are presented inTable 2. The results show no difference in weight loss
between the groups at the 99% confidence level,
demonstrating no advantage of feeding hay lactatingfemale cattle during the 

to 
late dry season. TYhis is sup

ported by data on the dry matter consum- ion of hay
by supplemented animals (see Table 3), which show thatthe average hay intake of 2.5 kg/animal per day, at acrude protein content of 4.5%, would supply only 25-'0%
of the total protein required by lactating cows produc
ing 1 kg of milk per day. By adding this quantity tothat calculated for grazing, lactating animals would
show a protein deficit of 45-50% for the last 2 months of 
the dry season (see Fig. 3). 

Total labour costs associated with the production
and feeding of hay over the 60-day period were 1.86 
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Table 1. 	 Weight changes in control and hay-supplemented groups of Nuba cattle over the 
period 1 April to 1 June 1983 (nonlactating and nonpregnant females). 

Supplemented group Control group 
1 April I June 1 April 1 June 

Animal weight weight Percentage weight weight Percentage 
number (kg) (kg) change 	 (kg) (kg) change 

1 	 200 175 -12.50 207 181 -12.56
 
Un 2 273 235 -13.92 	 240 189 -21.25
0- 3 191 177 -6.84 	 211 171 -18.96 

4 	 248 214 -13.71 227 183 -19.38
 
5 	 141 124 -12.06 154 132 -14.29 
6 	 184 168 -8.70 174 149 -14.37 

Total 1237 1093 -	 1213 1005 
a
Mean 206 182 - 1 1.2 8 a 	 202 167 -16.80
 

Range 141-273 124-235 6.84-13.92 154-240 132-189 12.56-21.25 

aMean weight changes for the control and supplemented groups are significantly 
different at the 0.05 probability level. 

http:12.56-21.25
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B = 15 g Phosphorus, 300 g C.p., 
12 Meal Of M.E.
 
C =10 g Phosphorus, 
200 g C.p., 8 Meal Of M.E. 
D =5 g Phosphorus, ioo g C.p., 4 Mcal Of N.E. 
E = 0 g Phosphorus, 0 g C.P., 0 Mcal of M.E. 
S = Supplied from Supplement 

G = Supplied from Grazing 

D'= Quantity Deficient
 

Fig. 2. A 1983 hay-feeding trial with nonlactating/
nlonpregnant cows. 

SDP/anjrnal with a capital cost 3 of 2.81 SDP includingthe use Of oxen-drawn carts. The overall Conclusion~that becausewas of the conflicts in labour demands 

3CaptalCost including transport costs using cartand pair Of oxen. Of these, 80% 
a 

were recurrent costsfor spare parts and supplemental feed forduring the the oxendry season and p.0% for annual payment forthe cart. 
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Table 2. Weight changes in control and hay-supplemented groups of lactating Nuba cattle 

from 15 April to 15 June 1984. 

Animal 
number 

Supplemented group 
15 April 15 June 

weight weight 
(kg) (kg) 

Percentage 
change 

15 April 
weight 

(kg) 

Control 
15 June 
weight 

(kg) 

group 

Percentage 
change 

1 
2 
3 

4
5 

256 
250 
207 

246 
242 

210 
224 
171 
211 
203 

-17.97 
-10.40 
-17.39 
-14.23 
-16.12 

234 
260 
263 
182 
238 

200 
227 
234 
Died 
206 

-14.53 
-12.69 
-11.03 

-

-13.45 

6 
7 
8 
9 

246 
201 
230 
214 

221 
164 
196 
180 

-10.16 
-18.41 
-14.78 
-15.89 

283 
216 
209 
232 

254 
179 
186 
193 

-10.25 
-17.13 
-11.00 
-16.81 

Total 
Meana 
Range 

2092 
232 

201-256 

1780 
198 

164-224 

-
-1504 b 

10.16-18.41 

2117 
235 

182-283 

1679 
210 

179-254 

-
-13.36 b 

10.25-17.13 

aMean weights and changes for the control exclude the death of animal no. 4. 

bMean weight changes for the control and supplemented groups are not sigr-dficantly 

different at the 0.01 probability level. 



Table 3. Relationship between mean daily quantities of hay offered, refused, and ingestedby the supplemented group of cattle over 10-day intervals during the period of feeding, 
1984. 

Mean weight Quantity of Quantity of Quantity of Mean quantity Hay ingestedof groupa hay offered hay refused hay ingested ingested/animalPeriod (kg) as % body(kg) (kg) (kg) (kg) weight 

16-25
 
April 230 
 37.8 
 10.7 
 27.1 
 3.01 
 1.31
 

26 April

- 5 May 226 32.0 
 7.0 25.0 
 2.78 
 1.23
 

6-15 May 
 221 26.1 
 5.0 21.1 
 2.34 
 1.06
 
16-25 May 215 
 26.2 
 4.7 21.5 
 2.39 
 1.11
 

26 May 

4 June 208 
 23.2 
 4.6 18.6 
 2.07 
 1.00
 
5-14 June 201 21.6 
 3.8 17.8 
 1.98 
 0.99
 

aMean weights for the group in consecutive 10-day intervals was calculated by assumingthat 40% of the total weight lost by the group over the period of supplementation occurredduring the first 30 days with 60% during the last 30 days. 
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A = 20 g Phosphorus, 400 g C.P., 16 Mcal of M.E. 

B = 15 g Phosphorus, 300 g C.P., 12 Mcal of M.E. 

C = 10 g Phosphorus, 200 g C.P., 8 Mcal of M.E. 

D = 5 g Phosphorus, 100 g C.P., 4 Mcal of M.E. 

E = 0 g Phosphorus, 0 g C.P., 0 Mcal of M.E. 

S = Supplied by Supplement 

G = Supplied by Grazing
 

D'= Quantity Deficient
 

Fig. 3. A 1984 hay-feeding trial with lactating cows. 

between hay and cropping activities and the physical 

restrictions on producing hay of sufficient crude 

protein content, alternative supplements needed to be 

examined. 
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Trials with Baggara Cattle (1983) 

The results of the producer-managed trials withBaggara transhuma,its were virlually impossible toevaluate on a quantitative basis because of the influenceof the human element in how the experiment was managed. In contrast to the sedentary producer, the hayprovided to each transhumant was frequently fed toanimals that not ofwere part the experiment, mainlydonkeys and sick animals. Although this reflected theirperception of how best to utilize the hay, andanimals to feed it to, the 
what 

effect interfered with thedesign of the experiment to the point where variations
in feeding could nci be quantified. An additional prob
lem was encountered during the scheduled weighing atthe end of the experiment when a portion of the herds,
chiefly nonlactating animals, had started their treknorthward with the young men of the household in response to earlythe rains. This fact coupled with
four deaths in the control group, and one death in thesupplemented group, made propera statistical evaluation impossible. The mortalities themselves had questionable significance on the effect of feeding haybecause the cause(s) of death were unknown. Becausethe migratory patterns of Baggara households do not
facilitate convenient control over the critical period ofhay harvesting during the rainy season, the heavy
physical labour involved is unfamiliar to most trans
humants, and the larger size of their herds requiresthe harvesting and storage of considerable quantities of
hay, the Baggara were considered ill-suited for the
 
intervention.
 

Future Recommendations 

Based on experiences gained, WSARP is currently
using researcher-man aged trials to address more appro
priately the nutritional constraints of livestock in theNuba Mountains. Preliminary estimates of the limiting
nutrients, critical period of supplementation, and classof animal to feed, still appear valid (see Fig. 1). Interms of quality, the bottom line for an adequate supplement is 6-8% crude protein, which for native haywould require mechanization beyond the capabilities oftraditional producers. Several alternative supplements
are under examination for meeting most, if not all, of 
the criteria specified above. 
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Sorghum stalks represent an abundant, readily 
accessible crop residue, the use of which would pose 
minimal conflict with other cropping activities. Recent 
studies on feeding behaviour in the dry season indicate 
a preference by cattle for sorghum residues over the 
natural vegetation. However, the protein content of 
the residue is not adequate to provide even maintenance 
levels if fed alone. Because the potential exists for 
expanding legume production among traditional groups, 
combinations of legume hay/sorghum stalks could pro
vide supplements containing 8-10% crude protein, thus 
supplying 60-80% of the total crude protein requirements 
for lactating cattle; a significant proportion of the 
metabolizable energy would also be supplied, the 
balance likely being obtained through normal grazing. 
The total benefit from the legume portion would come 
from its contribution to dietary protein, which improves 
both intake and digestibility to the grazing diet. 

The major constraint to the introduction of forage 
and grain legumes on a larger scale than presently 
exists in the region is that the legume crop may com
pete directly for land and labour resources currently 
used by the producer for his traditional cropping 
activities. This problem, together with the time, cost, 
and effort necessary to conserve both legume hay and 
sorghum residues, represents the major obstacle being 
addressed through adaptive research trials. These 
trials are examining (a) dual-purpose legumes for grain 
and forage, which are intercropped with sorghum and 
sesame, rather than cultivated as sole crops; (b) live
stock supplementation with legumes and combinations of 
sorghum stover and legume hay to meet crude protein 
maintenance requirements for lactating or pregnant 
animals; (c) reducing the conflict in labour allocation 
between the production of food/cash crops and forage; 
and (d) improvements in the construction and life 
expectancy of ox-drawn carts to integrate better crop 
and livestock activities through a more cost- and 
labour-efficient harvest of crops and crop by-products. 
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DEVELOPMENTAL APPROACH ''0 ON-FARM RESEARCH: 
PILOT PROJECT FOR IMPROV "NG SMALL RUMINANT 

PRODUCTION IN HUMI', WEST AFRICA 

Akwesi Atta-Krah 

Small Ruminant Programme, International Livestock
 
Centre for Africa (ILCA), PMB 5320, Ibadan, Nigeria
 

Abstract On-farm research forms an integral part 
of the research strategy of the International Livestock 
Centre for Africa's (ILCA's) Small Ruminant Pro
gramme. It provides information and ideas to assess 
and enhance the relevance of proposed interventions, 
such as alley farming, to the small ruminant production 
system. Alley farming intervention seeks to improve 
small ruminant production by linking it with arable crop 
production through the use of fast-growing leguminous 
trees for fodder and mulch. 

The development of the prograia's on-farm alley 
farming research is analyzed from the first on-farm 
planting in 1980 through to the initiation of a govern
ment-sponsored pilot alley farming project in 1984. The 
pilot project, which is the focus of this paper, is being 
carried out on 68 farmers' farms and with farmers' ani
mals. ILCA's involvement is limited to supplying browse 
seed, planting and management suggestions, and vac
cination against Peste des Petits Ruminants (PPR), a 
major disease in small ruminants in the tropics. Its 
main role is to monitor and evaluate alley farming under 
different kinds of farmer management in a range of en
vironments. 

The methodology adopted for this kind of research 
is discussed and the significant problems and opportuni
ties created are outlined. Initial results indicate that 
given the right approach, and a farmer-relevant propos
al, farmers are willing, even without credit, to experi
ment with new ideas. Suggestions are made concerning 
the nature and analysis of the data derived from the 
project. 
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Resume La recherche sur terrainle faitintegralement partie lade strat~gie de recherche duProgramme sur les petits ruminants du CIEA (Centre
international de '16 levage pour l'Afrique). Elle fournitdes renseignements et des idees pour evaluer et
ameliorer le bien-fond6 des propositions d'interventions 
qui, comme la culture intercalaire, visent le systeme deproduction des petits ruminants. Ainsi, la culture
intercalaire a pour but d'amliorer la production des
petits ruminants en liant celle-ci ' la production agri
cole grace a l'emploi de lgumineuses arbustives 
croissance rapide comme fGurrage et paillis. 

a 
L' 6laboration du proi;ramme de recherche sur laculture intercalaire est ici analys~e a partir de lapremiere plantation agricole, en 1980, jusqu'au lance

ment, en 1984, d'un projet nilote de culture intercalaire
parrain6 par le gouvernement. Ce projet pilote, qui estle sujet de cette communication, se d~roule dans 68
exploitations appartenant a des agriculteurs et porte
sur les animaux de ces exploitations. L'apport du CIE'A se limite 6 l'approvisionnement en semences pour lespaturages, a des con seils pour l'alimeniation et lagestion, et 6 la vaccination des bhtes contre la "peste
des petits ruminants (PPR)," maladie commune chez les
petits ruminants des zones tropicales. La fonctionprincipale du seCIEA r~sume donc ' suivre et a6 valuer les cultures intercalaires des diverses faqons
qu'elles sont pratiquees dans des environnements 6gale
merit divers. 

On discute, au cours de la communication, de lamethodologie adopt6e pour ce type de recherche; onrelive les probl~mes importants et les ouvertures nou
velles. Les premiers resultats indiquent que, si labonne approche est adopt~e et s'appuie sur des propo
sitions int 6 ressantes pour l'agriculteur, ce dernieraccepte volontiers, meme sans decredit, faire l'essai denouvelles techniques. Les notes finales concernent lanature et l'analyse des donn~es fournies par le projet. 

On-farm research (OFR) forms an integral part ofthe overall research strategy of the International Live
stock Centre for Africa's (ILCA's) Humid Zone Programme based in Ibadan, Nigeria, and is used to gaininformation and ideas particularly related to therelevance of proposed changes in smallthe ruminant
production system. Two main types of on-farm 
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research are carried out by ILCA. The first is trials 
for the evaluation of various veterinary treatments, and 
the second is agronomy trials based on a fodder inter
vention (alley farming). The veterinary trials are 
designed and executed very much like traditional 
research-station trials, with treatments, replications, 
randomizations, and so forth; the data can be stati
stically analyzed. Such trials require a high degree of 
control by the researcher, even though farmers are 
automatically involved in that their animals are being 
used.
 

The on-farm agronomy trials, on the other hand, 
are without specified treatments and replications and 
aim at the assessment of the relevance, workability, and 
acceptability of proposed interve.itions (usually devel
oped in station research) to farmers. Such trials are 
essentially flexible and allow the further development of 
the proposed systems by farmers under different 
management and environmental conditions. These 
"trials" employ extension procedures, rather than those 
of traditional research, to maximize farmers' involvement 
and achieve total farmer control and responsibility. 

ILCA's on-farm agronomy work is based on alley 
farming, which is the cultivation of crops between rows 
of fast-growing leguminous trees that are managed to 
provide nitrogen-rich mulch for crops and high-protein 
fodder for small ruminants. Alley farming was devel
oped from the alley cropping concept originated by the 
International Institute of Tropical Agriculture (I[FA) 
(Kang et al. 1981) and links crop and animal produc
tion, aiming at sustained crop productivity as well as 
improved small ruminant production (Sumberg 1984). 
Alley cropping is considered an improvement on the 
traditional bush-fallow system in that it has potential 
for checking degradation of the soil and rapid declines 
in soil fertility and crop yields (Wilson and Kang 1980). 

On the basis of the existence at JITA of a 
comprehensive buk'y of knowledge from on-station 
research on alley cropping, not much basic research 
work was embarked upon by ILCA before the commence
ment of OFR activities. ILCA's major concern was how 
the alley cropping idea could fit into the traditional 
farming systemn for the integration and improvement of 
crop and livestock production and what modifications 
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would be needed to make it more practicable and rele
vant under farmer conditions. It was also ILCA's con
cern to identify new and relevant areas of research that 
require further instudy on-station trials. 

ILCA's on-farm alley farming research began in
1981 on a farm at Laperi, near Ibadan. By June 1983, 
a total of 16 farmers had established and were managing
alley farms with varying degrees of commitment and 
success (Atta-Krah 1983). The model itself has gone
through numerous modifications and focusits has 
changed considerably from a specialized animal feed
production strategy to an overall improvement of the
farming system. The level of farmer participation,
control and responsibility has increased gradually
during the period, whereas that of the researcher has
declined. The results achieved and the experience
gained from these on-farm activities have culminated in 
a government-sponsored pilot project aimed at improving
small ruminant production systems in southwest Nigeria. 

This paper describes the approach and method
ologies adopted for this combined research and develop
ment project. It illustrates the need for closer links 
between research and extension in the development and
evaluation of a technology before its incorporation in a 
national development plan. 

PILOT PROJECT 

The project was initiated in November 1983, by the 
Livestock Project Unit (LPU), a World Bank-sponsored 
arm of the Nigerian Federal Livestock Department. It
is based largely on ILCA's alley farming model, which
has two components: (a) the establishment of a 0.3-ha
alley farm with Leucaena leucocephala and Gliricidia 
sepium (farmer responsibility), and (b) annual vac
cination against Peste des Petits Ruminants (PPR), a
viral disease causing major mortalities in small ruminants 
(carried out by ILCA). 

ILCA monitors and evaluates the project in addition 
to having technical responsibility for it. Designed to 
involve about 60 farmers in year one, the project
presents a unique opportunity for ILCA to monitor alley
farming under different kinds of management in a range 
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of environments. It also represents a logical extension 
of ILCA's research program in that it focuses on 
improving existing production systems rather than 
attempting to Fzubstitute new ones. 

The project was originally conceived by the LPU as 
a pilot loan program for small-scale sheep and goat pro
ducers. The loan, 400.00 Naira (1 Naira (NGN) = US 
$1.30) per farmer, extending over 2 years, was meant 
to cover costs of establishing the alley farms, veteri
nary care, and constructing housing for farmers' small 
ruminants. It was to be administered, on behalf of the 
LPU, by the State Department of Cooperatives. The 
Department was also expected to help idcntify a site 
and farmers and to be responsible for the repayment of 
the loans. Following ILCA's expression of concern over 
involving farmers unnecessarily with credit, the loan 
component was dropped, and the involvement of the 
Department of Cooperatives ended. 

APPROACH AND METHODOLOGIES 

An activity schedule covering the first 2 years of 
the project is shown in Tab)le 1. This schedule was 
needed to give direction to the project and to assess 
the progress made over time. The different kinds of 
activities to date are described in the following. 

Tree Seed Production 

Between December 1983 and March 1984, ILCA put 
considerable effort into collecting and processing seed 
of Leucaena and Gliricidia. Leucaena seed was collected 
from improved materials (mainly K8 and K28 cvs) 
planted within the compound of I[FA in Ibadan, but 
Gliricidia was collected from unimproved local materials 
growing in and around Ibadan and Oyo towns in south
west Nigeria. Approximately 70 kg of Gliricidia and 45 
kg of Leucaena were collected and processed during the 
period. 

Site Selection 

This exercise was crucial, because an inappro
priate choice could easily have led to the collapse of the 
project. The selection involved extensive traveling, and 
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Table 1. Integrated alley farming model activity 
schedule. 

Time 	 Activity 
1983 
Oct 	 Site selection and village contacts (ILCA)
Nov-Dec 	 Potential participating farmers enlist 

1984 Collection and processing of browse seed 
Jan begins (ILCA) 

Vaccination of sheep/goats with TCRV 
(tissue-culture rinderpest vaccine) (ILCA 
- vaccine supplied by LPU) 

Jan-Mar 	 Land preparation (farmer) 

Feb-Mar 	 Train stafftechnical (including LPU 
extension officer) (ILCA) 

Apr-May 	 Plant fodder trees plus first-season crop 
(farmer) 

May 	 Follow-up vaccination - TCRV (ILCA) 
LPU extension technician takes residence 
in pilot village 
Periodic farm evaluation begins (LPU/ 
ILCA) 

Aug 	 Harvest first-season crop (farmer) 

Sept 	 Plant second crop (farmer) 

Dec 	 Harvest second crop (farmer) 

1985 
Jan-Dec 	 Project evaluation (LPU/ILCA) 

Apr-May 	 Prune trees for mulch and feed, plant 
first-season crop in alleys 

May-Jul 	 Maintain farm, prune trees as needed, 
develop routine browse use program 
(farmer) 

Aug-Jan 	 Continue cropping, prune trees for mulch
 
and feed
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aerial surveys within two local government areas of Oyo 
State, Nigeria. 

Oyo State was selected out of the 10 states in the 
humid zone of Nigeria simply on the basis of proxi
mity. The intensive monitoring required for on-farm 
research makes proximity an important consideration in 
site selection. The criteria for selecting pilot villages 
were (a) evidence of active arable farming, and (b) 
evidence of interest in small ruminant husbandry. The 
first criterion was measured on the basis of numbers, 
distribution, and quality (level of management) of farms 
in the area, whereas the second was determined simply 
on the population and distribution of sheep and goats in 
the community. Two villages in the Ejigbo Local Govern
ment Area, Owu-Ile and Iwo-Ate, appeared to satisfy 
these criteria and were selected as pilot villages. Both 
lie in the transition zone between forest and savanna; 
there are, therefore, both forest- and savanna-type 
farms in the region. 

Preliminary Village Contacts 

Following the identification of the villages, the vil
lage chiefs were contacted and village meetings organ
ized to present and discuss the proposed project. Two 
meetings were held in each village between October and 
November for this purpose. These initial contacts are 
critical in any on-farm research program and must be 
orchestrated to capture the interest of the farmers. 
Brightly coloured posters, depicting various stages in 
the establishment of an alley farm, were distributed to 
farmers at these first meetings. In addition, samples of 
browse trees and browse seeds were displayed. It is 
essential that critical issues such as funding, credit, 
and the respective commiitments and responsibilities of 
the parties involved are outlined to avoid misunder
standings and misconceptions at these initial stages. 

Introductory Field Tours 

A farmer's perception and understanding of a 
proposed innovation is greatly enhanced if the innova
tion can be seen in practice under conditions similar to 
the farmer's own. The use of research-station trials 
for this purpose can be counterproductive, as the 
farmer may oe distracted by the many ongoing trials on 
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the station, and is also likely to see the research 
station as unreal and foreign. To this end, visits were 
organized for them to some of the early farmers' alley
farms in the Fasola and Ikire areas. Fasola is a village
30 km west, whereas Ikire is about 80 km southeast of
the project site. Farmers in the two pilot villages were 
taken on two separate days to visit the old farms at the
Fasola and Ikire areas. This gave them an opportunity
not only to get a better idea c< what alley farming
involved but also to interact and exchange ideas with 
active alley farmers. They also saw the farmers' sheep
and goats feeding on Leucaena and Gliricidia leaves.
After these visits, 45 farmers in Owu-Ile and 33 in 
Iwo-Ate registered to participate in the project. The 
only condition of participation was the farmers' convic
tion in the potential of the system and their willingness
to give it a try. The issue of compensation was con
sidered irrelevant and no incentives were given or
promised. ILCA, however, agreed to provide the tree 
seeds and LPU would supply the tissue-culture rinder
pest vaccines (TCRV) - at cost to theboth no farmer. 
The estimated costs for the seeds and vaccines required 
per farmer were 1.50 NGN and NGN4.50 (for 3-4 
animals), respectively. 

Baseline Farm Survey 

To .-ssess the suitability of various farms intended 
for the project, the farms were inspected between Novem
ber and December of 1983. A total of 74 farms, 43 Jp
Owu-Ile and 31 in Iwo-Ate (Table 2), were inspected
and registered for the project. Five farms were re
jected on the basis of evidence of poor farm management 
or intense shading from tree crops, such as orange,
kola, and cocoa. An observation sheet and a short 
questionnaire were filled out for each farm to provide 
some baseline information. The questionnaire covered 
such areas as cropping patterns and rotations, manage
ment practice (weeding, ridging, mounding, etc.),
duration of fallow and cropping, labour availability and 
utilization, and land ownership and tenure and small
ruminant ownership. 

Vaccination of Sheep and Goats 

The major animal health input was administered in
January 1984, with the vaccination of 687 sheep and 
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Table 	 2. Distribution of farms registered for alley
farming in pilot villages, November 1983. 

Owu-Ile Iwo-Ate 
Forest Savanna Forest Savanna 

Cropped farms 20 11 10 17 

Fallow 	 farms 10 2 1 3 

Total 	 30 13 11 20 

Village 	total 43 31 
Grand 	 total 74 

Table 3. Summary of animals vaccinated at two pilot 
villages, January 1984. 

Vaccination records Owu-Ile Iwo-Ate Total 

Number of sheep vaccinated 91 24 115 

Number of goats vaccinated 280 292 572 

Total number of animals 
vaccinated 371 316 687 

Number of small ruminant 
owners participating 108 114 222 

Participants owning 
sheep (M) 34 12 -

Participants owning 
goats (%) 91 97 

Number of animals/participant 3.4 2.8 
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goats with TCRV. A summary of the vaccination 
records is given in Table 3. 

A follow-up vaccination exercise was conducted in 
May to cover animals that were not vaccinated in the 
first campaign. One hundred and sixty-nine farmers 
benefited from the exercise; more than 600 animals were 
vaccinated. 

Vaccination was open to all inhabitants the twoof 
villages, and, as a goodwill gesture, no fee was 
charged. It was later apparent that this "free service" 
had created some suspicion arising from a strong feeling 
among the farmers that "nothing goes for nothing." In 
the future, it may be advisable to charge a nominal fee 
for such services. 

Land Preparation and Planting 

Throughout February March farmersand 1984, 
were busy clearing and preparing their various farms 
for planting. ILCA senior technicians visited the site 
daily to inspect farm operations and exchange ideas 
with farmers. This was part of a strategy designed to 
gain their trust. 

During the same period, two village meetings were 
held in each village to discuss planting arrangements
and techniques with farmers. This was necessary as 
planting was to be done by the farmers without direct 
supervision. The discussions emphasized planting
depth, seeding rate, and spatial and species arrange
ment for both arable and tree crops. In late March,
after the meetings, planting demonstrations were organ
ized by ILCA on two separate days in the two villages.
At each village, the demonstration was held on ofone 
the farmers' farms, and all farmers were encouraged to 
participate. Issues covered in the demonstration in
cluded estimation of spacing for the tree rows and 
alternation of Leucaena and Gliricidia rows. About 50 
farmers from the two villages participated in the exer
cise. Tree seeds, 450 each of Leucaena and Gliricidia, 
were distributed to the farmers after the demonstration. 

The farmers' interest was very much reflected by
their response after the planting demonstration; most 
farms were planted 2-4 weeks later (Table 4). The 
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Table 4. Frequency distribution of planting dates of 
alley farms. 

Planting date intervals Distribution of planting dates 
(day/month) Owu-Ile Iwo-Ate 

30/3 - 5/4 (1st WAD)a l1 b(2 )c 1111(4) 

6/4 - 12/4 (2nd WAD) 1111111(7) 1111111(7) 

13/4 - 19/4 (3rd WAD) 11111111111(11) 111111(6)
 

20/4 - 26/4 (4th WAD) 111111111(9) 111111(6)
 

27/4 - 3/5 (5th WAD) 111(3) 11(2)
 

4/5 - 10/5 (6th WAD) 1(0) i(i)
 

11/5 - 17/5 (7th WAD) i(i)
 

18/5 - 24/5 (8th WAD) 1111(4) 

aWAD = week after planting of demonstration farm. 
bSingle strokes indicate individual farms planted 

during the various time intervals. 
CFigures in parentheses indicate total number of 

farms planted in each period. 

farmers' willingness to take the necessary time from 
their normal farm operations to plant these "unknown" 
trees in their farms was seen as the first positive sign 
of the potential acceptability of the model. It showed 
that, given the right approach and a "farmer-relevant" 
proposal, farmers are willing, even without credit, to 
experiment with new ideas. 

The exact number c& farmers who planted the trees 
in their farms remained unknown for some time. This 
was because new alley farms were constantly being 
"discovered." Ten farmers, who initially did not 
register for the project, later obtained seeds and 
planting directions from their neighbours and planted 
their own alley farms - further evidence of the potential 
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acceptability of the model - whereas about 15 others
who obtained seed either failed to plant or abandoned
the trees after planting. This latter group included 
individuals who joined the scheme in anticipation of 
some direct and immediate benefit, loans,i.e., compen
sations, etc., and who, therefore, dropped out when 
those benefits were not forthcoming. 

Project Monitoring 

As a result of the number of farmers participating
in the project and the spatial distribution of the farms,
effective monitoring requires a major input. The pro
ject has a postdoctoral fellow as coordinator and en
gages two senior technicians - one in charge of farmmonitoring and the other concerned with the socioeco
nomic evaluation - and a junior technician on a full-time
basis. Specific emphasis placed theis by socioeconomic
technician on encouraging and documenting the partici
pation of women in the project. A government exten
sion technician, sponsored by the LPU and trained by
ILCA, is also stationed in the village. 

Each farm is visited at least twice a month byILCA project personnel, who fill in open-ended, mainly
unstructured report forms under four main headings:
(a) crops, (b) trees, (c) farmers, and (d) things to bedone. This is a way of systematically producing apicture of what is happening in the project, especially a
picture of unexpected events, and of establishing the
remaining program of research to be done on station. 

So far, detailed animal monitoring has not been

done. This is because 
 the first year of the project wasprimarily a andtree-planting establishment year. Moni
toring activities, therefore, concentrated on the
establishment and management of the trees by the
farmer. Data on participating farmers' ownership ofsmall ruminants were collected partas of the baseline 
survey. 
A livestock inventory was initiated in January
1985 and will be completed at regular monthly intervals 
to enable ILCA to monitor flock sizes. The inventory
exercise will aim at comparing animals receiving browse
supplementation from alley farms with a control group of
"no-browse" animals. In each village, 10 alley farming
and 10 nonalley farming households have been randomly
selected purpose. animals thefor this All in house
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holds will be monitored 
off-take trends. 

to show flock build-up and 

A significant 
monitoring exercise is 

soci
to 

oeconomic 
define the 

objec
client 

tive of 
population 

the 
for 

the alley farming model more precisely. The monitoring 
is, therefore, concerned with explaining the contrasting 
participation of particular categories of people, such as 
men arid women, citizens and strangers (Okali 1984). 

RESULTS AND DISCUSSION 

It is essential that this kind of research 
development project is continually evaluated. It must, 
however, be emphasized that the objectives of the 
evaluation exercise should not be seen as obtaining
statistically approved data on crop yields, tree growth, 
etc., but to see whether the alley farming model is 
practicable under farming conditions, whether it is 
accepted by farmers, and what modifications made by
the farmers have enhanced the workability of the 
system. The evaluation will also look at the effect of 
the different farmer-management situations on the 
establishment and growth of the trees. 

The first evaluation of the planted alley farms, 
based on germination/emergence, spatial arrangement of 
the trees, and the general condition of the farms and 
their management, was carried out starting 6 weeks 
after planting commenced. A second evaluation was con
ducted in August at the end of the first cropping 
season. The evaluation team consisted of two agrono
mists, one socioeconomist (all senior scientists), and 
one animal technician. The exercise was to be carried 
out every 2 months during the first year. 

In the evaluations, each farm was scored for 
"probability of successful establishment" by four ILCA 
personnel. The scoring scheme was as follows: 1 
poor, 2 - fair, 3 - good, and 4 - excellent. 

Food crops growing with the trees were also 
noted. The most common crop/crop combinations were 
maize, maize/cassava, and yam. A summary of the 
ratings is given in Table 5. At the first evaluation, 
yaw appeared to be a better establishment crop than 
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Table 5. Summary of initial evaluations of alley farms in the LPU pilot project. 

Number 
Time of of Potential for establishment (%) TotalCrop assessment farms Poor 

Maize 

Maize/cassava 

CO 
Yam 


Other 


Total 

aFA = first 

Fair Good Excellent (%) c 

FAa 19 21 26 37 16 100 
SAb 21 24 24 43 9 100 

FA 15 27 20 47 7 100 
SA 16 19 37 38 6 100 

FA 19 11 11 42 37 100 
SA 14 14 22 50 14 100 

FA 7 14 43 29 14 100 
SA 12 17 33 17 33 100 

FA 60 18 22 40 20 100
SA 63 19 29 38 14 100 

assessment, June 1984. 
bSA = second assessment, August 1984. 
CPercentage values are based on the number of farms in each row. 



maize or maize/cassava, because its sprouts developed 
slowly and, therefore, allowed maximum light for the 
tree seedlings. However, because yam was unstaked in 
most farms, intense shading and competition with the 
young trees resulted. 

In all, 60 farms, planted by 28 May, were 
evaluated in the first exercise. Sixty percent were 
considered to have either good or excellent potential for 
establishment, while 22% were fair and 18% poor. Of 63 
farms inspected in the follow-up evaluation, 19% were 
rated excellent, 29% good, 38% fair, and 14% were con
sidered to have poor potential for establishment. This 
evaluation exercise will be conducted periodically to 
allow for continuous assessment. 

By the end of the second year, a sample of farms 
and farmers will be analyzed independently, and case 
studies will be developed based on specific management 
and environmental situations. This will help identify 
factors and circumstances influencing the establishment 
of alley farms and the system's practicability under 
different management and environmental conditions. 

It is also intended that some data will be obtained 
through structured interviews or direct observation to 
answer such questions as: (a) Why did adopters 
adopt? (b) Why did nonadopters not adopt? (c) Why 
did adopters who abandoned their farms give up? (d) 
What use is made of the browse trees? This is also 
intended as a guide for future work. It is recognized 
that the final evaluation and assessment of the project 
is carried out by the farmer, who will decide whether 
or not the proposed intervention is relevant and work
able. This evaluation by the farmer can be measured 
in terms of the rate and percentage of adoption and the 
readiness and efficiency with which other farmers pick 
up the technology. 

CONCLUSION 

The project has so far run very much according to 
schedule, and considerable progress has been made. 
The major success achieved so far should be seen not 
in the establishment of the farms per se, but in the 
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level of cooperation and understanding that has been 
achieved between the farmers and ILCA. 

A number of farms had their first cutting after 
only 6-7 months of growth. On most farms, trees will
be cut for the first time at the beginning of the main 
season planting of 1985. All foliage from the first
cutting will be used as mulch. Subsequent regrowth
will be harvested periodically and used as mulch and 
cut-and-carry feed for the fai-ners' sheep and goats. 

Field days, village meetings, and tours will be 
organized to demonstrate and discuss management and
utilization of the trees to ensure their proper usage.
It is expected that the project will make a significant
impact on the total farming system of the small farmer
by improving food and small-ruminant production. Themonitoring will form the basis for small-ruminant devel
opment strategies of agenciesnational throughout the
humid zone. These strategies would be based on
disease control and feed production using fast-growing
leguminous trees. 
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Abstract The objective of a study carried out on 
31 small farms in two centres of hlonofia Governorate in 
the Nile Delta was to evaluate some summer forages that 
have recently been introduced in the country, specifi
cally, Elephant grass and Sordan grass, compared with 
the traditional Darawa, concerning their productivity, 
nutritive value, and economic returns to the farmers. 

Darawa occupied 52%, Sordan 25%, and Elephant 
grass 23% of the cultivated plots of summer forages. 
The average total fresh yield was 24.03, 58.59, and 
87.44 t/feddan (I feddan = 4200 m 2 ), for the three 
forages, respectively. 

On a dry matter basis, the average crude protein, 
crude fibre, and ash contents were 11.92, 32.08, and 
10.72% for Darawa; 12.29, 36.13, and 12.18% for Sor
dan; and 13.17, 31.56, and 16.77%, respectively for 
Elephant grass. The nutritive value, expressed in 
terms of in vitro dry matter digestibility (IVDMD) was 
63.43, 53.52, and 60.53%, for Darawa, Sordan, and 
Elephant grass, respectively. 

The total cost of agriculturaloperations per feddan 
was 272, 478, and 569 EGP, (1 US$ = 1.25 Egyptian 
pounds (EGP)) for Darawa, Sordan, and Elephant 
grass, respectively. Elephant grass ranked first, with 
respect to cash return per feddan (480 EGP) and 
Sordan grass second (272 EGP), whereas Darawa gave 
the least return (209 EGP) from its sole plantation. 
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Farmers' attitudes toward the feasibility of growing and 
utilizing the new summer forages were also presented. 

Resume L'6tude men~e dans 31 petites exploi
tations de deux centres du gouvernorat de Monofia, 
dans le delta du Nil, voulait 6valuer certains fourrages 
d'6te recemment introduits dans le pays, particulierc
ment l'herbe 6 6l6phant et l'herbe hybride du Soudar 
(sordan), 6 comparer avec le ma'ls fourrager tradition
nel (darawa). L'6tude a port6 sur leur productivitY, 
leur valeur nutritive et les revenus que l'exploitant en 
tire. 

Dans les parcelles plantees en fourrage d'6t, le 
darawa occupait 52 %, le sordan, 25 % et l'herbe 6 
lphant, 23 2. Le rendement moyen total en fourrage 

vert a 6t6 de 24,03, 58,59 et 87,44 t/feddan pour les 
trois fourrages respectivement, 1 feddan vaiant 4200 
m2 . Le rendement moven total correspondant en matiere 
s che a 6t6 de 5,96, 14,53 et 15,82 t/feddan. 

Les teneurs de la mati~re s~che en prot6ine brute, 
en fibre brute et en cendre etaient, en moyenne, de 
11,92 (, 32,08 2 et 10,72 % respectivement pour le 
darawa; de 12,29 2, 36, 13 % et 12,18 % pour le sordan; 
de 13, 17 %, 31,56 6 et 16,77 % pour l'herbe 6 'lephant. 
La valeur nutritive, mesur6e en termes de digestibilit6 
de la matire s~che en milieu artificiel, a 66 de 63,43 
%, 53,52 % et 60,53 % respectivement. 

Le coilt total des activits agricoles pour 1 feddan 
a '16, pour le darawa, le sordan et l'herbe 6 6lphant 
respectivement, de 272, 478 et 569 livres 6gyptiennes, 
1,25 livre valant I SUS. Quant aux revenus tirgs par 
feddan, l'herbe 6 6lphant est venu au premier rang 
(480 livres), suivi du sordan (272 livres); l'unique 
plantation de darawa n'a donn6 que 209 livres. Enfin, 
'16tudea aussi fait 6tat des r6actions des agriculteurs ' 

la possibilit6 de cultiver et d'utiliser les nouveaux 
fourrages d'6te. 

In Egypt, animals suffer from underfeeding and 
malnutrition during the summer season because of the 
shortage of feedstuffs. A limited area of about 100,000 
feddans (1 feddan = 4200 m 2 ) is cultivated annually 
with summer forages mainly maize forage (Darawa), 
while during winter about 2.75 x 106 feddans are culti
vated with Egyptian clover (Berseem), according to the 
1976 census. Egyptian clover, Berseem (Trifolium 
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alexandrinum), is considered to be the most important
winter forage on which livestock feeding depends,
especially for milk and meat production. It gives 3-4 
cuts during the winter and spring seasons. The annual 
cultivated area of (Miskawy) Berseem was about 1.76 x
106 feddans, according to the 1980 census. 

The area cultivated with temporary Berseem 
(Fahi), giving one cut before cotton cultivation, was 
continuously decreasing. In 1980, it reached a minimum 
of about 990,000 feddans. The alfalfa area had 22,000
feddans according to the same census. The area culti
vated with different summer forages, however, was 
about 100,000 feddans. Good-quality summer forages
(Elephant grass and sorghum) were included in the 
agricultural rotation to improve the nutritional status of 
animals during the summer season. A Sudan grass
hybrid (Sordan) has been introduced to Egypt as a 
potentially high-productive forage crop. These forages 
are believed to have better productivity and feeding
quality than the traditional maize forage (Darawa).
Controlled agronomic and feeding experiments conducted 
by the summer forage crops staff have indicated the 
validity of this statement. The government encourages
the farmers to cultivate new summer forages like Sordan 
by selling their seeds at low prices. Moreover, 1 kg of 
these seeds (Sordan) is given freely to farmers for 
each feddan cultivated with maize to avoid defoliation 
and detasseling of maize plants. Consequently, one
third of the maize grain yield is saved (EI-Tobgy 1976)
and a considerable amount of good summer forage is 
available for animals during the crL,.cal summer period. 

The objective of this investigation was to evaluate 
the productivity and the nutritive value of summerthe 
forages, Elephant grass and Sordan grass, versus that 
of traditional summer forage (Darawa), when cultivated 
by small farmers, and to measure their response and 
economic returns to the smallholders. 

MATERIALS AND METHODS 

The study included 31 small farms, distributed in 
centres Tala Shebeen Monofiathe two of and in Gover

norate, which is located in the middle of the Nile Delta 
(lower Egypt) and is characterized by smallholdings. 
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Monofia Governorate has a human population of 
about 1.9 x 106 (according to the 1980 census), and 
most inhabitants have received formal edu-ation. Far
mers are active, broadminded, and are always ready to 
accept and apply new technologies in agriculture. 
Monofia Governorate occupied a relativcly small area in 
the Nile Delta, which amounts to 325,846 feddans out of 
4,738,514 feddans for the governorates of the Delta. 
Its soil is considered to be the most fertile in the 
country. The animal population consists of the follow
ing numbers (according to the 1980 census): buffalo, 
221,644; cattle, 154,450; sheep, 119,191; goats, 
106,965; horses, mules, and donkeys, 177,023; and 
camels, 11,321. 

Monofia, one of the 24 governorates of Egypt, is 
divided into administrative centres. Two of these 
centres, Tala and Shebeen, were chosen to be the 
study area because they are small and represent the 
majority of the farms of this governorate. 

Twelve villages were chosen, six in each centre, 
Kamaisha, Kafr Sleem, Kafr Alawee, Kafr Rabee, Shobra 
Btoosh, and Tookh Delka villages are located in Tala 
centre. Yanbus, Bakhati, Meet Khalkan, Manshiet 
Kasem, Shebeen, and Tanbady are located in Shebeen 
centre. Two to four farms were selected for the study 
from each village, for a total of 31 farms, which culti
vated 56 plots with summer forages. 

Two animal production specialists of the Animal 
Production Research Institute, resident in Shebeen and 
Tala, were used as contacts in Monofia Governorate in 
farmer selection. Together with the research team they 
conducted an informal reconnaissance of the governor
ate to ensure that the two centres chosen were repre
sentative of farmers in the governorate. They selected 
the 31 farmers because they were familiar with farmers 
in this area. The data presented in Table 1 show the 
distribution of areas and plots cultivated with summer 
forages in the 31 farms; only one farmer cultivated the 
three summer forages on his farm, whereas seven 
farmers preferred to grow only one forage, either 
Darawa or Elephant grass. However, the majority of 
the farmers cultivated two forages, mainly Darawa (13 
farmers) and either Sordan grass or Elephant grass (10 
farmers). Accordingly, Darawa, Sordan grass, and 
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1-6 

Table 1. Identification of farms, number of plots, andfrequency distribution of cultivated areas for three 
types of summer forages. 

No. of plotsNo. of Elephant Sordan Totalfarms grass grass Darawa plots 

1 1 1 1 3 

10 10  10 20 

13  13 13 26 

5 5 5 
2 2 -2
 

Total 31 13 14 
 29 56 

Areas (kirat)a 

8 11 28 47
 

7-12 
 - 2  2 

13-18 - 1 - 1 
19-24 3 - 1 4 

25-30 - _ 

31-36 2  2 

Total 13 14 29 

al kirat = 175 m2 . 

87 

56 



Elephant grass were cultivated in 29, 14, and 13 plots, 
representing 52, 25, and 23% of the total, respectively. 

Farmers agreed to grow these forages without 
incentives on the condition that Elephant grass be 
grown as an annual. The farmers provided all produc
tion inputs in forage production. Thus, no formal 
agreement with the farmers was necessary. 

The area of the plot ranged from 1 kirat to 1.5 
feddans.1 Most of the plots (84%) had a small area 
ranging from 1 to 6 kirats. Only nine plots out of 56 
had a bigger area ranging from 7 to 36 kirats. 

A group of project research staff accompanied by 
three field officers visited th.: farms weekly during the 
period from April to October 1924. They supplied the 
farmero with the necessary instructions and recommenda
tions concerning the cultivation, fertilization, irrigation, 
and harvesting of the fori:,es at the proper stage of 
maturity, when their compo,.' n and nutritive value are 
best. 

The cultivation of temporary Elephant grass was 
concentrated early in April, whereas Sordan grass and 
Darawa were mostly cultivated during May. Darawa 
seeds were obtained from the public sector, but, 
unfortunately, they were infected with insects, there
fore, a low germination percentage resulted. Conse
quently, the cultivation was repeated using new seeds 
bought by the project staff aid offered freely to the 
farmers. Elephant grass plantations were obtained from 
both private and public sectors. 

The seeding rate was 20 and 60 kg/feddan, for 
Sordan grass and Darawa, respectively, whereas Ele
phant grass was planted in rows at distances of 70 cm. 
A feddan contained about 10,000 clumps on average. 

Fertilization was carried out using manure, 

superphosphate, nitrate, and urea, according to the 
recommendations of the Ministry of Agriculture. Ele
phant grass gave as much as seven cuts during the 

11 kirat = 175 m 2 , 1 feddan = 4200 m 2 (24 kirats), 

and 1 hectare = 10,000 m 2 (60 kirats). 
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whole season, whereas Sordan grass gave four majorcuts. As for Darawa, it gave only one cut from its 
plantation. 

The sole cut of Darawa and the first cut of Sordangrass were each taken at least 45 days after cultivation 
to avoid the toxicity effect of their high hydrocyanic
acid content during the early stage theirof growth,but the following cuts of Sordan grass were taken every month. All cuts of Elephant grass were taken
when the grass reached 100 cm in height. 

All necessary work on the farms involvingcultivation, irrigation, fertilization, and harvesting wascompleted by the smallholders and their families. Cutting the forages to obtain the representative samples
for analysis was accomplished by the team of nutrition 
researchers.
 

The yield per feddan of the investigated forageswas determined at the time 
the 

of harvest. For measuring
fresh yield per cut per feddan for both Sordan grass and Darawa, the average weight of plants harvested from two areas of 1 m each, chosen at random

in each plot, was multiplied by 4000. As for Elephantgrass, when the plants reached 1 m in height, 10clumps were randomly chosen in each plot, cut andweighed, then their total weight was multiplied by 1000to obtain the fresh yield per cut per feddan, on the
basis that a feddar contained about 10,000 clumps on 
the average.
 

In each cut, a fresh sample of forage weighingabout 2 kg, representing the yield of 2 m of Sordan 
grass or Darawa and the yield of 10 clumps of Elephantgrass, was taken for dry matter determination, which was carried out at 70°C for 16 hours in the Shebeenlaboratory in Monofia Governorate. The dried foragesamples were then transferred to the Central Laboratoryof the Animal Production Research Institute at Dokki forchemical analysis that was carried out according toAssociation of Official Analyti al Chemists (AOAC)methods (AOAC 1980). In addition, the nutritive valueof the forage samples was determined in terms of invitro dry matter digestibility (IVDMD) according to

Tilley and Terry (1963). 
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On-farm measurements, feed intake, and animal 
performance were collected through a questionnaire 
designed by the economic research team. Farm animals 
were from local breeds in Egypt, including buffalo, 
Baladi cattle, sheep, and goats. All animals belonged 
to the farmers who had from one to three animals. 

For the economic evaluation of the investigated 
summer forages, a questionnaire of 10 pages in Arabic 
was designed to collect data from the 31 smallholders. 
An economic team of three researchers was responsible 
for visiting the farmers periodically to collect the 
economic data. One of them joined the members of the 
nutrition team on their weekly visits also. Intensive 
visits of the three economic researchers were accom
plished during the last month of the summer season. 
The questionnaire covered the following information: 

(a) Farming system and area of summer forages; 

(b) Number and type of livestock raised on the 
farm; 

(c) Consumption of feeds, including green forages, 
dry roughages, and concentrates; 

(d) Milk and meat production on the farm; 

(e) Yields of summer forages; 

(f) Costs of agricultural operations for cultivation 
and management of summer forages; 

(g) Costs of management and feeding animals; and 

(h) Farmers' attitudes toward the cultivation of 
new summer forages and the problems facing them. 

RESULTS AND DISCUSSION 

Productivity of Summer Forages 

The average yield of the three summer forages as 
fresh and dry matter in tonnes per feddan for each cut 
and for the whole season is given in Table 2. The data 
indicated that the total fresh yield of Elephant grass 
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Table 2. Average fresh and dry matter yields of summer forages. 

Average total Average yield/cutNo. of Average of yield/feddan(t)aForages farms (t)cuts Fresh Dry Fresh Dry 

Elephant grass 4.1413 87.44 15.82 
 21.12 
 3.82
 

Sordan grass 2.6814 58.59 14.53 21.86 
 5.42
 

Darawa 
 29 1.00 
 24.03 5.86 
 24.03 
 5.96
 

a I feddan 4200 m 2 . 



was nearly 1.5 times that of Sordan grass, whereas it 
was about 3.5 times that of the sole cut of Darawa. The 
total dry matter yield of Elephant grass was slightly 
higher than that of Sordan grass, whereas Darawa 
yielded about 30% of that produced by either of the 
other two forages. Concerning the average dry matter 
yield per cut per feddan, Elephant grass gave about 
30% less dry matter than Sordan grass, but Darawa was 
slightly higher than Sordan grass in that respect. 

The present results for the average productivity 
of Elephant grass was 87.44 t/feddan as fresh yield. 
This was slightly lower than that recorded by Fahmy 
(1978) as 90 t/feddan and remarkably lower than the 
figure of 100 t/feddan as reported by Gabra (1980) for 
loamy soil. Hassan and Gabra (1982) reported that 
Elephant grass planted in sandy soils gave 65.4 t/fed
dan. For Sordan productivity, Gabra (1984) recorded 
41 t/feddan, which is far lower than that obtained in 
the present study of 58.59 t/feddan. The average 
height recorded for both studies was about 125 cm. 

Chemical Composition and Dry Matter Digestibility of 
Summer Forages 

The results of the chemical analysis and the in 
vitro dry matter digestibility of the different cuts and 
farms of the three summer forages are presented in 
Table 3. 

The average chemical composition showed that 
Elephant grass was the highest in crude protein, ash, 
calcium, and phosphorus content but was the lowest in 
dry matter (DM), ether extract (EE), crude fibre (CF), 
and nitrogen-free extract (NFE). Darawa, however, 
had the minimum contents of crude protein, ash, 
calcium, and phosphorus, but it attained the maximum 
contents of EE and NFE. Sordan grass was intermedi
ate in all nutrients, but it attained the highest CF 
content and had similar DM content as that of Darawa. 

The present results showed that the average CP, 
EE, CF, and ash contents of Elephant and Sordan 
grasses were higher than those obtained by Khafagi c. 
al. (1983) and Gabra (1984). The average proximate 
composition of Darawa was also higher than that pub
lished by the Ministry of Agriculture (1968). The 
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Table 3. Average composition and dry matter digestibility of the summer torages. 

Cut 
no. 

No.of 
farms DM 

Proximate composition 
CP EE CF 

(%)a 
NFE Ash 

Mineralcontent (%)a
Calcium Phosphate C:P 

Invitro 
DMD (%) 

Elephant grass 

1 8 
2 13 
3 12 
4 9 
5 6 
6 3 
7 1 
Average 

16.89 
16.82 
19.10 
18.08 
18.40 
19.33 
18.00 
18.09 

12.17 
14.38 
12.38 
13.40 
11.99 
15.68 
11.29 
13.17 

2.64 
2.82 
2.65 
2.62 
2.70 
2.82 
2.10 
2.69 

31.54 
31.77 
31.47 
31.47 
32.71 
29.31 
30.38 
31.56 

36.90 
33.19 
37.80 
35.21 
36.59 
35.55 
41.30 
35.81 

16.75 
17.84 
15.70 
17.30 
16.01 
16.64 
14.93 
16.77 

0.23 
0.36 
0.31 
0.39 
0.34 
0.30 
0.65 
0.33 

0.35 
0.37 
0.42 
0.34 
0.37 
0.33 
0.34 
0.37 

0,66:1 
0.97:1 
0.74:1 
1.15:1 
0.92:1 
0.91:1 
1.91:1 
0.89:1 

58.88 
61.90 
60.44 
60.33 
60.63 
60.50 
57.10 
60.53 

Sordan grass 

1 14 
2 14 
3 11 
4 4 
Average 

2 .. 04 
23.36 
21.77 
28.04 
24.80 

13.23 
1.66 

11.63 
13.54 
12.29 

2.93 
2.64 
2.79 
2.61 
2.76 

36.39 
35.67 
36.56 
36.01 
36.13 

36.01 
37.46 
37.21 
33.73 
36.64 

11.44 
12.57 
11.81 
14.11 
12.18 

0.24 
0.30 
0.23 
0.28 
0.26 

0.19 
0.40 
0.22 
0.28 
0.28 

1.26:1 
0.75:1 
1.05:1 

1:1 
0.93:1 

51.58 
53.96 
54.23 
56.45 
53.52 

(continued) 



Table 3. Concluded. 

No. Mineral In 
Cut of Proximate composition (%)a content (%)a vitro 
no. farms DM CP EE CF NFE Ash Calcium Phosphate C:P DMD (%) 

Darawa grass 

Average 24.80 11.92 3.03 32.08 42.25 10.72 0.248 0.271 0.92:1 63.43 

Min. 1 39.00 5.69 2.24 27.63 33.48 8.22 0.070 0.090 0.78:1 55.70 

Max. 29 13.70 20.83 4.07 37.76 51.81 16.92 0.630 0.930 0.68:1 73.59
 

Note: DM, dry matter; CP, crude protein; EE, ether extract; CF, crude fibre; 
NFE, nitrogen-free extract; C, calcium; P, phosphorus; and DMD, dry matter digestibility. 

a Percentage of dry matter. 



nutritive value of the forages, expressed in terms of invitro dry matter digestibility (IVDMD), showed that
Darawa was slightly better than Elephant grass, where
as Sordan grass was the least in that respect. 

The IVDMD of Elephant grass this studyin wasmuch the same as the in vivo DMD obtained by Khafagi
et al. (1983) and Gabra (1984). But the IVDMD of
Sordan grass was significantly lower than the in vivoDMD found by Ademosum et al. (1968), Khafagi et al. 
(1983), and Gabra (1984). 

Economic Evaluation of Summer Forages 

The data presented in Table 4 show the averages
for the yield per feddan and the value and costs of pro
duction and the net return, excluding rental cost, from
cultivating the summerthree forages. 

The data indicated that Elephant grass ranked
first with respect to cash return per feddan and Sordan grass ranked second, whereas Darawa gave the least
return from its single cut. For the cost of production
per ton of fresh forage, Sordan grass morewas costly
than Elephant grass, but Darawa was very expensive. 

Farmers' Attitudes Toward New Summer Forages 

Table 5 illustrates in brief the farmers' attitudes,
obtained from the questionnaire, toward the new summerforages by focusing on their reasons for cultivating
them and on some of the problems they faced during

the summer season of 198.. For example:
 

(a) The cultivation of Elephant grass was con
centrated in early April, whereas Sordan grassDarawa were mostly cultivated during May. 

and 

(b) Darawa seeds were obtained from the privatesector, but Sordan grass were fromseeds obtained the
public sector and Elephant grass obtainedwas from
both the private and the public sectors. 

(c) Elephant grass gave as much sixas cuts
during the whole season, Sordan grass gave four major
cuts, and Darawa was seeded once to give its sole cut. 
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Table 4. Average value and costs of production and net return for summer forages. 

Forages 

1oa, Elephant grass 

Sordan grass 

Darawa (one cut) 

a 1 feddan = 

Average fresh 
yield 

t/feddana 
Pricelt 

(EGP)b 

Total 
value 
(EGP) 

Total 
cost 
(EGP) 

Net 
return 
(EGP) 

Cost of 
producing 

(EGP) 
1 t 

87.44 

58.59 

24.03 

12.0 

12.8 

20.0 

1049 

750 

481 

569 

478 

272 

480 

272 

209 

6.51 

8.19 

11.32 

4200 m 2 . 
b 1 US$ = 1.25 Egyptian pounds (EGP). 



Table 5. Reasons for cultivation of new summer forages and problems facing farmers. 

Reasons for cultivation Frequency Problems Frequency 

-J 

Elephant grass 

Insufficiency of concentrates and 
straws 

High productivity and palatability 

Improves animal performance 

Increases rate of growth 

Reduces fattening costs 

4 

3 

3 

2 

1 

High labour cost 

Difficulty in removingclumps 

High cost of removing clumps 

A part of land is occupied 
with stored clumps for next 
season 

4 

3 

2 

1 

First cut 
bloat 

sometimes causes 

1 

Scarcity of labour 1 

Cultivation needs approval
agricultural cooperative 

of 
I 

(continued) 



Table 5. Concluded. 

Reasons for cultivation Frequency Problems Frequency 

10CO 

Sordan grass 

A new trial worthy of attention 

Improves animal performance 

Yields several cuts 

Saves other types of feedstuffs 

Reduces production costs 

4 

4 

2 

2 

2 

No problems 

Unavailability of seeds at 
proper time 

Low germination percentage
due to seeds infection 

Waste in feeding is great 

4 

3 

3 

3 

High labour cost 1 



(d) The time required to harvest 1 kirat of forage
ranged from 2.5 to 2.9 hours for Elephant grass, 2.2
2.4 hours for Sordan grass, and 2.5 hours on the 
average for Darawa. 

(e) Both Elephant grass and Sordan grass had a 
positive impact on the performance of lactating and 
growing animals. In addition, larger herd size on the 
farm was associated with the availability of these gras
ses. 

(f) The yield of 3 kirats of either Elephant grass 
or Sordan grass was sufficient to feed a dairy cow, of 
moderate production, during the summer season without 
additional feedstuffs. Darawa, on the other hand,
required 4 kirats for this purpose. As for a dairy buf
falo of moderate production, it was maintained on a 
yield of 4 kirats of either Elephant grass or Sordan 
grass or the yield of 5.5 kirats of Darawa. 

(g) Concerning the impact of introducing summer 
forages in the practice of maize defoliation and detas
seling and the effect of such a practice on grain pro
duction, 23 farmers out of 31 stated that they found no 
need for such a practice in the presence of plenty of 
summer forage and, as a result, they obtained more 
maize grain yield. 

(h) It is a normal practice in the villages for 
farmers to sell any excess production of Darawa to their 
neighbours, but such is not the case for the new sum
mer forages of Elephant grass and Sordan grass. 
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ON-FARM TRIALS WITH DUAL-PURPOSE GOATS ON
 
SMALL FARMS IN WESTERN KENYA
 

A.E. Sidahmed,1, 2 J.F.M. Onim,l, 2 A.W. Mukhebi,l 2 
R.S. Shavulimo,1, 3 A.J. De Boer,1, 3 and 

H.A. Fitzhughl. 2 

ISmall Ruminant-Collaborative Research Support

Program (SP-CRSP), P.O. Box 252, Maseno, 
 Kenya,2 Winrock International, Morrilton, AR 72110-9537 USA,

and 3 Ministry of Agriculture and Livcstock 
Development, Kenya 

Abstract The obiective of the Small Ruminant-
Collaborative Rrsearch Support Program (SR-CRSP) in
Kenya is to develop and evaluate dual-purpose goat
(DPG) production systems for limited resource farmers.
Farming systems research methodologies are undertaken
by a multidisciplinary team of scientists. Stage 1
involved characterization of target farming systems andon-station component research. Stage 2 combined on
station research with scientist-managed on-far, trials.
Stage 3 will involve large-scale monitoring on farms of
DPG production systems based on packaged technologies
developed in Stage 2. 

A random sample of 80 farmers was selected from alarger natinal sample of small-scale farmers in western
Kenya. Few DPG were placed initially. As more goats
became available more respondent farmers and more
DPGs per farm were added to the trials. On-farm 
monitoring included bi-weekly visits by senior scientists
and weekly visits by trained field technicians fluent in
local languages. Data on DPG performance variables,
such as nursing and milking systems, diet selection and
intake from uncultivated lands, body weight changes,
and dietary overlap and competition between DPG and
other livestock on-farm, collectedwere using question
naires, experimental observations, and formal and
itformal farmer in terviews. Collected data were
discussed in weekly meetings of research scientists and 
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field technicians before recording in a computer for 
analysis of technical feasibility, economic viability, and 
social compatibility for the DPG technology in the 
small-scale farming systems. 

Resume L'objectif du Small Ruminant-Collaborative 
Research Support Program (SR-CRSP), au Kenya, con
siste dans la mise au point et l'6valuation de systemes 
de production de chevres ' double fin (CDF) pour les 
exploitants dont les ressources sont limitees. La 
m'thodologie de la recherche sur les syst'mes d'exploi
tation agricole est sous la responsabilit6 d'une 6quipe 
multidisciplinaire de scientifiques. L'objectif de la 
phase i a 6te de definir les systemes d'exploitation ' 
etudier et les elements ' incorporer ' la recherche en 
station. Dans la phase 2, la recherche en station a ete 
associee aux essais sur le terrain diriges par les 
scientifiques. La phase 3 ccmportera l'observation, sur 
une grande 6chelle, de l'exploitation des systemes de 
production de CDF utilisant les enveloppes technolo
giques mises au point lors de la phase 2. 

A partir d'un vaste echantillon national de petits 
exploitants agricoles du Kenya occidental, on a choisi 
au hasard un 6chantillon de 80 agriculteurs. On a 
distribue peu de CDF au debut. Le nombre de ch'vres 
disponibles augmentant, plus d'agriculteurs et plus de 
CDF par exploitation vinrent s'ajouter aux essais. 
L'observation sur le terrain a comport6 des visites bi
hebdomadaires des scientifiques principaux, et des 
visites hebdomadaires des techniciens de terrain dument 
formes et parlant couramment les langues locales. On a 
rassemble des donnees sur les variables de performance 
des CDF : les systrmes d'allaitement et de traite, le 
choix d'une ration et les aliments consommes sur des 
terres non cultiv6es, les fluctuations dans le poids, le 
chevauchement des rations alimentaires et la concur
rence entre les CDF et les autres animaux sur le ter
rain. Pour ce faire, on a utilise le questionnaire, 
l'observation, et l'interview, formel ou non, des 
agriculteurs. Les chercheurs et les techniciens de 
terrain, lors de leurs reunions hebdomadaires, ont 
discut6 des donn6es avant de les traiter par ordinateur 
afin d'analyser la faisabilit6 technique, la viabilit6 
economique et l'acceptabilit6 sociale de la technologie de 
CDF pour les petits agriculteurs. 
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Farm families in western Kenya have limited 
resources (farm size of approximately 1 ha) to produce
food and income. The Small Ruminant-Collaborative 
Research Support Prog-am is(SR-CRSP)I evaluating
the dual-purpose goat (DPG) as a source of milk to pro
vide a protein supplement to the family diet and 
slaughter stock to provide income. Farming systems
research (FSR) is conducted by a multidisciplinary team 
to develop and evaluate DPG production systems. 

Initially, the existing farming systems of western 
Kenya were surveyed and biological and socioeconomic 
components analyzed (Sands et al. 1983; Campbell et 
al. 1984). The characterization phase was conducted 
from October 1980 to December 1982 on 40 farms in two
village clusters in Kakamega district and 40 farms in 
two villages in Siaya district. Results were instrumen
tal in setting research priorities. Research activities 
and implementation strategies are detailed in Fig. 1. 

A three-stage process has been followed in the 
research: 

Stage 1: On-station component research, monitor
ing of a limited number of DPG placed on farms, and 
continuing characterization of socioeconomic factors 
(Brown et al. 1983a; Boor et al. 1984; and Reynolds et 
al. 1984). 

Stage 2: Continuing on-station research, scien
tists managed on-farm trials, on-farm production of
DPGs, and an expanded on-farm performance monitoring 
program (Brown and Nderito 1983; Ruvuna et al. 1983;
Brown et al. 1984a; Cartwright et al. 1984; Rurangirwa 
et al. 1984; and Salim et al. 1984). 

ISR-CRSP activities are supported by the Kenya
Ministry of Agriculture and Livestock Development
(MALD), by the U.S. Agency for International Develop
ment (USAID), and by U.S. institutions (Breeding and 
Systems Analysis, Texas A & M University; Sociology,
University of Missouri; Animal Health, Washington State
University; Economics, Nutrition-Management and Feed 
Resources, Winrock International). 
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Fig. 1. Implementation strategy for SR-CRSP research 
activities involving dual-purpose goat production 

systems for small farms in Kenya. 

Stage 3: This stage will involve extensive on-farm 
evaluation of DPG systems based on pack,.ged technol
ogies developed in Stage 2. Researchers will monitor 
adaptation and changes in recommended packages by 
farmers. 

MATERIALS AND METHODS 

Description of Research Sites 

The Small Farm Systems Survey and consequent 
introduction and testing of the DGP technology was 
conducted in TKakamega district and Siaya district of 
Nyanza Provinces. The area under study is located 
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in the Lake Victoria Basin 400 km west of Nairobi and 
100 km east of the Uganda border. 

Kakamega district is classified agriculturally as a 
high potential area with bimodal rainfall ranging 
between 1750 and 2100 mm/year. The altitude ranges 
between 1400 and 1800 m. The most important food 
crops are maize and phaseolus beans, usually inter
cropped. Other food crops include sorghum, cassava, 
sweet potatoes, and bananas. Principal cash crops are 
coffee, tea, and trees. Principal livestock species are 
grade and Zebu cattle, hair sheep, East African goats, 
and poultry. The dominant tribe in the rural areas of 
Kakamega are the Abaluhya. The 1979 census estimated 
that the district population was about 1,033,000. There 
is an extremely high land pressure of 328 people/km2 . 
In some parts of the district, density is as high as 880 
people/km2 . 

Siaya district is considered a medium potential 
zone. Rainfall is bimodally distributed with an annual 
mean of 1000-1300 mm. The altitude ranges from 1140 
to 1500 m. Natural vegetation is dor:inated by invasive 
shrubs and trees (e.g., Albizia, Soriana, and Lantana 
species) and a mixture of grasses including species of 
Hyparrhenia, Cymbogon, Brachiaria, Cynodon, Panicum, 
and Digitaria. Principal food crops include maize, 
phaseolus bean, cassava, sorghum, sweet potatoes, 
bananas, and other pulses like grams and cowpeas. 
Cash crops include cotton, sugarcane, and trees. 
Grade cattle are rare in Siaya, but there are large 
numbers of Zebu cattle, hair sheep, East African goats, 
and poultry. The 1979 census indicated a district 
population of 470,000 (about 185 people/kin2 ). The Luo 
is the dominant tribe in Siaya. 

The smallholder area of Kenya was stratified into 
agroecological zones by the Ministry of Finance and Eco
nomic Planning. This sampling frame for Kakamega and 
Siaya districts was used for the random selection of two 
clusters in each district and 20 farms in each cluster 
(Sands et al. 1982). 

Survey farms in both districts were visited at least 
once per month by the enumerators who were fluent in 
the local language. The mean farm size per family was 
slightly larger in Siaya (1.09 ± 0.89 ha) than Kakamega 
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(0.89 ± 0.84 ha). Almost all farms are extensively 
cropped and house between four (Siaya) and six 
(Kakamega) dependants. Half of Kagamega and Siaya 
household heads are women. Only 15% of the farmers in 
Siaya district and 2.5% in Kakamega district owned 
goats. 

In addition to the on-farm sites in Kakamega and 
Siaya districts, research has been conducted at a 
station near Maseno on the equator at an altitude of 
1500 m. The station houses such facilities as agronomy 
fields, goat barns, a nutrition laboratory, a microcom
puter, and offices. 

METHODOLOGIES FOR BIOLOGICAL TRIAL 
COMPO NENTS 

Participating Farmer(s) - Project Agreements 

Evaluation of interventions is conducted in 
participating farms in the two clusters. At the same 
time, experiments and performance monitoring are car
ried out at the research station. Both feed and goat
production trials are designed to match the bimodal 
rainfall patterns of western Kenya. The first rain 
starts in March and ends in July, whereas the second 
starts in September and ends in February. The second 
rainy season has fewer, more erratic rains as compared 
to the first. Planting seasons coincide with the start of 
the rains. 

Farmers were chosen from those who had initially 
participated in the baseline survey because they had 
understood the purpose of the studies and were the 
most willing to participate. However, during the course 
of on-farm trials (1982-85), some farms dropped out 
while new ones were added. Those who dropped out 
did so for a number of reasons including loss of intro
duced goats, death of respondents, breakup of mar
riages, or migration to other areas. Each respondent 
farmer was provided with test goats or part of his land 
was leased for feed production trials after reaching an 
agreement between the project and the farmers. Based 
on DPG availability, 10 farmers were initially provided 
with goats. In subsequent years, the number of 
farmers increased to 30 and DPG per household 
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increased to 2 or 3 does with kids and in a few cases 
there was one buck. 

Trials and Testing of the Dual-Purpose Goats 
(DPG) 
Farmers participating in the testing of the DPG 

were provided initially with a crossbred doe (pregnant 
or with kid at side). The number of placed does and 
kids per farm increased in subsequent years depending 
on the successful participation of each farmer and to 
facilitate statistical comparison of production variables. 
Goats become the farmer's property after 1 year of suc
cessful participation. Between March 1983 and Decem
ber 1984, out of 101 DPG placed and produced on-farm, 
42 were removed by death, selling, transfer, or rejec
tion by farmers. Transfer of trial goats out of the 
farms was administered by the project; sale of goats 
was discouraged during the early years (Stages I and 
2). Recently, farmers who have multiplied their pro
duction above five head were advised to sell extras 
(especially males) to the project, these were in turn 
redistributed to other farmers. Each respondent farmer 
was provided with the following: a milk pail and locally 
available disinfectant, vaccination of goats (entero
toxemia, tetanus, and foot and mouth), and instructions 
in DPG management including (a) milking management, 
(b) boma (night enclosure) construction and hygiene, 
(c) preventive health care (i.e., drenching), and (d)
other feeding and production-handling instructions 
depending upon the special characteristics of each farm 
location. 

Experiments on farms to monitor DPG (50-75% 
Toggenberg with East African cross) performance and 
interaction with other livestock classes involved ear 
tagging and data collection from local cows, goats, and 
sheep (e.g., fecal samples for microhistological analysis 
to study seasonal changes in dietary overlap). Initial
ly, it was expected that farmers would request incen
tives. However, no such request was made and a very 
successful cooperation has continued. 

The scientist-controlled on-farm feed-consumption 
studies involved placement of esophageal fistulated goats 
on farms in the Siaya district. This effort necessitated 
a different form of agreement and provision of some 
incentives. The farmer is paid rental for a boma and 
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for housing field technicians during sampling. Also the 
farmer participates in purchases of local goats needed 
for the comparative study with the DPGs. 

During the second stage of on-farm trials, a DPG 
buck distribution program was initiated. Terms of 
placement and ownership differe, and the researchers' 
involvement and visitation frequencies were less. 
Whereas the doe-kid monitoring is intensive and fre
quent (i.e., daily and weekly milk production record
ings and fortnightly body weight measurements), the 
monitoring of breeding DPG males to local East African 
does is kept at a minimal level. The DPG bucks are 
owned by the project. Distribution is usually in 
response to requests by interested individuals or 
groups (e.g., church organizations). 

Trials and Testing of Feed Resources 
The agreements between the project and the 

participating farmers include cost and length of leasing
test plots, security of the plots, and the use produce
from the trials. The number of on-farm plots leased in 
each cluster depends on the number of experiments
planned for that season. Because of variations in the 
farmers' fields (soil fertility, weed infestations, and 
slopes), care is taken in the orientation of the plots to 
minimize the environmental effects on the treatments. 
Although it is desirable to have large plots and several 
replications, the limitations of available land in peasant
farms in the target areas do not often permit this. Plot 

2sizes of 15 m in rectangular configuration with three 
replicas are preferred. These trials are repeated over 
two crop seasons to reflect seasonal variations before 
the experiments are concluded. 

The leased t:'ial plots on the farmer's fields are 
controlled by the scientist; however, the farmer is 
responsible for protection from damage by farm animals 
and crop pilfering. Day--to-day management of the 
plots is planned by the scientists, including which 
activities should be done by the farmers and their 
families and which by the scientists and their assis
tants. Precision work like planting, data collecting by 
measurements, and sampling are supervised by the 
scientists. Simpler field operations like fencing,
cultivation, and weeding are usually contracted with the 
farmer's family for cash payments. This arrangement is 
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very popular with the farmers and it helps to improve
relations between the farmer's family and the project. 
This arrangement has been particularly popular with 
school-age children who, apart from a cash payment or 
reward, also enjoy being involved with research scien
tists and their assistants in conducting experimental
work at the village level. The cooperation of farmers 
in this research work is enlisted after the purpose and 
the need for such a trial is explained to them. 

Apart from receiving improved goats and cash 
payments for their work on the trial plots, the land is 
leased by a verbal contract for each growing season of 
5 months. A further motivation comes from the 
agreement with the farmer that after sampling, all the 
sampled forages and grain are given to his family. 
Trials in the farmers' fields are often conducted to test 
whether a particular package works well. Group visits 
by other farmers and project staff are later arranged 
during which detailed discussions between farmers and 
scientists take place, and these have proved very
beneficial. Farmers also feel proud and tell their 
colleagues about their successes. This social attention 
that the farmers get from their neighbours and relatives 
serves as an incentive. Our respondent farmers 
proucly tell us about visitors coming from even far 
places to see the trial goats. Requests for partici
pating farmers to put their test goats in the local shows 
are met with enthusiasm. In addition, the respondent 
farmers are more frequently visited by the veterinarians 
participating in the SR-CRSP Health Project. 

On-Farm Measurements of Animal Performance 

Milk production and animal body weight and 
condition are measured periodically by the project 
scientists and their assistants. Resident enumerators 
fluent in the local languages visit the farms at least 
once a week and fill in a survey form, which provides 
information on doe and kid records (milk production, 
kidding rate, rebreeding, birth weight, and animal 
health) as well as feed menu and purchases. Informa
tion about losses due to culling, mortality, etc., are 
also recorded. Each enumerator is provided with cali
brated cups for estimating milk production. The 
farmers are requested to separate the kids from the 
does at least 8 hours before the morning and the even
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ing milking periods. The enumerators also record 
birth data and body weight immediately after birth. 

All this information is summarized and reported by 
the enumerators every Monday during a weekly meeting 
at Maseno. This meeting is attended by all project 
scientists. During the weekly visits to the station, the 
enumerators provide to the computer data-entry tech
nicians the vital statistics for immediate coding and 
storage into the computer. Recently, each respondent 
farmer was provided with a book of instructions for 
twice-daily monitoring of milk production. Farmers 
were instructed to bottle- or bucket-feed the kids; 
necessary utensils were provided. Verification of these 
records is made by comparing data with the weekly 
measurements provided by the enumerators. 

Although Stage 2 of this research activity has 
witnessed gradual expansion of on-farm trials, the on
station controlled experiments are still difficult to 
monitor accurately at the farm level. However, 
research under the relatively controlled eivironment of 
Maseno siation emphasizes collection of data that may be 
extrapolated to the farm situation. For example, barn
kept goats (for measuring daily milk production and 
consumption, metabolic studies, and nursing-management 
practices) are fed local feed resources similar to those 
being tested in the farms of Kakamega and Siaya. 

On-farm disease monitoring takes place routinely. 
Incidence of gastrointestinal parasites, Brucellosis 
screening, Contagious Caprine Pleuropneumonia (CCPP), 
Caprine Arthritis Encephilitis (CAE), and mastitis are 
monitored. Clinical case follow-up and autopsies are 
routinely performed with specimens submitted to labora
tory testing. In addition, trials to study the genetic 
resistance of the DPG compared to the local goat breeds 
take place under the controlled research environment. 
Body weight and fecal and vegetation sample collections 
from the clusters are also recorded every 2 weeks by 
the scientists and their field assistant. Local sheep, 
goats, and cattle are also monitored. Vegetation 
samples are processed for chemical analysis, whereas 
fecal samples are processed for egg counts and micro
histological analysis. Processing includes sun drying 
before oven drying preparatory to grinding. 
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The contribution of on-farm, noncropped and 
off-farm grazing areas to the nutrition of the DPGs is 
being measured. Locally made fecal collection bags
worked well without any need for an adaptation (to the 
harness) period by the goats. Esophageal fistulae are 
being used for diet sampling. Fistulation of both DPG 
and the local goats takes place on the trial farm. A 
well-trained technician tends to the goats. However, 
the requirement that fistulated trial goats graze in the 
same locations utilized by intake goats (bushes, far 
diStance) have resulted in considerable losses (due to 
fistulation stress, feed poisoning, etc.). This problem 
is being addressed by introducing new fistulated goats 
with the assumption that between individual animals 
variation is not significant. 

Farmers' Reactions, Opinions, and Observations 

Farmers' reactions, opinions, and observations are 
recorded during discussicns while visiting farms. Field 
days are also held when groups of farmers visit the 
research station at Maseno and experimental plots and 
demonstrations in the clusters. The farmers' reactions 
are also recorded in questionnaires that are specific to 
particular experiments. Farmers' views are summarized 
and incorporated into planned future experiments. 

A critical consideration is that research on the 
farmers' fields should not disrupt their farming system 
and resource base or interfere with the productivity of 
their farms. This is particularly important when new 
interventions that have been tested at the research 
station are undergoing further trials on the farmers' 
lands. 

One respondent farmer (a retired school teacher) 
in Siaya district has presented his views during the 
annual SR-CRSP workshops. The farmer summarized 
his daily recorded observations and the outcome of his 
discussions with his colleagues (November 1983 - March 
1984).
 

Results of trials on the farms are recorded by (a) 
visual field observation and (b) careful measurement 
and recording. The former is done by both the 
farmers and the project staff to notice and discuss any 
visible treatment effects, whereas the latter is done by 
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project staff and is followed by analysis. The field 
observations together with scientific interpretations 
(biological and economic) are considered when deciding 
on the potential practical applications and adoption of 
the methods under test. 

Logistics of On-Farm Research 

Logistics (personnel, vehicles, and other re
quirements) are negotiated for each experiment during 
the annual planning meeting. Detailed protocols, bud
gets, and schedules are prepared for each experiment. 

Multidisciplinary cooperation of various spe
cializations is emphasized. One experiment, may, there
fore, be supervised by the agronomist and also require 
inputs from the animal nutritionist, the economist, and 
the sociologist. Collaborating research officers (usually 
BS or MS level) are provided by the Ministry of Agri
culture and Livestock Development (MALD). After one 
or more years' productive association with the SR-
CRSP, collaborating officers are granted an MS or PhD 
training scholarship. Technicians and other personnel 
needs are provided by MALD or are directly hired by 
SR-CRSP, usually on an annual basis. Graduate stu
dents have also undertaken specific experiments as 
partial requirements for their degrees from Kenyan and 
U.S. universities. 

Each resident scientist is assigned a vehicle. The 
range of project vehicles is wide - from saloons to 
pick-ups to four-wheel-drives. Any scientist can uti
lize a suitable car for a particalar job. In general, 
saloon cars are used on good roads, whereas pick-ups 
and the four-wheel-drives are used for on-farm 
research. Farms are visited at least every 14 days, 
but usually every 7 days. Each return trip from the 
project's headquarters in Maseno is about 150 km. Field 
trips start at about 800 hours and often continue into 
the afternoon. 

Tractors are used in preparing land at the 
research station whereas hand or animal drawn imple
ments are used for the same operations in the farmers' 
fields. Equipment such as field scales, balances, tape 
measures, drying ovens, etc., are used by the scien
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tists whether the experiment is at the station or at the 
clusters.
 

Requirements (detergents, milking pails, calibrated 
cups, seeds, fertilizers, and fencing material) can be 
obtained in nearby shops in the clusters. Many 
farmers cannot afford them at their present levels of 
income. 

DPG (one-half to three-quarters Toggenburg with 
East African crosses) are produced by the project or 
obtained from private breeders. Multiplication efforts 
have been restricted by the scarcity of dairy goats in 
Kenya. However, the recent lift of regulations limiting 
the introduction of exotic dairy goats may improve the 
supply. 
way to 
personal 

Currently, efforts 
test the application 
communication). 

by 
of 

the SR-CRSP 
A.I. methods 

are 
(Ru

under 
vuna, 

Methods of Data Analysis 

Methods of data analysis depend upon the type of 
data. The project uses an IBM XT 2 microcomputer for 
coding and updating kid and doe records and for 
preliminary summary and analysis. Simple and program
mable calculators are used widely by the project scien
tists and technicians. Support from mainframe comput
ers may be sought at times depending on special cir
cumstances and needs. 

METHODOLOGIES FOR ECONOMIC EVALUATION 

Farm-Management Data Collection 

Farm-management data are collected from primary 
and secondary sources. Primary sources include field 
survey and case studies of target farmers, local exten
sion officers, businesses, and other relevant respon
dents as well as technical experimenLs both at the 
research station and at the target farms. Secondary 
sources are places where needed data are already 
available for extraction. These include farm records 

2Mention of proprietary names does not constitute 
endorsement of the product and is for information only. 
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and published and unpublished documents, especially 
from MALD. 

For each study a questionnaire designed to enable 
collection of relevant data in a short time is prepared. 
Trained enumerators assist with data collec'Jion. They 
are made to understand clearly the purpose of the 
study, data to be collected, the design of the question
naire, and how tc interpret the questions to the respon
dent farmers. As much of the required data as pos
sible is extracted from secondary sources on the 
questionnaire to save time and money. The partly 
completed questionnaires are then used by the scientists 
and enumerators to collect data from the respondents in 
the field. For some studies, 1 day's visit to a respon
dent farm is adequate, but for others two or three 
visits per week by enumerators for an extended period 
of several months or a complete crop year have been 
used, with less frequent visits by the principal 
scientists for supervisory purposes. Technical 
experiments generate technical input-output data that 
are used for economic evaluations. Most of the 
collected data are stored in cabinet files or computer 
diskettes until they are ready for analysis. 

Data Analysis 

Economic evaluations of technical biological data in
volve quantification of costs and benefits of various 
production and management practices conducted by bio
logical on-farm and station trials and identification of 
the economically most promising practices. Certain com
mon methods for summarizing and analyzing farm-man
agement data have been applied, such as frequency 
distributions, tabular analysis, and accounting tech
niques - mainly partial-budgeting and gross-margin 
analysis. In this paper, partial-budgeting analysis is 
highlighted as it has been largely used for economic 
evaluations of biological data generated from the various 
research components. A partial-budget model is outlined 
in the following table and is applied for initial economic 
evaluations. One of the treatments of a biological 
practice is taken as a control. This control may be 
taken as the practice as close a possible to the current 
or most likely production or management practice of 
target farmers. The rest of the treatments are then 
evaluated against the control through partial budgeting. 
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Debits C:redits 

A. Additional costs C. Additional receipts 
B. Reduced receipts D. Reduced costs 

Incremental costs Incremental benefits 
Marginal net benefit 1B:C ratio or absolute 

marginal rate of return 

Incremental costs are the sum of additional (extra) 
costs and reduced (foregone) receipts. They are the 
direct and indirect costs that would be incurred over 
and above the costs of the control practice. Incremen
tal benefits are the sum of additional (extra) receipts 
and reduced (saved) costs. They are the direct and 
irdirect benefits that would be generated over and 
above the benefits of the control practice. Marginal net 
benefit (or cost if negative) is the difference between 
incremental benefits and incremental costs. The bene
fit-cost ratio (BCR) is the ratio of marginal net benefit 
(or cost) to incremental costs. It is the absolute 
-iarginal rate of return (or loss if negative) to incre
mental costs. BCR is the criterion for ranking and 
choosing among the several treatments of a trial. The 
higher the (positive) BCR, the more economically 
promising the treatment is and vice versa. Negative 
BCR implies that the control practice is the superior 
practice economically. 

The partial budgeting model used in these analyses 
is based upon the idea that only a minor (partial) 
change rather than a major (complete) change in farm 
operation 's conte;,,plated. The analysis is therefore, 
focused on that minor change in isolation, ignoring the 
rest of the farm operations. In similar ways, the par
tial budgeting of biological trials data is considered 
partial. It analyzes data from individual trials about 
particular farm practices in isolation. It does not take 
into account comprehensively the interrelationships that 
exist between the results of feed resources, nutrition 
management, health, and breeding projects. Such 



interrelationships can only bcL adequately dealt with 
through whole farm modeling. Complete farmer recom
mendations cannot, therefore, be generated by partial 
budgeting. Therefore, input-output coefficients are 
being compiled for subsequent whole farm (linear pro
gramming) modeling that will account for the risk 
element of farming among the target farmers in addition 
to their resources and other prevailing constraints. 

RESULTS AND DISCUSSION 

Dual-Purpose Goat Production Systems 

Production Variables 
The production variables of on-farm and on-station 

monitored dual-purpose goats initially measured during 
Stage 1 (limited scale goat placement) are presented in 
Table 1 (Brown et al. 1983b and Sidahmed et al. 
1984). These variables are being examined under the 
station-controlled data measurement schedule-. Data on 
milk production and consumption under different milking 
management systems (Table 2) have been collected using 
menus based on feeds available on farms. Evaluation 

and 

continues 
kids with 

using udder-harnessed 
mothers) and improved 

does (while 
feeding and 

keeping 
health

management packages to obtain data on the optimal 
potential for the dual-purpose goats. 

On-farm monitoring of live body weight changes 
kid growth rates in the three clusters continues for 

the third year (1983-85). Data on weight of kids on 
farm are presented in Table 3. Other data include 
changes in body weight of does (dual-purpose and local 
goats), local ewes, and local cows at 14-day intervals. 
Microhistological analysis of fecal samples from the four 
livestock classes have started and results are expected 
to provide important information on the competitive or 
complementary use of farm feed resources. 

The birth weights of kids born in Masumbi cluster 
were less (P <0.02) than those of kids born in Hamisi 
and Kaimosi (2.34 ± 0.05, 2.83 ± 0.16, and 2.94 ± 0.25 
- mean ± SE, respectively). However, all kids had 
similar body weights up to 180 days (Table 3). The 
mortality rate (from birth to 180 days) was higher 
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Table 1. Dual-purpose goat production variables.a 

On-stationc
On-farmb Group 1 Group 2 

Range Mean Range Mean Range Mean 

Milk production per 
lactation (kg) 62-292 140 15-154 113.0 14-139 65 

Days lactating 87-242 145 140-239 227.0 62-244 164 

Doe weight after 
parturition (kg) 25-44 32 25.0-34.5 30.2 24-42 33 

Doe weight at end of 
lactation (kg) - 25.5-33.5 28.2 20-39 29 

Daily weight change in 
150 days after 
parturition (g) -70-23 -21 4--4 -8 -64--12 -24 

Kidding date 3/5-4/9 3/28 10/2-10/12 10/10 1/1-3/2 2/9
 

a All animals fed local feed resources. 
b Ten does placed on small farms - western Kenya (Brown et al. 1983b).
c Fifteen does and 24 does (Sidahmed et al. 1984 and Sidahmed, unpublished data 1985, 

respectively ). 



Table 2. Performance (preweaning) and milk consumption of DPG kids. 

Kids raised on milk only Kids raised on milk and forage 

Item 1 a 2 3 4 1 2 3 4 

Total milk consumed (kg) 63 86 68 43 49 47 43 46
Milk consumed per day (g) 1100 640 370 280 390 550 320 250 
Milk consumed per kg LWG 8.1 12.7 15.1 15.3 10.5 8.6 7.0 8.4 
Growth rate (g/day) 129 53 40 19.0 70 84 45 30 
Age 	 at 10 kg weaning weight 

(days) 57 154 185 _b 90 89 147 183 
Mortality (% 20 0 25 100 20 40 20 17 
Numbei of kids 5 4 4 2 5 5 5 6 

Source: Sidahmed (1984), Sidahmed et al. (1984). 
a Treatment: (1) hand milking twice per day (morning and evening), all kids bottle 

fed to satisfaction; (2) hand milking once per day (morning), kids bottle-fed the exact 
amount produced by the mother in the morning and suckled the evening meals; (3) hand 
milking one-half (udder) and letting kid nurse the other half in the morning, reverse teats 
in the evening; and (4) hand milking - half way (to simulate what is actually done by
household members) followed by nursing kids immediately morning and evening).

b Both died before weaning. 



Table 3. Weight of kids on-farm. 

Age Masumbi Hamisi Kaimosi Placed* 
(days) No. of kids Body weight No. of kids Body weight No. of kids Body weight No. of kids Body weight 

a
Birth 13 2.34 20 2.83 b 12 2.94 b 16 2.50 b 

a
30 12 5 .65 a 20 6 .19a 12 6.36 15 5.20a
 

a
90 11 10.20 20 .38a 12 10.55a 13 .9 9 7 0a
 

a a
1)180 10 13.60 19 16.11 12 14.20a 12 13.00a
 

b
270 9 .9 0 a
19 19 18 .9 0a 12 25.50 8 
 1 5 . 7 0 c 

% surviving 
birth to 
180 days 70 
 95 100 75
 

Source: Sidahmed (unpublished data, 1985).
* Kids introduced to the trial farms from Maseno research station.
 
abc Not having the same superscripts in each row means they are significantly different (P<0.02 - <0.05).
 



among kids born in Masumbi (30%) and kids placed in 
the three clusters from Maseno research station (25%) 
than among kids born in Hamisi and Kaimosi (Table 3). 
This high survival rate among kids born in Kakamega
district should be considered when new DPG placements 
are considered. Pregnant or dry does should be placed 
rather than mothers with followers. 

Based on earlier research results, we have 
recommended weaning at 10 kg of body weight (Brown 
and Nderito 1983). Therefore, if this recommendation 
is accepted by the farmers, we should expect kids to 
be nursed up to the age of 100 days. This will providc
farmers with 100 days of shared doe milk and only 50 
days when all milk produced will be used by the house
hold members, assuming the doe is dried 5 months after 
kidding. 

On-Farm Evaluation of Natural Feed Resources 
The characterization phase of Kakamega and Siaya

smallholder farming systems has emphasized the impor
tance of unimproved lands as principal sources of rumi
nant feeds (Sands et al. 1982). Typically, animals 
spend most of the daytime tethered or herded on 
unimproved lands, along road sides, and in harvest 
fields. The contribution of these resources to the diets 
of dual-purpose and local goats was investigated. Both 
breeds of goats consumed submaintenance levels between 
21 June and 25 October 1984. Although both breeds 
had similar body weights, the amount consumed by the 
DPG was significantly (P <0.05) larger (1.79 ± 0.13 SE 
versus 1.36 ± 0.15 SE, respectively). Both breeds 
selected diets higher in crude protein and neutral 
detergent residue (NDR) than vegetation on-offer 
(P <0.05). However, in vitro dry matter digestibility
values were similar and below levels required by rumi
nants to attain maximum genetic capacity for perfor
mance in weight gain or milk yield (QIcDowell 1972). 

Using fistulated animals in remote farm trials 
necessitated collecLion of extrusa (diet) and fecal 
samples from goats other than those used during the 
initial sampling periods. Some fistulated animals died or 
were culled due to poor body condition. The experi
ence of the respondent farmers regarding foraging 
behaviour of goats was considered when diet sampling 
protocols were scheduled. It was observed by farmers 
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in western Kenya, and lately by the SR-CRSP staff, 
that active morning grazing starts at 1100 hours and 
not at 800 hours - the time when goats were released 
out of the night enclosures (bomas). Probably high, 
ground-level humidity during the early morning hours 
discourages foraging, particularly grazing, by goats. 

Information on utilization and quality of target feed 
resources was obtained from on-station metabolic 
studies. Local feedstuffs consumed by DPGs during 
early to late pregnancy (Brown et al. 1984b; Sidahmed 
1984) did not reflect what was offered in quality and 
quantity. By exhibiting a very selective behaviour, 
the goats consumed only small quantities of some feeds 
(i.e., Sesbania, pigeon pea, and napier grass), 
although the digestible energy of what was consumed 
was high. These subrequirement consumption rates 
resulted in poor performance (abortion, loss in body 
weight, etc.). The discrepancy between the value of 
feeds offered and the consumed portion was greater in 
tropical legumes with major differences between parts 
(i.e., leaves versus stems). Therefore, introduction of 
leguminous plants rather than grasses as interventions 
to DPG production systems should be done with care. 

Research priorities for the near future are to 
measure, with more precision, changes in consumption 
and animals' response when a larger variety of feeds is 
offered to goats. Also, plans are to measure the 
optional production variable of the DPGs under minimum 
health and nutritional constraints. 

Animal Health
 
,
On - of the significant findings reported in the 

animal health survey (Abinanti et al. 1982) was the 
prevalence of nematods in the local sheep and goats. 
In Siaya district, the prevalence rate was 84%, whereas 
in Kakamega it was 79%. Moderate infection (500 
eggs/g) was 36% and 51% in Siaya and Kakamega, 
respectively. Further work (Shavulimo et al. 1984) 
indicated that Tlaemonchus was not only the most pre
dominant nematod, but it was prevalent year round. 
Its potential for clinical disease and economic importance 
was recognized. Haemonchus contortus is regarded as 
the most important helminth parasite economically in the 
tropics and subtropics (Preston and Allonby 1979). 
Due to limited land resources (Sand et al. 1982) 
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intensive husbandry practices on farms result in 
intense pasture and pen contamination with parasite 
eggs by carrier animals. Station-reared goats exhibited 
more of both infectious and noninfectious diseases. 
This was apparently due to the crowded barn and 
pasture environment at the research station. On the 
farm, goats are kept in relatively fewer numbers and 
get more individual care by the farmers. Generally,
the highest rates of mortality were caused by mineral 
deficiency (2.9%), pneumonia (7.2%), and plant poison
ing (2.2%). 

A station-controlled study of resistance to 
haemonchosis was designed to evaluate the susceptibility 
of East African, Galla, and DPGs to the parasite H. 
contortus worm egg counts in the feces (EPG), pack-e'd 
cell volume (PCV) (a measure of anaemia), total serum 
protein (TSP), body weight, and mortality rates of the 
different breeds when infected or not. Initial analysis 
showed no significant differences between the three 
infected goat breeds in EPG, PCV, TSP, or body 
weight. However, mortality rates among infected Galla 
goats were the highest (67%). Survival among the local 
East African goats was highest. The influence of worm 
infestation as indicated by the number of eggs per gram 
(EPG) on PCV was not significant in these breeds, 
although the correlation coefficient of the simple linear 
regression (PCV = f (EPG)) was highest in data col
lected from East African 
-0.39, respectiveiy) and 
from the Galla breed (r = 

and DPGs 
lowest in 
-0.11). 
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Feed Resource Component 

Nutritive Value of Natural and Cultivated Forages 
Farmers practice cut-and-carry of forages to 

supplement tethering or a combination of tethering and 
grazing practices. The use of uncultivated plant 
species constitutes approximately 60% of the total 
biomass fed to the livestock, while the rest comes from 
cultivated ones. It is interesting that both natural 
grasses and common weeds have high contents of crude 
protein (CP) (17.0 and 23.6%, respectively). The level 
of CP in common weeds is similar to that of cultivated 
forage legumes. It should, however, be noted that 
some of the high protein levels in common weeds may 
not readily be available to support high livestock 
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productivity. The nutrition and management component 
of the SR-CRSP project in Kenya is examining these 
forages to establish their feed values. The cultivated 
forage legumes have been selected and evaluated for 
their nutritional qualities. Because these forage 
legumes have such high CP levels and grow readily in 
western Kenya, their potential as sources of high 
protein feeds is very promising. Forage legumes can 
also provide human food (e.g., Cajanus cajan), soil 
nitrogen 
Sesbania, 

fixation, fences, and shade 
and Gliricidia species). 

(e.g., Leucaena, 

Intercropping Feed/Food Crops 
Because of high land pressure in the study areas, 

most of the land is planted under food crops, thereby 
leaving little fallow land for communal or family grazing 
needs. It has, therefore, become necessary to develop 
experiments in which food and forage crops are inter
cropped. In such crop combinations, the forage crop 
should not significantly reduce the yields of the 
associated food crops. Maize is the main food crop in 
these areas and, therefore, several potential forage 
crops have been tested with it. Tested forage crops 
were legumes (pigeon pea, Sesbania) and Sudan grass. 
These crop combinations were grown with or without 
NPK (20-20-0) fertilizer at the rate of 40 kg/ha of 
NP 2 05 . Although this trial was conducted at three 
sites, data from only one site (Kaimosi) will be 
presented here to show the interaction of combinations. 

There were no significant differences (P <0.05) in 
maize grain yields between the various treatments in 
nonfertilized plots, except between maize/Sudan grass, 
maize/Sesbania, and maize/pigeon pea. In the fertilized 
plots, maize/pigeon pea intercrop significantly (P<0.05) 
out-yielded both pure maize and maize/Sesbania inter
crop. There were no significant differences between 
other crop combinations. 

In the nonfertilized plots, the maize/Sudan grass 
intercrop performed significantly (P <0.05) poorer than 
both the maize/Sesbania and maize/pigeon pea combina
tions. The nonfertilized maize/pigeon pea plot gave the 
second highest grain yield (2.34 mt/ha cf. 2.47 mt/ha 
in maize/Sesbania). It should, however, be noted that, 
although nonsignificantly different (P > 0.05), pure 
maize yields ranked third in both fertilized and 
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nonfertilized plots. Considering both fertilized and 
nonfertilized plots, intercropped plots yielded more 
grain than pure maize plots by 0.35 mt/ha (18.92%). 
Data on the effect of fertilizer on forage dry matter 
yields in Kaimosi show that fertilizer increased forage
dry matter yields by 6.9 mt/ha (57.31%). Intercropping 
increased forage dry matter yields by large margins, 
11.95 mt/ha (174.45%) and 18.27 mt/ha (166.09%) in non
fertilized and fertilized plots, respectively. 

Several food crops also have a potential for 
producing animal feeds. In our experiment we have 
observed the following forage yields over several loca
tions and seasons: maize 18, pigeon pea 4, sweet 
potato 5, and f'nger millet 4 mt DM/ha per 4 months, 
respectively. It would, therefore, seem that in western 
Kenya, fallow grazing lands can be efficiently replaced 
by forages derived from the cut-and-carry of weeds 
and planted forage crops, intercropping food crops with 
forage crops, and utilizing forage parts of food crops. 

On-Farm Feed Storage 
Efforts for efficient on-farm silage making were not 

successful (Brown et al. 1983a). Therefore, a hay
bailing technique using wooden boxes was tried. If 
successful this intervention will permit farmers to store 
surplus feeds for use during the dry season. The 
feasibility and cost of the hay-making boxes are cur
rently being evaluated by the project scientists. 

Economic Evaluation 

The economic analysis of the performance of DPG 
kids under different preweaning feeding practices 
(Table 2) has been performed (Mukhebi and Sidahmed 
1985). The analysis quantifies economic costs and 
benefits of the following preweaning kid milk-feeding
practices (Table 4) with and without forage supplementa
tion: feeding milk ad libitum, feeding mother's milk 
only; feeding half mother's milk (half udder); and feed
ing about half mother's milk. The analysis also 
assesses the impact of forage supplementation (Table 5) 
and identifies the most promising economic feeding 
practices. The major results of economic analysis were 
(a) feeding kids milk ad libitum is economically inferior 
to the rest of the practices considered, with or without 
forage supplementation; (b) when a forage supplement 
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Table 4. Economics of kid milk-feeding practices with and without forage from birth to 
weaning, Maseno Research Station, 1984 (in Kenyan shillings (KES) per weaned kid).a 

Feeding milk only Feeding milk plus forage 
Net Net 

Total Total gain (+) Total Total gain (+) 
gainb lossb loss (-) gain loss loss (-) 

Feeding milk ad libitum Control 

Feeding mother's milk only 328.77 108.03 +220.74 56.57 43.47 + 13.1 
(2.0)c (0.3)


Feeding half mother's milk 400.10 170.43 +229.67 244.42 90.96 +153.46 
(1.3) (1.7)

Feeding about half mother's 
milk - - - 334.22 131.30 +202.92 

(1.5)
Mean gain or loss 364.44 139.23 +225.21 211.74 83.58 +123.16 

(1.6) (1.4)
 

a 1 US$ = 16 KES.
 
b Incremental benefit (gain) or cost (loss) as compared to feeding milk ad libitum 
 used 

as control. 
c Figures in parentheses are benefit:cost ratios (BCR) computed as a ratio of net gain 

(+) or loss (-) to total loss. BCR is an absolute marginal rate of return on incremental 
costs. When multiplied by 100, it yields a percentage return. 



Table 5. Economics of feeding kids from birth to weaning with milk plus forages as 
compared to milk 	 only without forage, Maseno Research Station, 1984 (in Kenyan Shillings 

(KES) per weaned kid).a 

Feeding kids with milk plus forage 
Total Total Net gain (+)

Feeding practice gainb lossb loss (-) 

Feeding milk ad 	 libitum 180.44 256.90 	 -76.46 

(-0.3)cFeeding mother's 	milk only 34.24 	 228.07 -193.83 

(-0.8)0" Feeding half 	mother's milk 61.26 43.47 +17.79 

(0.4)
Feeding about half mother's milk -
Mean gain or loss 91.98 	 176.15 -84.17 

(-0.5) 

a 1 US$ = 16 KES.
 
b Incremental benefit (gain) or cost (loss) as compared to the same feeding practice
 

without forage. 
c Figures in parentheses are benefit:cost ratios (BCR) computed as a ratio of net gain 

(+) or loss (-) to total loss. 13CR is an absolute marginal rate of return to incremental 
costs. When multiplied by 100, it yields a percentage return. 



is not provided the practice of feeding the kids 
mother's milk only is the most promising economically, 
followed by feeding half mother's milk; (c) when a 
forage supplement is provided, feeding half of mother's 
milk is economically the most promising practice, and 
(d) overall, it is uneconomical to supplement milk with 
forage in preweaning kid feeding practices, except 
when the practice of feeding half mother's milk is 
adopted. 

Another economic analysis (Mukhebi and Onim 
1985) had the objectives to quantify economic costs and 
benefits of intercropping selected forage crops (Sudan 
grass, Sesbania, and pigeon peas) with maize, the 
staple crop, assess the economic impact of applying 
fertilizer to maize in both pure stand and intercropped 
with the forage crops, and identify, economically, the 
most promising maize-forage intercrops for the Kaimosi 
cluster-type of farming systems. 

The major findings were (a) intercropping forage 
crops with maize yields greater economic returns, as 
much as 4100 KES/ha (1 US$ = 16 Kenyan shillings 
(KES)), than pure stand maize, with or without fer
tilizer application; (b) applying fertilizer to maize in 
pure stand or intercropped with forage crops yields 
greater economic returns (as much as 6600 KES/ha) 
than the same crops unfertilized; (c) when fertilizer is 
not applied, the maize-pigeon pea and maize-Sesbania 
intercrops fertilizer, in that order, are the economically 
most promising maize-forage intercrops; (d) when 
fertilizer is applied, maize-Sudan grass and maize
pigeon pea intercrop, in that order, are the most 
promising intercrops. 

The economics of internal parasite control among 
goats has been assessed (Mukhebi et al. 1985). The 
analysis quantifies economic costs and benefits of con
trolling HI. contortus worms among three breeds of 
goats - East African (EA), Galla, and East African x 
Toggenburg Cross (EA x T) - and assesses the per
formance of the three breeds of goats under controlled 
and uncontrolled worm infestation conditions. 

The main findings reveal that: (a) substantial 
economic benefits are generated from drenching EA 
(BCR = 3.4), Galla (BCR = 5.5), and EA x T (BCR = 
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5.8) against internal parasites; (b) EA goats are eco
nomically superior to the Galla and EA x T goats under 
uncontrolled internal parasite conditions; and (c) the
EA x T goats are economically superior to the Galla 
goats both under controlled internal parasite conditions 
and superior to the EA only under controlled parasite 
situations. 
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DESIGN AND IMPLEMENTATION OF IN-HERD/ON-RANGE 

TRIALS: USE OF SENTINEL HERDS 

B. Fadlalla and Richard H. Cook 

Western Sudan Agricultural Research Project/Kadugli 
(WSARP), Agricultural Research Corporation, P.O. Box 

5141, Khartoum South, Sudan 

Abstract The establishment of sentinel herds and 
flocks is one means for overcoming .some of the obsta
cles facing farming-systems researchers addressing the 
problems of pastoral-production systems. The design 
and adoption of production-increasing interventions 
requires attention to both the identification of the major 
causes of production constraints and an understanding 
of how producers mobilize their resources to achieve 
their production objectives. For new technologies to be 
adopted by producers they must be demonstrated to be 
superior to existing pastoral practices. The diagnosis, 
design, and testing of a technology may require ex
tended periods of data collection that involve the 
handling and sampling of animals. Pastoralists are, 
however, reluctant or unwilling to permit the manipula
tion of their animals as this disrupts their daily 
management routines. 

Sentinel herds and flocks, owned by the research 
station but similar to traditional groups in composition 
and management, have provided the Western Sudan 
Agricultural Research Project (WSARP) with opportuni
ties to (a) initiate diagnostic studies; (b) plan, design, 
and implement researcher-managed trials; and (c) famil
iarize pastoralists with research methodology while 
familiarizing researchers with some of the problems of 
pastoralists. These interactions between research staff 
and producers have resulted in the concurrent imple
mentation of applied and adaptive trials with producer 
animals. 
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Resume L'un des moyens de vaincre certains desobstacles qu'affrontent specialistes quiles s'attaquentaux probl'mes de la production pastorale consiste dansla formation de troupeaux avant-coureurs. La conception et l'adoption d'acrivit6s visant accroltre laproduction a
exigent que l'on connaisse les obstacles ' eliminer et que l'on comprenne comment les producteusutilisent leurs ressources pour realiser leurs propresobjectifs de production. Pour que les producteursadoptent de nouvelles technologies, il est n~cessaire ded6montrer que ces dernieres sont sup~rieures auxpratiques pastorales existantes. Les 6tudes diagnosti

ques et les travaux de conception et de v~rification,qui accompagnent toute technologie, ncessitent parfoisque l'on consacre de longs moments a la collecte desdonnges, de m~me qu' la manipulation et a I'6chantil
lonnage des animaux. Or, les pasteurs h6sitentpermettre une a

telle manipulation ou meme sly refusent,puisque cela d~range l'organisation habituelle de leurs 
journees de travail.
 

Les troupeaux avant-coureurs sont 
 la proprigtg dela station de recherche, mais par leur composition
par le type de gestion dont ils sont l'objet, ils sont

et 

semblables aux troupeaux traditionnels. Ils ont permisau Western Sudan Agricultural Research Project(WSARP) (a) d'entreprendre des 6tudes diagnostiques,(b) de planifier, concevoir et mettre ia oeuvre desessais diriggs par les chercheurs et (c) de faire d~couvrir aux pasteurs les m~thodes de recherche, etchercheurs aux
certains probl~mes de la vie pastorale.Fruit d'une telle interaction entre chercheurs et producteurs, c'est 
la mise en enoeuvre collaboration avecles producteurs, d'essais pratiques et adaptables. 

Sudan is the largest country in Africa with a totalland area of approximately 2.5 x km 2 and a106 popula
tion of more than 20 million. Topographically, thecountry is a vast plain with only occasional hill andmountain ranges, encompassing a diverse array ofecological zones that roughly follow a north-southgradient. These zones range from desert and sparsescrubland in the North, through arid and semi-aridbrushland and wooded savannas, to lush grasslands,
woodlands, and closed-canopy forests in the South. Itis estimated that the potential livestock utilization ofthese zones represents 57% of the country, 1.4 x 106kin2, (Bunderson et 1984),al. with 79% of this figure, 
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i.e., 45% of the country, occupying the drier ecological 
zones. 

Sudan's national herd currently numbers about 53 
x 106 head, with 19.6 x 106 cattle, 18.2 x 106 sheep,
13.2 x 106 goats, and 2.6 x 106 camels (Booker Agri
culture International Ltd 1981). In terms of tropical
livestock units (TLU), these numbers collectively repre
sent 30.4 x 106, accounting for about 17.7% of Africa's 
ruminant population (Winrock 1981). Cumulative per
centages indicate that the north of Sudan is resident to 
about 75% of all the livestock and 65% of the cattle 
(Booker Agriculture International Ltd 1981). 

Economically, agriculture contributes approximately
40% to the total gross domestic product (GDP) and 
approximately 95% of total export earnings while provid
ing a livelihood for 80% of the population. Livestock 
account for roughly one-half of agriculture's contribu
tion to he GDIP and a much smaller percentage to 
export earnings. Total foreign exchange earnings
derived from livestock exports amounted to approximate
ly US$39 million in 1979/80, rising to more than US$70 
million in 1981/82. Earnings in 1982/83 were about at 
parity with 1981/82 levels, although cattle exports
Juring the period were only about 50% of the 1981/82
figures as a result of quarantine restrictions imposed
by importing countries in response to rinderpest out
breaks in Sudan's cattle-producing areas. Sheep 
exports, however, rose by more than 22%, off-setting
the potential foreign-exchange losses resulting from 
decreased cattle exports. 

The target area for the Western Sudan Agricultural
Research Project (WSARP) encompasses the two western 
regions of Darfur and Kordofan. These regions repre
sent an area of about 850,000 km 2 and contain a popula
tion of about 6 x 106 (Department of Statistics, Ministry
of Finance and Planning 1983). In terms of contribu
tion to national livestock production, these regions
contribute an estimated 40% of the cattle, 37% of the 
sheep, 42% of the goats, and 58% of the camels (Booker
Agriculture International Ltd 1981). Within the live
stock sector three production systems predominiate:
transhumant, nomadic, and sedentary. However, the 
vast majority of livestock are found in the transhumant 
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and nomadic systems, with tbh former accounting for 
the majority of the cattle production. 

The specific target area for the studies discussed 
in this paper is the southern part of the Kordofan 
region. Within this area, the majority of livestock are 
found in the transhumant system and, based on this 
factor and the apparent comparative economic advantage 
transhumant producers have with respect to livestock 
production, research activities have focused on this 
production system. 

The basic components of the Baggara transhumant 
'.ystem are illustrated in Fig. 1.1 This system, which 
is dominated by an extensive livestock component, 
chiefly cattle, but including sheep and goats, is 
characterized by a pattern of transhumance involving 
migrations of varying distances to arid, sandy ranges 
in the North during the rainy season, returning to 
specific areas in the clay-dominated ranges of the South 
during the dry season. Traditional livestock-manage
ment practices have developed in response to the need 
for securing year-round sources of forage and water 
and escaping the mud and fly problems associated with 
the southern ranges during the rainy season. 

With the start of the rains in May and June, 
transhumants leave their dry-season camps and move 
with their cattle to areas that have received the early 
rains. This movement, which usually involves only 
men, gives animals access to grazing areas that were 
previously inaccessible during the dry season because 
of the absence of water. In addition, the laborious 
task of hand-drawing drinking water for livestock 
becomes unnecessary. Animals exploit locally available 
grazing and water during this time and will only start 
the northward trek in July after the major rains com
mence. 

The trek northward progresses at a rate of 10
20 km every second or third day, although the 

1Exploratory surveys of the transhumant system 
were conducted by Dr W. Trent Bunderson, Range 
Ecologist; Dr Babo Fadlalla, Animal Nutritionist; and Dr 
Joel 'reitelbaum, Anthropologist. 
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Fi;.I 1. Pastoral production system. 

frequency of movement and the daily distances traveled 
are a function of several factors: 

(a) The presence of cultivated fields in the area,
which are a source of conflict with sedentary farmers, 
may force a fario (group of related families) to avoid an 
area entirely or extend the daily trek so that livestock 
intrusion into fields is minimized; 

(b) Abundant sources of surface water and forage
may extend the period of time spent at intermediate 
stops along the migration route; and 

(c) Additional time bemay spent at intermediate 
stops where a particular migratory group has family ties 
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with a sedentary farming group, and joint efforts at 
cultivation may be undertaken. 

The entire trek lasts for about 1 month during an 
average rainfall year, whereas the actual total distances 
traveled vary with the transhumant group and the 
amount and distribution of rainfall. The time spent 
grazing the northern ranges varies from 1 to 2 months, 
depending on the -vailability of forage and water, with 
the southern trek generally commencing in mid- to late 
September. The strategy during the southern trek is 
to leave the North as early as possible to ensure 
enough grazing and water en route. In 1984, it was an 
exceptional year in that the total rainfall was roughly 
one-half the long-term yearly average for both th, 
northern and southern regions. This forced many 
transhumant producers to spend the entire rainy season 
on the southern ranges for the first time in recent 
history. 

By mid-October through November, transhumants 
begin arriving in the South. During this period full 
use is made of the grazing around temporary water 
sources, leaving the forage close to permanent sources 
of water for use later in the dry season when water 
supplies become more liniting. This strategy is suc
cessful because there are apparently some traditional 
user-rights to wells based on their continual use year 
after year. By mid-December or early January, trans
humants settle for the remainder of the dry season, 
unless forced to move because of range fires, which 
deplete forage resources, or disease outbreaks such as 
rinderpest or contagious pleuropneumonia. During the 
dry season, farigs locate their camps near shallow-dug 
wells on the footslopes of hills or in dry, ephemeral 
stream beds (khors). Other groups depend on perma
nent sources of surface water for their animals. Farigs 
remain in these dry-season camps until the onset of the 
early rains when the cycle begins again. 

Livestock productivity in traditional herds is 
characterized by long parturition intervals, poor neo
natal growth, low milk production, and low average 
yearly weight gains for all classes of livestock. 
Diseases pose less of a constraint on improving produc
tivity than poor nutrition, although long-term changes 
in the existing system, which may attempt to exploit 
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the southern ranges more efficiently, will have to deal 
with several additional disease constraints that now limit 
their utilization. 

Subsistence transhumants characteristically have 
multiple production objectives with regard to their 
livestock enterprises. For cattle, intermediate products
such as milk and transportation play a dominant role,
whereas increasing herd size is viewed improvedas 
security and equity on which to draw for large cash 
expenditures such as school fees, customary obliga
tions, and pilgrimages. Milk production plays an impor
tant and unique role in the total production picture
because it represents a commercialization process
controlled by the women. Raw milk, as well as several 
milk products, are sold by women to provide cash for 
the purchase of market goods. Small ruminants, sheep,
and goats, provide meat for household consumption but, 
more important, are heavily commercialized to provide
cash for the purchase of market staples, especially food 
grains. 

Several factors are considered important in the 
maintenance of transhumance: (a) biting flies, disease, 
and mud are most frequently cited by producers as the 
major factors forcing northerly migrations during the 
rainy season; (b) access to "free" pasture and water 
across ecological zones provides an escape in the case 
of drought or disease outbreak; (c) the quality of 
forage on the sandier, northern ranges is claimed by
producers to be superior to that found on the southern 
clay plains. This claim has been supported by studies 
conducted in similar ecological areas in Western Africa 
(Breman and deWit 1983); and (d) other factors that 
include better access to markets in the North. 

The Baggara transhumant system, similar to most 
pastoral systems, is highly mobile. Advantages of this 
mobility have already been cited; however, it has sever
al disadvantages, a principal one being the lack of con
irol over management of the natural resources, which 
precludes the introduction of many range-management 
practices. In such situations, individuals try to maxi
mize their share of a common resource by keeping large
numbers of animals, frequently resulting in ra geland
deterioration. In the Kordofan region, this practice is 
especially critical in the fragile northern thatareas 
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are heavily grazed during the growing season with the 
result that plants are grazed before seed-set, reducing 
their chances of reestablishment during the following 
season. The situation is different in the southern 
areas because grazing pressures occur after the plants 
have reached maturity and shed their seeds. However, 
range fires in the South have been reported (Bunder
son 1984) to destroy some 30% of the annual forage pro
duction during the dry season. 

Poor dry-seasen nutrition is the major constraint 
limiting cattle production in South Kordofan. It is the 
result of several factors, including the limited avail
abilit., of permanent water sources and the resultant 
depletion of nearby forage reserves and the poor qual
ity of standing hay. Under such conditions, animals 
have been shown to lose about 28% of their liveweight 
during the pe-iod of January through June, with 71% of 
this loss occurring in the last month (Fadlalla 1984). 
Poor nutrition is also complicated by the presence of 
endemic diseases such as bovine farcy, streptothricosis, 
and internal/external parasitic infestations. Infra
structural problems, such as the untimely availability of 
vaccines, drugs, and feed supplements, and the lack of 
good markets, market information, and roads, further 
limit management options available to producers to solve 
major production constraints. 

METHODOLOGY
 

Use of Sentinel Herds in Farming Systems 
Research (FSR) 

During the formulation of our research program, it 
was realized that neither station research activities nor 
a strict adherence to farming systems methodology 
designed for sedentary production systems would be 
appropriate for a research program focusing on produc
tion problems of transhumant production systems in 
South Kordofan. Off-station research was considered 
essential to take into consideration both the seasonal/ 
locational variations transhumants experience in the 
available environmental resources and the socioeconomic 
factors influencing the allocation of household resources 
to achieve production objectives. In addition, it was 
noted that in many cases, research activities focusing 
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on pastoral systems took a relatively long time in which 
to complete diagnostic surveys, technology design and 
testing, and producer-managed adoption trials. There
fore, programmatic attcinpts that were designed to 
shorten this time-frame were considered highly desir
able. 

One alternative considered was the immediate use 
of producer animals to carry out diagnostic studies and 
then in-herd trials, assuming an appropriate technolog
ical intervention had been identified. However, trans
humants in our area vere reluctant to cooperate with 
station staff, because these activities necessitated the 
handling, sampling, and weighing of animals. More
over, such manipulative procedures had to be conducted 
over extended periods of time tc assess the interrela
tionships of season, physiological status, and ecologic
al/managerial setting on productivity. Initially, we 
were faced with a "Catch-22" situation, where research
ers were convinced of the necessity to work with 
producers and their animals to diagnose appropriately 
the causes of production constraints and identify poten
tial interventions; yet producers had to see and be 
convinced that these procedures would not have a 
detrimental impact on their animals before they would 
even consider cooperating. They also had to gain some 
appreciation and understanding of the long-term nature 
of many production-increasing interventions before they 
would give their continued cooperation throughout the 
diagnostic and testing phases. Consequently, consider
ation was then given to establishing sentinel herds to 
initiate our research program. 

Within the context of established farming systems 
research (FSR) methodology several phases were con
sidered appropriate for utilizing sentinel herds as a 
research tool, e.g., in diagnostic studies focusing on 
physical and biological parameters of the production 
system, implementation of applied research trials, and 
on adaptive trials. In the case of adaptive trials, 
sentinel herds were considered to be a good method by 
which to demonstrate potential interventions to pro
ducers under conditions comparable to their own. Al
though we made every attempt to simulate transhumant 
conditions, it was not possible to anticipate or account 
for all the socioeconomic factors that influenced pro
duction priorities and resource management in the tar
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get system. Accordingly, limited exploratory surveys 
were undertaken by teams of scientists to examine how 
tracditional households allocated their resources among 
various production activities and how they prioritized 
their production objectives. 

Considerations for Initiating Sentinel Herd Studies 

Two fundamental factors had to be considered if 
we were to implement sentinel herd studies where we 
could collect data that were relevant to our target 
group. First, we had to know some details about 
transhumant production enterprises, specifically the 
magnitude of available natural and biological resources 
and, second, how these resources were managed. 
Because the predominate enterprise for transhumants in 
southern Kordofan was cattle production, this species 
was selected for our initial sentinel herds. Review of 
secondary sources revealed a scarcity of information 
relating to cattle productivity in our target system, 
therefore, we decided that it was necessary to acquire 
some baseline productivity data from sentinel herd 
studies. We then had to obtain information on tradi
tional herd size and demographics to compose our sen
tinel herds. 

Such information was collected from livestock 
surveys, carried out (Bunderson et al. 1984) during 
the dry season of 1981 and 1982. This season was 
opportune because livestock were concentrated around 
permanent sources of water, simplifying the logistics of 
the survey, and animal purchase was advantageous for 
the research station because of high seasonal sales and 
comparatively low prices. In these surveys, animals 
were counted and their ages assessed using owner 
"estimates" and dental examinations that were compared 
to published eruption/wear dates. Table 1 illustrates 
the composition of a "typical" transhumant herd in our 
target area. 

The next step was the acquisition of the animals. 
The major source of animals in our area was from the 
local markets. This exercise required several visits 
over a period of 2 months during the dry season. The 
major problem experienced during these purchases was 
the scarcity of healthy, adult female animals being 
offered for sale, because transhumants usually sold 
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Table 1. Composition of a 'typicalm transhumant cattle 
herd and the WSARP migratory sentinel herd. 

Age Transhumant Sentinel 
Sex group herda herd 

Calves (mixed) <12 months 16.3 16.4 

Females 12-23 months 5.6 4.9 

Males 12-23 months 4.1 1.6 

Females 2-4 years 10.6 13.1 

Males 2-4 years 7.1 9.8 

Females >4 years 43.0 45.9 

Females (calved) >4 years 33.6 36.1 

Males (total) >4 years 13.3 8.2 

Castrates > 3 years 5.0 6.6 

Average herd size 114 51 

aBunderson et al. (1984). 

either male or immature female animals. Adult females 
were sold only when they were old or had some health 
or reproductive problem, and the latter condition was 
extremely difficult to assess under market conditions. 
Thus, the quality of breeding females that were pur
chased would likely have an important impact on future 
data collection. The only other option would have been 
to purchase immature female animals, in which case the 
collection of productivity data would have been delayed 
for several years. 

Next came the question of how our sentinel herds 
were to be managed. Our migratory herd was entrust
ed to a transhumant from our target area. Employed
by the research station as a salaried staff member, he 
took responsibility for maintaining the herd under 
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conditions as close as possible to those prevailing in the 
area. With his considerable knowledge and experience 
in migrations between southern and northern Kordofan, 
he was given virtually total authority for deciding 
routes and the timing of movements. He and his family 
migrated with the herd, accompanied by a research 
assistant who was responsibile for data collection. Two 
oxen were provided for the manager's household to pro
vide transport during migration and a donkey was pro
vided for the research assistant. Seasonal grazing 
practices were similar to those adopted by our target 
group. Milking was done once or twice a day, depend
ing on the season, with one front and rear quarter 
being milked out, the others being left for the calf to 
suckle. Once the quantity of milk removed was mea
sured, it was given to the manager's household. How
ever, it was stipulated that all milking was to be done 
by the men, a chore often traditionally done by the 
women. The intent was to minimize the possibilities of 
excessive milk being taken from the dam, thus depriv
ing the calf, for sale to local cheese factories or in 
towns and villages along the migration route, which is 
traditionally the women's responsibility. 

Preventive herd health measures involved 
vaccinations against diseases common to the area and 
the vaccines were also locally available to the producers' 
herds. The collection of research data was done by the 
research assistant and included adult weights, initially 
on a monthly basis; calf weights, on a monthly basis; 
and milk production, on a daily basis. Research station 
staff made frequent visits 
data collection, including, 
above, seasonal blood and f

to the herd and 
in addition to 

ecal samples. 

assisted 
that cited 

in 

Merits of Sentinel Herds as a Research Tool 

We have found that our migratory sentinel herd 
has played an important part in our research program 
by providing us with an opportunity to 

(a) Commence immediate and continuous collection 
of baseline productivity data on a wide range of parame
ters and to identify some seasonally critical constraints 
to cattle productivity; 

-(b) Initiate several applied research trials such as 
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the testing of impregnated ear tags to control flies and 
external parasites and strategic treatment regimes of 
antihelmentics to control internal parasites; 

(c) Commence applied nutrition studies on 
voluntary intake and seasonal diet quali'v I, examine 
critically seasonal nutritional deficiencies; 

(d) Collect data and monitor animals on a 
continuous basis. Because of annual variations in rain
fall and, therefore, available forage and water, long
term baseline production data Lave been important in 
helping to define and prioritize future applied research 
activities focusing on anticipated future problems within 
the target system. Such data have been helpful in pro
viding regional planners and policymakers with informa
tion on which to evaluate long-term trends in animal 
productivity and resource management. For example, 
we have found that some data generated from our 
sedcntary sentinel herd have provided some insights
into solving potentially important health constraints that 
transhumants will likely face if they attempt extended 
seasonal utilization of the southern clay plains; and 

(e) Improve our contact with producers and
facilitate discussions with them concerning their pro
duction problems and constraints and demonstrating to
them our experimental methodology. The migratory
sentinel herd has proven to be a good vehicle for educa
tion. Over a 2-year period producers have become con
vinced that our handling and sampling techniques did 
not have a detrimental impact on our animals, and, in 
fact, our sentinel herd was considered "above average"
in terms of general condition by producers after only 2 
years. This, despite the fact that we likely started
with inferior animals when compared to the average pro
ducer herd. As contacts grew and confidence was 
established between research station staff and pro
ducers, requests began coming from producers to 
initiate studies in their own herds and flocks. 

Data generated from some of our initial studies 
migratory herdwith the sentinel focused our attention 

on several potential areas for adaptive research trials. 
One such trial, involving protein/phosphorus supple
mentation during the latter stages of the dry season 
was initiated in 1984 with 100 producer animals. 
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Confidence generated during the initial stages of Lhis 
trial encouraged producers to discuss potential trials, 
and we have recently implemented ai adaptive trial with 
200 producer sheep looking at salt/phosphorus supple
mentation during the peak lambing/lactation season. 

During our initial activities, where much of our 
work entailed sampling of animals, the research station 
assisted producers in acquiring vaccines for their 
animals. Once a contract was signed to initia'e an 
experimental trial, the station also agreed to provide
limited health care for animals on experiment, but only 
if animals were examined and samples taken for labora
tory analysis. Simply giving drugs to producers to 
treat their own animals has not been encouraged. 
Several trials were also undertaken with producers to 
test the efficacy of several locally available antihel
mentics and acaricides. These drugs were payed for 
by producers, administered according to the recommen
dations of scientists, and then evaluated by both the 
producer and scientist as to their cost, effectiveness, 
ease of administration, and availabilit y. Further 
treatments were left for the producers to implement. 

Shortcomings of Sen" -1 Herds in Farming Systems 
Research Programs 

Sentinel herds are only an approximation of the 
traditional system. They are, however, a closer 
approximation than can be achieved under research 
station conditions, but they do have important limita
tions. Because of their size, prescribed management 
options, limited ecological diversity (a problem in any 
research program where sampling size is restricted), 
and limited market interactions to provide incentives for 
marketing animals, sentinel herds cannot be expected to 
represent the spectrum of differences found witlin a 
recommendation domain. 

Given the limitations posed by their composition 
and management, such herds will not identify many of 
the complexities associated with household decision
making. Because of the diversity in the type of pro
ducts produced, their uses, their benefactors, and 
their multifaceted contribution to household security and 
cultural obligations, livestock productivity is extremely 
difficult to quantify and prioritize for subsistence 
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pastoralists. In general, these factors can only be 
understood through continual contact with producers,
gaining their respect and confidence. 

Long-Term Role for Sentinel Herds in Farming Systems 
Research Programs 

In the final analysis, the success of interventions 
will be determined by their adoption by target group
members through ofimplementation producer-managed,
in-herd trials. This final phase of the research pro
gram follows several design and testing phases all of 
which may or may not have been undertaken for each 
technological intervention. However, within this 
farming-systems research framework we feel that sen
tinel herds can play an important, dynamic role in 
programs focusing on pastoral production systems.
Figure 2 is a graphic illustration of how sentinel herds 
have con ributed to WSARP's transhumant farming sys
tem research effort compared with that of producer
herr.-. Sentinel herd contribution has been concen
trated in the earlier phases of our research program,
specifically in diagnostic or technology identification 
studies and applied research trials. In part, the focus 
of sentinel herd activities illustrated in Fig. 2 reflects 
the present stage of WSARP's activities. As the
research program continues, the role of sentinel herds 
will likely change, responding to program priorities. In 
our experience, sentinel herds are well adapted for 
undertaking applied research trials. In our program,
depending on the nature of the technology being
tested, trials may be initially implemented in the 
sentinel herd before producer herds, but in other cases 
applied/adaptive trials may be taken directly to 
producer herds. In the latter case, it has been our 
experience that, i.iitiaJly at least, such trials should be 
conducted under researchermanaged conditions. 

There is a continuing need for applied research 
activities in pastoral farming-systems research pro
grams. If such programs are going to assist in the 
evolution of pastoral systems they must address critical, 
current problems as well as attempt to anticipate future 
constraints the system is likely to face. In this 
context, sentinel herds provide an important research
tool for examining both present and future production
problems. In addition, they provide for a continuity 
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of field activity that reinforces producer contact and 
builds producer confidence. Such herds provide a 
mobile laboratory where all results are open for pro
ducer scrutiny and where even the most diehard 
research station-oriented scientist has to experience and 
cope with some of the practical problems faced by his 
clients. In our expe'rience, sentinel herds have pro
vided research station staff with as much opportunity to 
learn as the producer. 

CONCLUSIONS 

The incorporation of sentinel herds and flocks into 
farming-systems programs that are addressing produc
tion problems associated with pastoral production sys
tems can provide a vehicle for "quickly" implementing
limited diagnostic, applied, and adaptive research 
activities. Such herds and flocks can reduce the time 
frame and some of the logistical problems commonly
associated with conducting field research in pastoral
environments. At the same time these animals can 
serve as an important demonstration and educational 
tool. The maintenance of sentinel herds also requires a 
continual field presence, which encourages research 
station staff to spend more time in the field. Sentinel 
herds can provide a good "first approximation" to 
producer conditions for the implementation of applied
and adaptive research studies without requiring exces
sive producer risk or the potential compromise of good
scientist/producer relations. To a considerable extent, 
sentinel herds can replace research station experimental
animals, avoiding some of the problems associated with 
the transfer of technology from controlled research sta
tion conditions to the highly dynamic and uncontrollable 
environmental conditions of the pastoralist. 

Within the context of agricultural research in 
developing countries, resources forwhose research are 
generally very limited, a research mode involving the 
use of sentinel herds, rather than the necessity of 
having elaborate research station facilities, is attrac
tive. Such a program does not excessively compete for 
scarce research resources with established research pro
grams, and it offers a complementary, noncompetitive
research approach with the likely already established, 
discipline, commodity-oriented programs. Such a 
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farming-systems program can help in fostering a vision 
of research complementarity on the part of professional
agricultural researchers in developing countries, a 
critical first step in the institutionalization of farming 
systems philosophy within national agricultural research 
programs.
 

Sentinel herds cannot substitute for producer
herds. The reliability of data generated from sentinel 
herds and their applicability across a recommendation 
domain is dependent on how well researchers under
stand their target system, its natural, biological, and 
socioeconomic resource base, and how closely these 
factors can be duplicated and traditionally managed 
under conditions that are not truly traditional. 
Sentinel herds and flocks provide, at best, only an 
approximation 
obviate many 
traditionally 

of the traditional system because 
of the socioeconomic relationships 

exist between pastoralists and 

they 
that 

their 
animals. 
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Abstract On-farm supplementation of sheep and 
goat diets with minerals and urea was carried out in 
two villages in Java, Indonesia. The supervisory and 
recording system developed during a previous 2-year 
diagnostic phase was used in the supplementation 
trials. Day-to-day control of the trials was in the 
hands of a two-man village team stationed permanently 
in the villages. Five treatments varying in mineral and 
urea concentration were applied to animals belonging to 
25 farmers in each village. Each farm received only 
one treatment. Supplementation was in the form of 
molasses-rice bran blocks, which were provided free of 
charge to the farmers. 

/,'arm means of pre- and postweaning weight gain 
were used to measure the effect of supplementation. In 
both locations, mineral provision increased (P <0.05) 
weight gain of pre- and postweaning young and tended 
to decrease mortality. Urea had no effect. Post
weaning gain based on five animals per farm was a 
better measure of the effect of mineral supplementation 
than preweaning gain. For the 9-month duration of the 
study, six farms per treatment and location were suffi
cient to detect treatment differences of 20% in post
weaning gain (P = 0.05). Detection of smaller dif
ferences between treatnents would require an unrealis
tically large number of farms. 
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Resume Les essais ont consiste 7 administrer ' 
des moutons et a des chevres de deux villages de l'le 
de Java des rations additionnees de mineraux et 
d'uree. La m6thode d'observation et de collecte de 
donnes employee a 6tg celle mise au point lors de la 
phase precedente de diagnostic, qui a dur6 deux ans. 
Le controle quotidien des essais 6tait sous la respons.
bilit6 d'une 6quipe de deux personnes par villge,
equipe demeurant en permanence dans le village. On G 
administr6 aux animaux de 25 agriculteurs par village 5 
traitements de diff~rentes concentrations de mineraux et 
d'urge, ' raison d'un seul traitement par exploitation.
Les suppl6ments de min6raux et d'ur6e 6taient present6s 
sous la forme de blocs de son de riz et de melasse, 
distribu6s gratuitement aux agriculteurs.

Pour mesurer les effets des supplements sur le 
poids, on a employ6 les m6thodes d'6valuation des 
exploitants pour les p~riodes d'avant et d'apres le 
sevrage. Dans les deux villages, les mineraux en 
supplement ont augment6 (P <0,05) le poids des jeunes
betes avant et apr~s leur sevrage, et semblent aussi 
avoir diminu6 la mortalit6. L'uree n'a eu aucun effet. 
Le calcul du gain de poids apr~s le sevrage chez 5 ani
maux par exploitation, a fourni une meilleure mesure de 
l'effet des suppl6ments que le gain du poids avant le
 
sevrage. Au cours 
des 9 mois de 1P6tude, il a suffi dc'
 
6 exploitations par traitement 
 et par village pour

decouvrir des differences entre les traitements 
 de 
l'ordre de 20% dans le gain de poids apres le sevrage

(P = 0,05). Pour d~couvrir des differences plus fines
 
entre les traitements, il faudrait un 
 6chantillon 
d'exploitation tellement plus grand qu'il serait irrea
lisable. 

Agriculture in Java, Indonesia, is characterized by
small but intensively operated farms predominantly
geared toward rice and cash-crop production. Live
stock, in particular sheep and goat production, is of 
secondary importance, but contributecan significantly
to total farm output (Knipscheer and Soe,:jana 1983).
Because of the specific role of small ruminants in the 
existing farm system, farmers generally manage them as 
a minimum-input activity. Consequently, relative to its 
output potential, actual small-ruminant productivity is 
low, and substantial improvements could be made if 
basic principles of good management and nutrition could 
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be applied (van Eys et al. 1984). However, the nature 
of the small-ruminant production system and the far
mers' perception of its importance limit, at inileast 
tially, the extent to which improvements can be made. 
To be successful, new and improved techniques of 
small-rumina-it production bemust compatible with the 
existing methods and should continue to have a low
input character. 

Extensive survey and monitoring studies have 
identified diet quality as a major limiting factor in the
low performance of sheep and goats under village condi
tions. Diets for animals under grazing, as well as full 
confinement, consist mainly of low quality, fibrous 
grasses and crop by-products (van Eys et al. 1983).
Shrub and tree leaves of superior quality are provided
infrequently and in a random fashion. A major benefi
nial aspect of the feeding of shrub and tree leaves is
associated with their superior mineral composition.
Studies on the mineral content of sheep and goat diets 
have indicated that substantial fractions of these diets 
are deficient in phosphorus (P), sodium (Na), copper
(Cu), and zinc (Zn) (Panggabean et al. 1982; Prabowo 
et al. 1983). i4ineral concentrations of hepatic tissue 
from sheep pointed toward deficient concentrations of 
manganese (Mni) and Zn, and mineral supplementation
under experiment station conditions improved both
 
intake and weight gain (Prabowo et al. 1983). Under
 
the existing conditions of marginal and deficient protein

and mineral nutrition, on-farm productivity of small
 
ruminants could substantially be increased if farmers
 
would consistently supplement small ruminant diets with
 
minerals and possibly nitrogen. 

This paper describes the methodology and results 
of trials on supplementation of different types of 
minerals and urea to small ruminant flocks in West Java. 

MATERIALS AND METHODS 

Site and Farm Selection 

The study reported in this paper represents the 
third phase in a sequence of village research activities 
that closely followed the pattern suggested by Norman 
(1978). The descriptive or diagnostic phase that 
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preceded this study started in 1.980 and consisted of 
(a) an extensive baseline survey and (b) a longer term 
(2 year) intensive monitoring of selected farms. Site 
and farm selection for the on-farm trials dates back to 
the initial stages of the descriptive phase. Before the 
baseline survey, two sites were selected as representa
tive of the area in terms of agricultural activities, 
animal management, mean animal population density, wil
lingness of village leaders and officials to cooperate, 
and ease of access. These criteria are largely subjec
tive but allow sufficient flexibility to guarantee 
institutional cooperation, an absolute requirement for 
village research (Thomas et al. 1982). 

Table 1 shows general characteristics of the two 
villages and their small ruminant populations. The two 
villages represent distinctly different ecozones with 
their specific agroeconomic strucxure. They can be 
considered representative for a large area in Java for 
which improved small ruminant production technology is 
intended. In the remainder of this paper they will be 
referred to as the upland site Garut (GAR) and the 
lowland site Cirebon (CIR). 

In the baseline survey, 245 farmers were selected 
using a proportional, stratified, random-sampling tech
nique with land owneiship as main strata and animal 
ownership as substrata. Results of the baseline survey 
have been published by Sabrani et al. (1982). The 
baseline survey allowed further selection of 30 farmers 
per location to participate in the monitoring program. 
In GAR, farmers keep only sheep, but in CIR farmers 
raise both sheep and goats. The 'wo species are always 
kept on separate farms under different systems of 
management. Only sheep are allowed to graze, but 
goats are kept in full confinement. Sheep in GAR and 
CIR are of the Javanese thin-tail breed anc, goats are 
of a medium size, and are the local type with some 
Fttawah characteristics. In addition to the selection 
criteria used for the baseline survey, willingness to 
cooperate for extended periods was important. In CIR, 
sheep and goat farmers were unequally distributed 
within strata and the sample was too small to allow 
eclual sampling by species. Animal species was, 
therefore, not considered a criterion at this stage. 
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Table 1. General characteristics of the study areas. 

Upland Lowland 
(Garut) (Cirebon) 

Altitude (m) >600 <20 

Topography Hilly Flat 

Area (ha) 2170 1080 

Population 13000 14000 

Precipitation (mm/year) 1130 2000 

Temperature mean (*C) 25 28 

Soil type Inceptisol Entisol 

Cultivated land (ha): 

Paddi rice 305 755 

Dry land 1250 55 

Communal pasture (ha) - 14 

Small ruminants 3930 610 

Source: Sabrani et al. (1982). 

Experimental Design 

Results of the monitoring program were used in 
the design of the mineral supplementation trial. During 
the monitoring period, one farm in GAR and two farms 
in CIR discontinued cooperation. To have equal treat
ment groups, the number of participating farms was 
reduced to 25 by eliminating farms with the least stable 
flocks in terms of size and composition. 

Flock characteristics, feeding management, and 

general husbandry techniques made the application of 
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more than a single nutritional treatment per farm virtu
ally impossible. Consequently, the different mineral 
supplements were onimposed different farms; flocks or 
farms thus became the experimental unit. 

Performance of young animals was selected as the
main response variable. Although the ofvalue repro
ductive performance as an index of productivity and
nutritional status is recognized, measurements of repro
ductive parameters require extended periods of observa
tions (generally 2 or more years) and heavy reliance of 
enumerators on the information of farmers. For on-farm 
measurements, growth rates based on weighings at
regular intervals give a rapid indication of nutritional 
treatment effects. Evaluation of the long-term effects 
of mineral supplementation will take reproductive per
formance into consideration. 

Farms were, thus, ranked on the basis of mortality
of young animals and average pre- and postweaning
weight gain corrected for litter size. They were then 
divided into five classes of productivity. Treatment 
groups were formed by random selection within each 
class and, for CIR, within animal species as well.
Flock characteristics as reported 1 year before the 
supplementation trial are shown in Table 2. Farmers 
participating in the on-farm trials generally owned the
small ruminants on their farm, although in or out shar
ing of mature animals did occur. Sharing arrangements
for small ruminants are long-term; care and management
of shared animals is similar to that of directly owned 
ones and is, therefore, not expected to affect the 
response. Farmers commonly share breeding males. On

the basis of the flock composition in Table 2, and con
sidering 
 only the animals for which complete records 
were available, the proportion of growing young

resulted in an average of 3.1 
 preweaning and 1.3
postweaning observations on growth rate per farm. 
Four postweaning weights on each postweaning animal 
were taken as the minimum number needed to estimate
weight gain, which increased the yearly number of
observations of postweaning animals. 

Throughout the theyear number of pre- and 
postweaning young reasonablyis constant and no defi
nite seasonal pattern has been established in breeding,
birth, mortality, or off-take. Similarly, forage 
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Table 2. Size and composition of small ruminant flocks 
before the supplementation study. 

Upland Lowland 
(Garut) (Cirebon) 

Sheep Sheep Goats 

Flock size 5.55.5 4.7 

Flock weight (kg) 110.8 95.9 96.4 

Flock composition (%) 

Mature males 6.94.4 7.7 

Mature females 64.2 59.0 55.7 

Postweaning males 6.4 7.7 9.4 

Postweaning females 15.37.5 14.7 

Preweaning young 17.5 13.1 12.4 

mineral concentrations do not show important seasonal 
fluctuations, although liver mineral concentrations 
suggest increased requirements during the wet season 
(Prabowo et al. 1983.. Sampling must, therefore, be 
continuous with special attention to performance of 
animals during the wet season (September-March). The 
supplementation trial was initiated after a 1-month 
preliminary period in May 1984. The results presented 
in this paper cover the period from May 1984 through 
to February 1985 and include, therefore, most of the 
wet season. 

Five supplementation treatments were applied. 
They consisted of: (a) a control - no mineral or urea 
supplement, (b) common salt, (c) salt and CaPO 4 , (d)
complete mineral mixture including salt and CaPO 4 , and 
(e) treatment (d) plus urea. 
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The supplements were provided in molasses-rice 
bran based blocks gelled by heating and the addition of 
MgO. The concentration of molasses was 50% and MgO
10%. Depending on the specific treatment, salt was 
added at 9%, CaPO 4 at 5%, complete mineral mixture at 
3%, and urea at 7.5%. The remainder of the blocks 
consisted of rice bran. All ingredients with the 
exception of are available theMgO readily in villages,
but the use of blocks is largely for experimental 
purposes. If the supplements prove to be effective,
alternative means of supplementation can be considered. 

Each farmer was provided with a specific block and 
new blocks were provided at regular intervals depend
ing on flock size and rate of consumption. Average
consumption per farm was between 2.5 and 3.0 kg/
month in blocks. Farmers were informed of the purpose
and details of the experiment but were not told which 
specific treatment they received. 

Logistics and Data Collection 

In continuation of a practice started before the 
supplementation trial a 3en 4or scientist met with all 
farmers each month. These meetings were initially
organized to discuss general problems in local small 
ruminant production as they became apparent during
the monitoring program. At the beginning of the sup
plementalion trial the meetings focused on this subject. 

The day-to-day care of the supplementation trial 
and data collection were in the hands of a two-man vil
lage staff team who were graduates from regional high
schools or agricultural institutes. They speciallywere 
trained for the survey and monitoring program, lived in 
the villages, spoke the local dialect, and had the 
support of the village officials. Much of the information 
collected during the on-farm trials was similar to that of
the monitoring study. Farmers and village staff were,
therefore, familiar with the purpose and procedures of 
the measurements and questions. Observations included 
reproductive parameters, quantitative measures on feed 
offered and refusals, botanical composition of the diet,
and changes in animal weights. In this paper, only the 
effects of supplementation on weight gain are reported. 
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Each farm was visited monthly for the specificpurpose of data collection. For this purpose a predesigned form used.was Data collection relied primarily on direct observations by the village staff, but thepresence of the farmer during the monthly recording
was considered important. Farmers were given 1 or 2days notice before the datascheduled collection. Visits were generally carried out in the afternoon immediately
after farmers returned from their field or village work.
This was also the time at which fresh feed was brought
home or grazing sheep were returned to iieir barns. 

The nutritional information was collected over theperiod of two consecutive days. theOn first day, andbefore feeding, mineral blocks were checked, animals were weighed, and the amount of feed on offer recorded
following sampling for the determination of botanicalcomposition and dry-matter content. Feed residues were removed from feed troughs and pens. This pro
cess was repeated for the feed component on the nextday, again before feeding, and this time feed refusals were weighed and sampled. farmerThe was theninterviewed to obtain general information on changes inflock size, orbirth death of animals, source of thecut-and-carry feed, management practices, and animalhealth. Subsamples of the feed and refusals were sentto the research institute for determination of chemicalcomposition. The monthly records of liveweights
used to determine growth rates the 

were 
using linear regres

sion technique. 

The on-farm data collection required 1.5-3 hours
 per farm daily, limiting the number of that
farms couldbe visited by the village staff to two per day. Themaximum number of farms the two village staff can handle is, therefore, 25-30. Sample preparation, botanicalidentification of forage thespecies, logging-in ofrecorded data in the record books, and certain administrative duties require approximately 2 hour's daily. Inaddition to regularthe monthly visit, farms were brieflyvisited more frequently to check mineral blocks and thegeneral status of the flock. If animals were grazed,
feed availablity, type and quality of the forage, distance from the farm, and duration of grazing were 
recorded.
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The basis for the farmer's cooperation relates back 
to the incentives farmers received immediately before 
the monitoring study. At that stage farmers received 
one mature sheep or goat ,n conditions similar to those 
employed for local sharing arrangements. A written 
agreement was made up that committed farmers to re
turn three postweaning young over a period of 
years. The mineral supplementation trial was started in 
the fourth year of this agreement. Mineral blocks were 
provided at no cost to the farmers. 

A senior scientist spends on average, 2 days/ 
month in each village. In addition to the village staff, 
laboratory technicians, assistants for data management, 
and labourers were employed. Molasses blocks were 
prepared at the institute, but much of the work by the 
personnel at the institute was due to the decision to 
collect extensive secondary information. Although this 
data collection may not be absolutely necessary for the 
on-farm testing of improved feeding techniques, it can 
contribute significantly to the analysis of the results. 
It is estimated that, including the work of the senior 
scientists, 40 man-days per month are required at the 
institute for activities associated with the on-farm 
trials. 

Requirements for equipment and vehicles were kept 
to a minimum. Equipment for the village staff was 
basic, consisting of scales to weigh animals and feed, a 
tattooing kit, and scissors for forage sampling, shear
ing, and hoof trimming. A simple drying oven based 
on a kerosene burner and forced convection was 
installed in each village. Transportation needs by the 
village staff were met by one motorcycle in each vil
lage. Project use of the motorcycle averaged 500 kin! 
month. Mineral blocks and supplies were delivered by 
motor vehicle generally at the time of a visit by a 
senior scientist. The average monthly distance covered 
by a car for this purpose was 750 km. 

Statistical Analysis 

Results of the mineral study were analyzed as a 
randomized complete block design with the previous 
level of farm productivity (farm means for pre- and 
postweaning gain) as blocks and farm size as a covari
ance. Initially, the two villages were treated as 
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separate experiments. For the lowland site CIR, animalspecies was included in the analyses of variance.
Treatment differences between villages were compared ina separate analysis. Least significant differences were
calculated for means of significant treatment effects.Statistical analyses, including calculations for minimum
sample sizes were carried out as described by Snedecor 
and Cochran (1967). 

RESULTS AND DISCUSSION 

The survey and monitoring that preceded theon-farm trials were extensive. The large diversityamong small ruminant producers and the complexity ofsmall farming systems with integrated sheep goatproduction or
make an in-depth diagnostic phase essential. The study of, or experimentation with, any

element within 
one 

this farm system, requires a generalunderstanding of dynamicsthe of the system if the
correct inferences are beto made. 

The information ge:,erated was essential fordetermining the design of the on-farm trials and identifying the degree of the interactions between the response variables and flock or farm characteristics. 
The monitoring study also provided an estimate ofbetween-year variability in farm productivity, allowedthe evaluation of farmers' commitment to long-term onfarm trials, permitted selection of feasible newtechnologies, and increased understanding and
collaboration between researchers and farmers. 

Effects of On-Farm Mineral Supplementation 

The proportional stratified random-samplingtechnique used for the diagnostic study and the use ofthe same sample for the on-farm trials assured weighted
representation of farm size in the sample. The classi
fication of farms on the basis of previous productivityand the absence of a consistent relationship betweenflock size and productivity justifies the initialassumption of random distribution of flock size acrosstreatments. Analysis of the data collected during thesupplementation study confirms this for the lowland andupland sites. Average flock size in GAR (upland area)was 7.7±0.5 and in CIR (lowland area) 8.9±1.0. The 
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inclusion of flock size as a covariate in the analyses 
was not effective. Weight gain and animal performance 
in general seem independent of flock size and, in as far 
as flock size is a measure of the farmer's economic 
interest in small ruminant production, animal perfor
mance seems to be independent of the economic impor
tance of small ruminants in the farming system. It is 
noteworthy, however, that relative to the monitoring 
study (van Eys et al. 1984) flock size increased in both 
locations. This is particularly true for CIR where the 
increase averaged 78%; in GAR flock size increased by 
40%. The continuous interest shown by outsiders, in 
this case the research staff, and the expectation of 
higher levels of production with increased involvement 
of scientists may have stimulated farmers to direct a 
greater effort toward small ruminant production. As a 
consequence of the increase in flock size, farm means 
for weight gain of pre- and postweaning animals are 
based on a larger number of observations than origin
ally projected. 

The effects of minerals or mineral-urea sup
plementation on weight gains of young are shown in 
Table 3. For the purpose of comparison, average pre
and postweaning gain observed during the monitoring 
period is included. The supplementation trial per se 
did not seem to affect animal performance on farms that 
did not receive a supplement. Weight gain of control 
animals was similar to that of animals before the on-farm 
trial. 

Growth rates of sheep and goats in CIR were not 
significantly different, and the two species responded 
similarly to supplementation. Differences between the 
two locations were large (P <0.01) for pre- and post
weaning gain. The location by treatment interaction 
however, was not significant and the effect of supple
mentation was, therefore, similar for the two locations 
regardless of differences in, e.g., climate and feeding 
or management system. This in fact suggests that the 
results of this study may be applicable to a wider area. 

Mineral supplementation increased (P <0.01) the 
weight gain of both pre- and postweaning animals, and 
the effect was similar for the two animal classes. As 
the mineral supplement became more complete, animal 
performance increased. The highest gains were, 
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Table 3. Pre- and postweaning weight gains of small ruminants provided with mineral or 
mineral-urea blocks (g/day).a 

Upland 
(Garut) 

Lowland 
(Cirebon) 

Treatment spb <90 days 90-365 days <90 days 90-365 days 

Control SH 71a 40 a 61 31 

NaCl 

NaCl + CaPO 4 

Complete mix. 

GO 

SH 

GO 
SH 

GO 

SH 

-

92ab 

-

II0bc 

-

124 cd 

62ab 

58ab 

75b 

)49a 
29 

63 )56ab  

44 
56 

)57 a 

59 

117 16 
)b 102 

)39a 
51 

33 )36a 

22 
53 

)55 a 

59 

)6 9 b 

Complete mix. + urea 

SEM 
Previous yearc 

GO 
SH 

GO 

SH 
GO 

-

10 2bc 

-
27 
82 

-

63b 

-
17 
45 
-

79 
95 

)8 2 b)4 

64 
25 
70 
69 

93 
49 

47 
22 
24 
38 

a 

Note: Figures in each column, under the headings "Upland" and "Lowland," without the 
same superscripts are significantly different (P <0.05).aPre- and postweaning weight gain is based on farm means and adjusted for sex and lit
ter size. Preweaning =<90 days of age, postweaning = 90-365 days of age.

bSH = sheep, GO = goats. 
cResults of monitoring study (1982-83). 



therefore, observed on farms that received the complete 
mineral mixture, although differences between these 
farms and those on which salt or salt plus calcium phos
phate were fed were not significant at the conventional 
significance level (P 0.05). Comparisons of individual 
means indicated only significant differences between 
extremes in mineral supplementation. These results are 
in agreement with previous research on the mineral 
status of ruminant livestock in this area. With the 
exception of Na, no extreme mineral deficiencies have 
been identified, a!though marginal deficiencies have 
been noted for P, Cu, Zn, selenium (Se), and iodine 
(I) (Panggabean et al. 1982; Sutrisno et al. 1982; 
Prabowo et al. 1983). The absolute differences between 
means is larger than expected and this may be asso
ciated with the timing uf the trial. The data were col
lected during only part of the dry season but covered 
most of the wet season when mineral nutrition appears 
most critical (Prabowo et al. 1983). 

There was no benefit from the addition of urea to 
the molasses blocks. Dry and mature roughages of low 
N content are traditionally mixed with green forages 
(van Eys et al. 1983) and these appear to provide 
adequate levels of rumen soluble nitrogen. 

In addition to weight gain, lamb and kid mortality, 
litter size, and birth weight were studied. None of 
these variables was significantly affected by the treat
ment, although mortality tended to decrease with 
increasing completeness of the mineral supplement. For 
GAR, lamb mortality decreased from 8.0 to 0% and for 
CIR the mortality dropped from 24 to 3%. A larger 
number of observations is required to determine the 
importance of mineral nutrition in reducing on-farm 
mortality of young animals. 

Required Sample Size 

The minimum sample size for this type of 
experiment was calculated on the basis of the observed 
variance between farms. To detect differences of 20% 
between treatments at P = 0.05 and with 90% confidence, 
7-8 farms per treatment are required in the case of pre
weaning animals and 4-6 farms per treatment for post
weaning animals. This requires 40 farms in each 
location if the effect of mineral supplementation is to be 
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evaluated on preweaning animals. The between-farm 
variability for postweaning gain appears to be less, and 
the actual number farms is toof used adequate estimate 
treatment differences at the set level of confidence and 
probability. The lower variability for postweaning gain
is not associated with a larger number of observations 
per farm. The average number of obser ations on pre
weaning animals in GAR was 4.9 and in CIR 4.0, while 
the number of postweaning animals per farm averaged 
4.6 and 4.0 for GAR and CIR, respectively. The lower 
variability for this animal class is likely due to the 
larger effect of diet on their performance and the more 
accurate cstimation of weight gain based on a larger 
number of weighings per animal. On-farm evaluation of 
dietary treatments is, therefore, more efficiently carried 
out by using postweaning animals. 

The supplementation trial is an example of an 
on-farm trial that is relatively easily controlled and 
requires only limited amounts of investments in equip
ment and feed. As for all on-farm trials, requirements 
for manpower are relatively large, mainly due to the 
need for constant supervision and the collection of 
secondary information. In this case, the permanent
stationing of a village staff with whom farmers are 
familiar was found to he effective, although a rcarefully 
controlled scheme of incentives and responsibilities is 
needed to maintain their effectiveness. Regular visits 
by a senior scientist are necessary to maintain a 
collaborative spirit between farmers, village staff, and 
the research institute. Super isory control is neces
sary because frequent visits foment prestige, respect, 
and confidence. In this case, the senior isscientist 

the person responsible for maintaining contact with local
 
officials and extension service. Cooperation of the 
extension service is essential and they should be in
cluded in the prograrn as much as possible. 

Results of this mineral and urea supplementation 
trial reflect some of the advantages and difficulties in 
technology verification experiments with smallholders. 
Among the disadvantages associated with trials on small 
farms are the possibilities for close exlperimental control 
on individual animals and access to secondary data. 
The lower importance of small ruminants on these 
predominantly crop-producing farms and the low level of 
investments associated with their production tends to 
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increase the willingness of farmers to cooperate in on
farm trials. Furthermore, the application of one treat
ment on a number of farms different in management and 
productivity allows a wider application of the result. 
On the other hand, the necessity of applying a single 
treatment per farm confounds within treatment 
variability with variation between farms. 

Implications for Future Research 

The choice of farms as the experimental units and 
their use as replications at the given number of farms 
per treatment limits precision and, therefore, the like
lihood of detecting significant treatment effects at 
conventionally used levels of significance. Under these 
conditions of on-farm trials it is justifiable to put more 
emphasis on average treatment effects and relax the 
test of significance. Loss in precision is compensated 
for by increased relevance. The higher risk of faulty 
inferences from such analysis, however, is recognized 
and implies the need for reprated studies and detailed 
information on the situation that the new technology 
seeks to improve. The secondary information collected 
before or during the trials and the results of station 
research are of special importance here. 

Variability in weight gain within farms is larger 
than among farms. Owing to the small number of 
observations per farm, performance of individual animals 
can have a large effect on farm averages and, because 
farm conditions cannot be standardized, on variability 
among farms. One possibility for improving research 
efficiency would be to limit the number of treatments or 
increase the number of farms. Reduction in the number 
of treatments will also reduce the information provided 
by the experiment. Exponding the sample size or 
increasing the number of farms per treatment allows 
greater selection possibilities on a larger number of 
criteria, which should result in increased precision. 

Eliminating part or all cf the secondary data 
collection to increase the number of farms that can 
participate, or decreasing costs by reducing labour 
requirements, removes the essential reference points. 
If the primary purpose is to increase sample size then 
research efficiency may be increased, although the 
commitment and stability of the additional farms are 
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expected to be less, and the quality of the inferences 
compromised. Reductions costsin at the expense of 
secondary data collection will also limit the applicability
of the resilts and seem only justifiable when the results 
of collected data are similar to those obtained during
the diagnostic phase. Another consideration is that a 
decrease in labour expenses, such as the village staff,
is likely to reduce research quality through its effect 
on supervision and farmer-researcher contact. 

Alternatively, the current on-farm trials could be 
extended for a longer period. Extending the duration 
of the trials will increase the number of observations 
and, consequently, the reliability of the results and 
tests of significance. Table 4 indicates that at the 
current level of reproductive efficiency eight farms are 
needed per treatment to achieve an acceptable level of 
confidence for preweaning animals and six farms for 
postweaning animals. Extension of the study to 15 
months for preweaning lambs and kids or 11 months for 
weaned animals would provide a similar number of 
observations on individual animals. However, owing to 
the larger within- than between farm variability, longer 
observation periods would be necessary. 

Table 4. Minimum number of farms required per treat
ment to detect 10 and 20% difference in weight gain at 

0.10 and 0.05 statistically significant levels. 

Upland Lowland 
(Garut) (Girebon) 

10% 20% 10% 20% 

Preweaning 

P <0.10 13 4 19 5 

P <0.05 32 8 27 7 

Postweaning 

P <0.l0 9 3 14 4 
P <0.05 12 4 22 6 
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Given the small differences in weight gain between 
the control group and the changes in weight observed 
during the monitoring study (Table 3), research 
efficiency could be increased by including an additional 
treatment on all or a subset of farms. Preparations are 
made to include the feeding of tree legumes as a retro
spective study using differences between sequential 
years to measure the effect of legume tree introduc
tion. When the new treatment is obvious to the 
farmers, prospective randomized studies are difficult to 
carry out. The use of historical controls offers a 
feasible alternative. 

With supplementation proven to be useful, farmers 
are likely to continue mineral supplementation, in part 
due to the low cost involved. It is unlikely, however, 
that minerals will be provided in blocks unless an 
inexpensive way of mass production can be developed, 
for instance, 
supplementation 

by cooperatives. 
should be studied. 

Alternative means of 

On-farm 
demonstrative 

verification 
component. 

trials have 
The demonstrative 

a large 
aspect of 

these trials could be carried out more efficiently by 
single demonstration units in a number of villages. A 
project along these lines is currently under way. For 
this purpose, the research institute and a small group 
of farmers enter into a joint venture. Small ruminants 
are managed according to local practices. In turn for 
the institute's investments in barns and animals, 
according to locally established sharing arrangements, 
farmers comply with the planned application of improved 
animal husbandry techniques on the demonstration farm. 
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Abstract The nutritive value of crop residues 
could be effectively increased by treating rice straw 
with ammonia. In the beef project conducted at the 
Animal Production Research Institute, it was found that 
average feed intakes and daily weight gains were im
proved when treated straw was fed to fatten cattle. 
The results were used to promote on-farm use of 
ammonia. 

Thirty farmers from the Beheira Governorate who 
were using ammonia or urea techniques were selected to 
examine their response to the use of the new technolo
gies. Project staff demonstrated the technologies and 
followed up with regular visits to these farmers to 
collect information and monitor progress. A questiott
naire was designed to correlate data. 

It was calculated that 10 t of ammonia-treated 
straw can save the farmer up to 3 t of concentrates. 
Dairy farmers were anwilling to disclose production 
figures but large and public farms use ammoniation. 
The urea treatment of straw, for reasons of scale, 
suited small farmers better, although extra labour and 
much water had to be employed. 

The study confirmed the importance of extension 
activities to transfer the new technologies. It also 
measured the response of farmers with respect to bene
fits obtained and problems encountered. 

On-farm trials proved to be an effective tool to 
examine the adoption of the new technologies through 
measuring their applicability on the farms, animal per
formance, and the response of the farmer. 
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Resume On accroltrait re'ellement la valeur
nutritive des residus de r6colte, lade paille de riz par
exemple, grace ' l'ammonisation. Le projet sur le boeuf 
mene l'Animal Production Research Institute, permisa
de conclure que la consommation alimentaire moyenne
augmentait et que les bates prenaient davantage de
poids chaque jour quand on se servait de paille trait~e 
pour les engraisser. On a donc utilise ces conclusions 
pour promouvoir l'ammonisation chez les exploitants.

On a alors selectionn6 30 agriculteurs du gou
vernorat de Beheira, qui utilisaient les techniques abase d'ammoniaque et d'uree, pour analyser leurs r~ac
tions face a de nouvelles technologies. Apr~s avoir fait 
une demonstration des nouvelles technologies, le
personnel du projet a visitg reguli'rement les exploi
tants pour recueillir des informations et observer les 
progres accomplis. Un questionnaire a 6te prepare
dans le but d'6tablir la correlation entre les donnees.
 

On a calcu16 
 que 10 t de paille traitge ' 
l'ammoniaque pouvaient faire epargner au proprietaire
jusqu'a 3 t de concentres. Les producteurs laitiers ont 
refusg de r~veler leur production, mais on sait que des 
exploitations de grande taille ou publiques emploient
l'ammonisation. Le traitement de la paille ' l'uree, etant 
donne' ses exigences, convenait davantage aux petits
exploitants, quoiqu'il a demands un labeu, plus intense 
et lutilisation d'une grande quantit6 d'eau. 

L'tude a confirma limportance des activit6s de

vulgarisation pour le transfert des nouvelles 
 technolo
gies. Elle a aussi permis de connaltre les reactions des

agriculteurs aux avantages de 
 nouvelles technologies
mais 	6galement aux probl'mes qu'elles poseaLt.


Les essais 
sur 	le terrain s'averent un instrument 
efficace pour analyser le degre d'acceptation des nou
velles technologies, puisqu'ils permettent de mesurer 
leur niveau d'application ' l'exploitation, la performance
des animaux et la reaction de l'exploitant. 

In Egypt there is an estimated 39% short fall(2.7 t of starch equivalent) of available ruminant feed 
supplies particularly in the summer season. At pres
ent, there is a growing attention being focused in
Egypt on the use of crop by-products for ruminant 
feeding and methods of improving them. The United
Nations Development Programme (UNDP), the Food and
Agriculture Organization of the United Nations (FAO), 
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and the Ministry of Agriculture (MOA) - Beef Project, 
situated just outside Alexandria, tried different systems 
to maximize the effective use of available agroindustrial 
by-products. 

Treatment with sodium hydroxide was unsuccessful 
because of the difficulties of applying the chemical in a 
low-cost system or of chopping rice straw during appli
cation. Furthermore, in a pilot trial, water buffalo did 
not respond to NaOH-treatment straw where cattle did 
respond. There were also fears of increasing the soil 
salt content. On the other hand, the urea treatment 
showed great promise but, in the end, farmers did not 
use the system. Straw treated with anhydrous ammonia 
improved both production and intake in buffalo and 
cattle in a series of three trials (Sundstol et al. 1977; 
Klopfenstein 1978). In the project, these trials and 
other studies were conducted to examine the effect of 
ammonia treatment on composition, digestibility, and 
feeding quality of the treated by-products. It was also 
found that ammoniation increased crude protein content 
of the rice straw from 4 to 8%. 

The first trial with ammoniation straw was carried 
out with male water buffalo, and the results showed an 
increase of 14% in intake over untreated straw, with the 
daily weight gain improving from 0.024 kg to 0.168 kg/ 
day. Higher levels of concentrate feeding improved 
overall performance (intake, daily gain, and feed effi
ciency). The second trial was conducted with 120 
cross-bred steers (predominantly Hereford crosses)
divided into 12 groups of 10 animals each. Six groups 
were put on treated straw and six groups were on 
untreated straw. All straw was fed ad libitum. The 
rest of the ration was made up of six levels of concen
trates from 1 kg/head per day increasing in 1 kg incre
ments. The results of the experiment showed that: 

(a) Ammoniation of straw at all levels of 
concentrate feeding significantly improved intake, live
weight gain per head per day, and improved feed effi
ciency (conversion ratio); 

(b) Ammoniation of straw can save concentrates 
while achieving the same weight gain per day or im
prove weight gain when using a particular level of 
concentrate feeding; and 
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(c) The extra benefit of ammoniation depends upon
the level of concentrates used in the feeding program. 

However, it was calculated from the intake and 
weight gain figures that ammoniation of 1 t of straw 
saved about 0.25 t of concentrates on average. 

After such positive results, the project instituted 
methods of transferring this new technology to the far
mers. At the same time, the project decided to measure 
the farmers' responses to this technology. In addition,
the relative merits of anhydrous ammonia and urea as 
the most appropriate chemical for straw treatment were 
measured. Ammonia is produced in the local fertilizer 
industry as a precursor of urea and so both products 
are locally available. Ammonia appears to have the 
advantage becausc of the relative simplicity of applica
tion. The use of urea requires greater labour per unit 
of straw, which discourages the farmer from using it. 
Moreover, there is a risk of urea toxicity if it is 
incorrectly used. 

The method of distribution undertaken in the
project was to establish two distribution centres in 
Beheira Governorate, which is located in the North
western area of the Delta. The centres were completed
and opened for operation in May 1983. The livestock 
population in Beheira Governorate is as follows: 
206,000 water buffalo, 382,000 cattle (baladi, Freisian,
cross-bred), 112,000 goats, 230,000 sheep, and 201,000 
others (horses, mules, donkeys). 

The climate is Mediterranean in character with mild 
winters accompanied by rain showers and long dry,
fairly hot, summers. Mean annual rainfall ranges from 
180 mm along the coastal ridges to less than 60 mm in 
the southern part of the new lands. Maximum mean 
monthly temperatures are 32°C, minimum night tempera
tures are 4.6°C. Mean relative humidity is 60% and the 
dominant wind directions are southwest and northeast. 

Thirty farmers from Beheira Governorate were 
selected for interviews. This represenled 25-30% of 
those already using the feeding/amnionia system
purchased from the distribution centres set up by the 
project. The purpose of the questionnaire was two
fold: first, to examine the response of the farmers to 
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the new technology of feeding and, therefore, to estab
lish its feasibility and applicability on the farm; and 
second, to measure the response of the farmer's cattle.
Meanwhile, project staff gave advice to farmers on mix
ing ammoniated crop residues with available feeds for 
different types of livestock. 

MATERIALS AND METHODS 

The project pilot distribution centres were 
established in two areas. The first area at El-Nahda 
(50 km from Alexandria on the desert road) represents
the new reclaimed lands and the other at Itay El-Baroud 
(85 km from Alexandria on the agricultural road) repre
sents the old valley lands. The investigation was
limited to farmers in these areas who were selected for
the questionnaire on the basis of criteria: (a)two 
farmers who had joined the project earliest in the 
program and were, therefore, most experienced under 
operating conditions and, (b) those farmers who were 
willing to respond to the questionnaire. 

It should be noted that all farmers were expected
to pay the price of ammoniation as laid down by the pro
ject. This price was calculated to enable the distribu
tion centre to be operationally self-sufficient, with a
modest profit margin. Eight stacks (2.5 t size) were 
ammoniated free for demonstration purposes at the very
start of the distribution campaign. Farmers studied 
were divided into the following categories based on cat
tle numbers: 

(a) Small: Farmers who own from 1 to 5 head (cat
tle and buffalo),
 

(b) Medium Farmers who own from 5 to 20 head
 
(cattle and buffalo),
 

(c) Large: Farmers who own more than 20 head 
(cattle and buffalo), and 

(d) Publically owned government farms. 

The first demonstration of ammoniation was carried 
out at El-Nahda with 14 small farmers in two villages.
They were not receptive to this technology. In one of 
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these trials, staff attempted to collect from several 
farmers the straw to be ammoniated in one collective 
stack for the village, but the results were not satis
factory. Quarrels among the participants broke out 
when they came to collect their bales after treatment. 
Moreover, security and maintenance of the stack and its 
plastic was not the responsibility of any specific par
ticipant, which resulted in torn plastic and poor 
ammonia absorption. Therefore, this straw-treatment 
technique did not seem to be readily applicable to the 
small farmers as a group. As a result, our attention 
turned to investigate urea treatment of straw as an 
alternative for small farmers. The numbers of farmers 
questioned in each farm size category of our investiga
tion are shown in Table 1. 

On the first visit to each farmer, the project staff 
introduced the new technology to him and his neigh
bours and explained the advantages. He was also given 
a leaflet on the subject with instructions on how to 
prepare a stack in accordance with project specifications 
for ammoniation or for the use of urea. On the second 
visit the project staff demonstrated the technology to 
the same farmers. The following are the steps for the 
ammoniation technique: 

(a) Build a 10 t stack of straw with the dimensions 
2 m x 1.5 m x 2 m. 

(b) Cover the stack with a plastic sheet tightly 
sealing the edges with soil. 

(c) Insert a hose pipe inside the stack and inject 
ammonia from a pressure tank at the rate of 30 kg of 
ammonia per tonne of straw (3%). 

(d) The stack is left covered for a treatment 
period lasting 15-20 days depending on the tempera
ture.
 

(e) Uncover the stack and leave it for 2-3 days to 
release excess ammonia. The straw can then be fed to 
livestock. 

There are two standard sizes of straw stacks 
calculated to make the best use of the plastic sheets, 
2.5 t and 10 t. By providing an alternative small stack 
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Table 1. Distribution pattern of selected farms 

size. 

according to type of treatment and holding 

--
10 

Treatment Small (a) 

Category 

Medium (b) 

of holding 

Large (c) Public (d) Total 

Ammonia 

Urea 6 

6 

1 

14 

-7 

3 23 



it was hoped to offer opportunities for all farmers. 
Some problems arose in trying to persuade farmers to 
build stacks of the correct dimensions. This problem 
did not exist on second and subsequent stacks. 
Damage to the covering plastic sheet was another prob
lem usually caused by the curiosity of village children 
and their sticks or by stray animals. Damaged plastic 
resulted in loss of ammonia and suboptimal improvement 
in straw quality. 

The urea treatment was carried out using the 
following steps: 

(a) A plastic sheet was spread on the ground and 
straw for treatment was placed on it. 

(b) Five percent of urea was dissolved in a quan
tity of water equal to the weight of straw. 

(c) This solution was spread over the straw, 
which was then wrapped and sealed in the plastic sheet 
and left for 21-30 days depending on the temperature. 

(d) The straw was uncovered and fed to animals 
after aerating for 3 days. 

When the urea system was applied on the farm for 
the first time by the project staff, it required the 
assistance of the owner and two of his neighbours to 
complete the job satisfactorily. On subsequent occa
sions the farmer had to rely on his own labour and that 
of anyone he could persuade to help him. This made 
the system inconvenient for a large number of small 
farmers. Other farmers used old fertilizer bags for 
urea treatment. These bags were split in half and 
sewn together into a large sheet. This created extra 
work for the farmer's family, poorer results because of 
leakage of the urea solution through the sewn bags 
and, in four out of six cases, too great a burden on 
the family labour who had to provide the additional 
water for treatment. 

Project staff questioned farmers on several visits 
(an average of five visits per farmer) over the period 1 
March-31 December 1984. The information collected on 
the questionnaire included the size of farm, the number 
and type of animals, the feeding system used, the type 
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of by-product fed, and the feeling of the farmer toward 
the new technology. His production levels and whether 
he bought a second (or more) ammoniation treatments 
were of particular interest. In most cases, production
figures were not available or were suspect, particularly
for milk producers who did not always know precisely
their own production data. 

Two types of visits were required when servicing
the needs of the farmers and lhe questionnaire: 

(a) Routine service given by the project staff to 
any farmer requesting ammoniation. The service was 
supplied by the distribution centres and the farmer was 
charged the price of the plastic sheet, delivery cost for 
the plastic and ammonia, and the costs of injection. 

(b) The need for following up the selected farmers 
by the project staff to monitor their progress and the 
use of treated straw. 

At the start of the distribution effort, the project
initiated an advertizing/information campaign. This 
consisted of (a) inclusion of the ammonia story in esta
blished agricultural extension broadcasts, (b) posters
and leaflets printed and circulated in the villages, (c)
briefing and discussion sessions for extension staff in
the farming areas, and (d) demonstrations for farmers 
in which eight 2.5-t stacks were ammoniated free. 

When contact had been made with a particular

farmer, efforts were also made to his
contact neigh
bours. The farmers paid for the delivery of ammonia 
and the plastic sheets. These were supplied by 1-t
tanker trucks (one in each area). Extension support 
was also given by the project. The extension staff 
consisted of two officers, one based at each centre, and 
two truck drivers who were literate and trained in the 
ammoniation technique. 

RESULTS AND DISCUSSION 

Methods of Communication 

Analysis of how farmers first became acquainted
with the ammonia system is shown in Table 2. The 
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Table 2. Different communication sources as a reason 
for technology application. 

Ammonia Urea 
Source treatment treatment 

Centre staff and extension 13 2 

Neighbour 6 4 

Poster 8 -

Leaflet 10 -

Radio 4 4 

results show that the project staff created the greatest 
interest, however, the various channels of media did 
much to spread the word. In the future it might pay 
the project staff to use mass media channels more 
extensively (radio, television) and so orient their 
professional efforts for servicing farmers, development, 
and research. The extension work should perhaps be 
handed over to the extension department. 

Type and Numbur of Animals Kept by Farmers 

Expanding sales of the ammonia system make it 
difficult to achieve a truly representative sample. The 
objective of the questionnaire was to establish, from 
those farmers with most experience of the system, 
whether it was effective and economic. 

Data presented in Table 3 show the animal pop
ulations on different categories of farms. Urea treat
ment was used on six small farms in category (a) and 
only one farm in category (b). The average number of 
animals in category (a) was one head of dairy and one 
beef cattle. Ammonia treatment was not used by any 
farmer in category (a); however, six farmers from 
category (b), 14 farmers in category (c), and three 
large state farms (category (d)) used ammonia. The 
ratio of dairy cattle to beef was 0.6, 0.8, and 2:1 for 
categories (b), (c), and (d), respectively. 
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Table 3. Type and numbers of animals kept by participating farmers. 

Small (a) Medium 

Treatment Dairy Beef Dairy 

Ammonia (1) 3 
(2) 4 
(3) 1 
(4) 5 
(5) 4 
(6) 13 

Total 30 
Mean 5 

Size 
(b) 

of holding 
Large (c) Public (d) 

Beef Dairy Beef Dairy Beef 

7 
10 
6 

6 
13 

5 

(1) 8 
(2) 15 
(3) 11 
(4) 10 
(5) 20 
(6) 15 
(7) 20 
(8) 25 
(9) 30 

(10) 12 
(11) -
(12) 22 
(13) 13 
(14) 8 

15 
30 
13 

18 
25 

23 
-

3 
25 
30 
25 
10 
17 
14 

(1) 300 
(2) 120 
(3) 300 

150 

90 
120 

47 
8 

209 
14.9 

248 
17.7 

720 
240 

360 
120 

(continued) 



Table 3. Concluded. 

Small (a) Medium (b) 
Size of holding 

Large (c) Public (d) 

Treatment Dairy Beef Dairy Beef Dairy Beef Dairy Beef 

Urea (1) 1 3 (1) 4 10 
(2) 3 2 
(3) - 3 
(4) 3 -

(5) 2 -
(6) 1 1 

Total 10 9 4 10 
Mean 2 1 - -



Feeding System 

At the time of recording the feeding system
normally used by the farmers, it was established that 
they followed a very similar pattern. In winter, the 
diet was generally 20 kg fresh berseem, 3 kg concen
trates (when available), and 5 kg of rice straw daily.
A similar diet was used in summer but without berseem, 
which is not grown at that time. No loose straw was 
ammoniated by the project. It was always prebaled by
the farmers. All straw was treated in 10-t stacks wich 
the exception of one farmer who treated a series of 
2.5-t stacks. On the other hand, straw used in urea 
treatment was all loose straw, each batch averaging 150 
kg in weight. 

Response of Farmers and Benefits Obtained from the 
Use of the New Technologies 

Response of the farmers was measured by their 
willingness to ammoniate a second and subsequent 
stacks of straw and still pay the full cost of the 
treatment. The figures for this repeat service from the 
questionnaires are shown in Table 4. These figures 
suggest that medium, large, and public farms were 
eager for the ammoniation of straw because repeat busi
ness on these farms ranged from 78.6 to 100%. Small 
farmers, however, were not keen to repeat the urea 
treatment. Only 33.3% of category (a) and none of 
category (b) tried the system a second time. 

As stated earlier, farmers were generally reluctant 
or were unable to give details of production improve
ments resulting from ammoniation, but their observa
tions are recorded in Table 5. Clearly, they would not 
spend more money and time on a system that did not 
benefit them. This type of improved feeding system 
can only be beneficial for Egypt and other developing
countries where feed resources are scarce. isThis 
particularly appropriate in situations where expensive, 
imported concentrates can be saved in the proportions 
suggested earlier (30 kg ammonia saves to 0.25 tup of 
concentrates). 
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Table 4. Response of farmer measured by repeatability 
of treatment. 

%of Repeat %of 
Holders Number total business initial 

Ammonia treatment 

--Small (a) - -

Medium (b) 6 26.1 5 83.3 
Large (c) 14 60.9 11 78.6 
Public (d) 3 13.0 3 100.0 

Total 23 100.0 

Urea treatment 

Small (a) 6 85.7 2 33.3 
Medium (b) 1 14.3 0.0 
Large (c) - - -

Public (d) - -

Total 7 100.0 

Policy Implication 

As a result of the success of the new technology, 
the Minister of Agriculture has set up a new unit within 
the Animal Production Research Institute called the 
"Special Unit." The purpose of this unit is to promote 
and expand facilities for ammoniation and the use of 
other agroindustrial by-products. The on-farm ques
tionnaires did not influence this decision but do support 
it. 

Further qualification of the benefits of ammoniation 
are necessary, in particular, detailed milk production 
work. The optimum straw moisture levels for ammonia
tion and the duration for covering stacks at different 
ambient temperatures need more thorough investigation. 
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Table 5. Farmer responsesa for benefits of and problems encountered in ammonia and urea 
treatment of straw. 

Type of 
treatment Benefits of treatment 

Ammonia Increased milk production 

Increased fat percent 

Cattle healthierb 

Increased daily gain 

Saved concentrate 

Ur .a Increased milk production 

Increased fat percentage 

Increased daily gain 

Cattle healthierb 

Saved concentrate 

aOne farmer could state more than one
bFarmers who used molasses as liquid 

thier. 

Number 

6 

13 

16 

17 

21 

2 

1 

7 

6 

7 

benefit. 
supplement 

Problems encountered 

Need extra labour 

Need extra place 

Extra feed costs 

Need extra labour 

Need lot water 

Need extra place 

Extra feed costs 

reported that their cattle 

Number 

3
 

5
 

2
 

5 

7
 

3
 

1
 

were heal



Conclusion 

The original purpose of this paper was to discuss 
a series of feeding experiments conducted on private, 
joint venture, and state farms. In every case the 
experiments were too late in starting. The main rea
sons were 

(a) Farmers feared loss of production and earning 
if the feeding system proved unsuccessful. 

(b) They feared the extra costs imposed. 

(c) The extra labour required was difficult to find 
because of limited labour availability, insufficient cash 
to hire labour, etc., (particularly for urea). 

(ci) Trials -ere started and then stopped because 
of changes in diet occasioned by the lack of vital re
sources.
 

(e) The lack of accurate recording. Farm 
employees did not always have time for accurate record
ing and if an outsider did the recording it would often 
change normal commercial procedures. 

(f) State farms feared reprisals for experiments 
that might turn out badly. 

It is hoped that the new experiments now under 
way will prove more successful in demonstrating accu
rate milk production improvements. In the meantime, 
the questionnaire approach, particularly in an environ
ment of commercial distribution, which the project has 
tried to create, was felt to be a valid measure for 
on-farm benefits. The system is now becoming well 
established in Egypt. There is now a waiting list of 
farmers who wish to pay for ammonidtion, but the 
project has insufficient equipment to deliver. This, 
surely, is the ultimate on-farm trial. 
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Abstract The Rahad Agricultural Scheme (Sudan) 
is devoting 1680 ha to forage production for the sup
port of about 10,800 head of dairy cattle. Distribution 
of 400 tenancies, of 4.2 ha each, started in the 1982/83 
season. On-farm trials (OFT) are an integral part of 
the research project aiming at the improvemeni of the 
dairy-production systems in the scheme. The primary 
objective set for OFT is to help researchers develop a 
realistic understanding of the traditional production 
system as well as the identification and introduction of 
practical ways for improvement. 

In the first year, five tenants were selected to 
participate in OFT. Three were chosen for the purpose 
of evaluating forage yields and crop management prac
tices, whereas the other two were identified for the 
evaluation of both forage and milk production. Tenants 
were interested in the objectives of the trials and were 
very cooperative. 

Results indicated inefficient utilization of the pro
duced forage, although tenants are capable of getting 
reasonable yields. Many practical reasons were found 
behind such a behaviour. In this respect, OFT served 
as a useful technique for complementing information col
lected about farmers' practices through other means. 
On the other hand, OFT achieved the objective of 
defining other production alter-natives available to the 
tenants. Self-confidence developed by the trial tenants 
and neighbours and their belief in the work the 
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research team is trying to do stands as an accomplish
ment by itself. 

Resume Le Rahad Agricultural Scheme, au 
Soudan, consacre 1 680 hectares a la production de 
fourrage pour nourrir un troupeau laitier de quelque
10 800 tetes. On a commence, au cours de la saison 
1982-1983, ' distribuer 400 baux a ferme de 4,2 hec
tares chacun. Or les essais sur le terrain constituent 
un 9lment essentiel du projet de recherche dont 
l'objectif est d'am~liorer les systemes de production
laitiere. Le but premier des essais est d'aider les 
chercheurs 'a comprendre d'une maniere pragmatique le 
systbme traditionnel de production, et aussi 'a envisager
de faqon tout aussi pragmatique l'identification et 
l'introduction de moyens pratiques pour l'ameliorer. 

Durant la premiere annie, 5 fermiers ont R6 
choisis pour participer aux essais, 3 dans le but 
d'6valuer les rendements en fourrage et les m6thodes de 
gestion des cultures, 2 pour l' valuation des produc
tions et fourragere et laitibre. Interesses par les 
objectifs des essais, les fermiers ont pleinement colla
bore. 

Bien que les fermiers soient capables d'atteindre 
des rendements en fourrage acceptables, les resultats 
unt montr6 qu'ils n'avaient pas su utiliser de mani~re 
efficace leur production. On a trouve plusieurs raisons 
pratiques pour expliquer ce fait et, en ce sens, les 
essais se sont averts une technique bien utile pour com
pl6ter les renseignements deja' recueillis ailleurs. 
D'autre part, les essais ont permis de determiner 
d'autres moyens de production accessibles aux fer
miers. Que ces fermiers et leurs voisins aient 
developp une confiance en eux-memes et aient juge
valables les travaux de l'6quipe de recherche est, en 
soi, une realisation. 

The Sudan is the richest among all Arabic and 
African countries in terms of its animal resources. 
There are about 56 x 106 head of animals, estimated in 
1982, with cattle comprising 37% of the total popula
tion. Sheep, goats, and camels constitute 32.3, 24.6,
and 5% respectively. The animal sector contributes an 
average of 30% to the total agricultural product
representing 10% of the gross national product and, in 
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turn, provides 3-8% of the country's hard currency 
earnings (AOAD 1983). 

In the central region, where the major agricultural 
schemes were established, about 3, 4.5, and 2.6 x 106 
head of cattle, sheep, and goats, respectively, are 
found. Despite the presence of such large numbers of 
animals, their productive role had almost been neglected 
when most of the irrigation schemes were planned and 
established. As a consequence, animals are left to live 
on crop residues and open grazing during the period 
from August to February. In summer (March-July)
these animals, especially cattle, suffer both nutritional 
deprivation and inadequacy of feeds, which leads to 
considerable losses each year. Recently, the realization 
of the importance of integrating both animals and crops 
(F Jmpted by the scarcity and poor quality of animal 
products) inspired policymakers to devote certain areas 
of the newly developed agricultural schemes, such as 
Rahad, to forage production. 

The Rahad Agricultural Scheme is a publicly 
administered corporation that extends along the east 
bank of the Rahad river over an area of about 126,000 
ha. The scheme area is a flat plain with highly fertile 
clay soils and is irrigated by gravity from the Rahad 
seasonal river, which is backed up by a set of pumps 
on the Blue Nile (200 km north of the Reseries Dam) 
delivering water to the fields through a canal system. 
On the other hand, annual rainfall is low; the average
annual rainfall was 93 mm for the past 3 years, but a 
total of only 61 mm was recorded last season. 

Medium staple cotton, groundnuts, and sorghum 
are the three rotational field crops. The cotton area 
makes up about 44% of the total scheme area. Sorghum 
and groundnuts are usually grown in an area equivalent 
to half that of cotton for each crop. Vegetables are 
also grown but on a limited scale that does not exceed 
1.4% of the total area. 

Besides the agricultural by-products obtained from 
cotton, sorghum, groundnuts, and horticultural crops, 
an area of 1680 ha will be devoted to forage production 
in the first phase of the scheme. Four hundred ten
ants, each with a 4.2-ha tenancy, are expected to 
benefit from these holdings through the support of 
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about 10,800 head of dairy cattle. 1 Allocation of these 
animal-production tenancies started in the 1982/83 
season and only 73 tenancies were distributed. 

Because the scheme area used to be a natural 
pasture for animals, which were the main investment of 
the local inhabitants in addition to dry farming, the 
establishment of the scheme created a nutritional gap in 
summer for animals in the area. The baseline survey
conducted in April 1984 revealed that a summer feeding
problem is well recognized by all animal producers. 
The main reasons sited include the existence of a long
dry spell before the rainy season and the prevalence of 
high prices for fodder substitutes. 

The general objectivt± of the multidisciplinary
research project jointly sponsored by Canada's Inter
national Development Research Centre (IDRC) and the 
Sudanese University of Gezira (U.G.) is to develop an 
improved feeding system for dairy cattle the irrion 
gated Rahad Agricultural Scheme (RAS). To satisfy
this goal of helping the farmers in the scheme explore 
their potential for the improvement of forage production 
and, consequently, dairy production, a baseline survey 
was carried out by the team members in April and May
1984. The purpose of the survey to give anwas over
view of the whole set of problems pertaining to dairy 
production and to help in identifying priorities for 
research in this area. The information generated from 
the survey is thought to be an essential component of 
the research program. In addition to the above-men
tioned survey, several other infor.:,al surveys were 
conducted by the team members. Such information was 
again very valuable in designing the experiments. 

The research team is composed c an agronomist, a 
plant breeder, an animal scientist, and an agricultural 
economist. Two types of experiments are conducted 
concurrently; on-station trials (OST) carried out in the 
University of Gezira farm in Wad Melani and on-farm 
trials (OFT) carried out on selected farmers' tenancies 
in RAS. In this paper, the experience with OFT in the 

I A survey in April 1984, indicated that the aver
age herd size owned by an individual producer is 27 
head. 
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first season in RAS is reported. However, in some 
instances, information obtained from the baseline survey 
(1984) and from OST, is referenced. 

GENERAL AND SPECIFIC OBJECTIVES 

The first season for forage production tenancies in 
RAS was the 1982/83 season. The farmers in the 
scheme had very little experience in forage production 
and organized dairy-production systems. In addition, 
very little research has been conducted to cover crop
ping systems, seasonality of crops, and improvemc-nt of 
dairy-production systems. 

Therefore, the main objective behind conducting 
OFT in RAS is to familiarize thc rarmers with appropri 
ate alternatives for efficient production practices 
without being too far from the realities of the already 
existing system. The OFT are there to familiarize the 
researcher with the factors affecting farmers' decisions 
on whether to accept or reject new approaches sug
gested from outside the system. 

The specific objectives of the OFT in the first 
season can be summarized as follows: 

(a) To follow up and evaluate farmers' management 
practices in forage production, identify the various in
puts available to them, and tr record the timing of the 
different agronomic practices and the yields of the dif
ferent crops given the farmers' own cultural practices; 

(b) To monitor utilization of crops by the animals 

as to how and when; 

(c) 'T'o estimate animals' feed intake; 

(d) To collect information about milk yield and 
quality and to evaluate the efficiency of production; 

(e) To assess farmers' reactions to the approach, 
their willingness to adopt new practices, or adherence 
to traditional practices; and 

(f) To get feed-back from the farmers that could 

help the team members design future experiments and, 
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hence, suggest new approaches that are compatible with 
the current system. 

MATERIALS AND METHODS 

Each animal-production tenancy occupies an area of 
4.2 ha purposely allotted for forage production. The 
allotment criteria set by the administration of the 
scheme emphasized the possession of at least 10 cows 
out of which seven should be lactating. Also, appli
cants should not have any other crop or horticultural 
tenancy registered under their names. 

In the first year, five farmers were identified to 
participate in the OFT. Three farmers were selected 
for the evaluation of forage yields and the other two 
were considered for both evaluations of forage and milk 
production. All five farmers were from village 27, 
which is one of three villages where forage tenancies 
have been distributed. Village 27 is favoured over the 
others because of the relative experience acquired by 
the 19 tenants in forage production. The 1984/85 sea
son is their third production season. 

Selection of Farmers 

From three informal visits paid by the team 
members to the tenants during the 1983/84 season and 
based on the results of the baseline survey, the team 
members are impressed by the fact that most, if not all, 
of the farmers in the area are very excited about the 
experience of forage and dairy production. They were 
very willing to work with the research team because 
they felt that if they were cooperative they might reap 
some benefits such as: (a) additional land to support 
more cattle than allowed by RAS; (b) more frequent 
waterings especially during periods of water shortage; 
(c) free supply of additional inputs not commonly 
affordable, such as fertilizers, pesticides, certified 
seeds, and seeds of newly introduced forage crops; arid 
(d) technical P.dvice by the team members. 

This is especially true because the dairy field 
inspector, the RAS administrator in charge of these 
tenancies, was involved in both the selection process 
and supervision of the experiments. In this respect, 
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RAS is a typical, publicly administered production sys
tem. The land is owned by the scheme representing 
the Government of Sudan and it is leased to the 
farmers. By the tenancy contract, the RAS allocates 
the land for the farmer, specifies the types of crops to 
be grown (forages in this case) with the cropping
systems and the husbandry practices supervised by the 
field inspector. Watering is strictly controlled by the 
scheme. However, the farmer is allowed some flexibility
in the choice of cultivars and timing and methods of 
cultivation. Except for selling the forage from his 
land, the farmer is free to use his forage as he likes. 

The three farmers on whose tenancies forage yields 
were to be evaluated were selected at random given the 
fact that most of the farmers were interested and 
showed a willingness to cooperate with the team mem
bers. It the of the team thatwas belief members 

taking daily milk-production 
 data in an OFT needs a 
special kind of farmer. le has to be willing to cooper
ate and have the patience to continue receiving daily
visits by the team members for a period of about 2
weeks. Because of this, the selection of the two 
farmers on whose tenancies both forage and milk yields 
were to be monitored was done very carefully. Follow
ing interviews with farmers, whole ofthe the plan work 
was discussed. The two farmers selected from the 
volunteers showed strong commitment to perform the 
experiments as ad\ ;d by the researchers. No modifi
cation of the farmers, practices was attempted at this

time. The 
 trust the farmers had in the research team,
 
established through 
 personal contact, reflected their 
commitment in the program. This was to the extent
that the idea of compensation or incentive was unaccept
able to the farmer, at least at this level. 

Trial Design 

The major forage crops grown in the area are the 
forage sorghum cultivar Abu 70 (Sorghum bicolor) and 
local c0ltivars of lablab beans or lubia (Dolicus
lablab). The cultivar Pioneer 988 is a hybrid forage
sorghum from Pioneer seed company (USA). It was 
introduced in RAS last season mainly because many of
the farmers did not find enough seeds of Abu 70 in the 
market. 
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For the first year of OFT, the three tenancies 
where forage production was to be monitored were 
divided into four blocks, each of 1.04 ha. On each of 
three blocks one crop was grown (Abu 70, Pioneer, and 
lablab beans). The fourth block was left fallow. 

The 1.04 ha of lablab in each tenancy was sown 
during the first week of August 1984 with local culti
vars of lablab at a seed rate of 30-40 kg/ha. Planting 
was in ridges 70 cm apart with 50-cm spacing between 
holes along the ridge. Watering was at intervals of 
10-14 days. No nitrogen fertilizer was added. The 
beans started flowering around late November and by 
the end of December and early January 1985 the pods 
were almost mature. Cattle started grazing in mid-
January. By early January (1985), when the pods 
were mature, the plants should have translocated much 
of the dry matter from the foliage to the pods. This 
may significantly reduce both forage yield and quality. 

The farmers were not very much worried about 
this practice. They still prefer to wait until the pods 
are mature because they need to collect them for their 
own food. In addition, seeds are somewhat expensive 
in the market, so a farmer prefers to produce his own 
seeds for next season whenever possible. As a result, 
he is ready to sacrifice the loss in forage yield but 
compensates for it by the savings he makes in stocking 
food and seeds for the following season. 

The two forage sorghum cultivars were sown 
during the first week of July 1984 with 30-40 kg/ha of 
seeds in ridges 70 cm apart. Watering was at intervals 
of 10-14 clays. The first cut of Pioneer 988 was around 
1 September. The three farmers claimed that each of 
the 1.04 ha of Abu 70 and Pioneer 988 sustained the 
herd for a period of 30 days. The herd sizes ranged 
between 20 and 30 head. The second crop of Pioneer 
was grazed around late October and it was ready for 
the third grazing by early December. However, until 
the last week of December, it was not grazed and was 
drying out and infested with aphids. When farmers 
were questioned about this delay in forage utilization 
they said that they knew that the perfect time for 
grazing had already passed but at that time they had 
enough feed for their animals from open pasture outside 
the scheme, groundnut residues, sorghum stalks, and 
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chaff and cotton residues inside the scheme. So they
prefer to postpone the Pioneer grazing until other 
so"rce' of feed that will not be available later are 
exhausted. 

Estimation of Forage Yield from the First Crop of Lablab 
Beans 

An estimate of plant population in each of the 1.04 
ha of lablab beans in the three tenancies was made by
counting the number of plant holes along two randomly
selected ridges. Ten metres along each ridge were col
lected. The counting started at least 5 m from the 
edge of the block. Then, 10 randomly selected plant
holes were dug out and the aboveground matter was 
weighed. The average weight of the 10 plant holes was 
multiplied by the total plant population in the block to 
give the total forage yield in the 1.04-ha block. This 
method was compared with another method where a 
transverse section in the middle of the field with a 
width of 2 m was cut and weighed. From this, the 
total yield of green forage was also calculated. The 
two methods gave comparable yield estimates. Because 
the second method needed more effort and labour in 
cutting and transporting large quantities of green for
age for weighing, besides depriving the farmer of a 
great portion of the crop, it was thought better to rely 
on the first method. A second estimate for the green
forage left after grazing was made to obtain the amount 
of fodder consumed by the herd. This was done using
the first method of estimation. 

Estimation of Yield from the Third Crop of Pioneer 988 

Three samples of 2 m along randomly selected 
ridges were cut about 10 cm from the ground. The 
weight of the samples was used to calculate the total 
forage yield in the Pioneer block. A general scanning
of the field was made for possible empty spots. When 
observed, the proportion of the total area they repre
sent was considered in the calculations of the final 
yield. 

Animal Performance Data 

Several measurements concerning animal perfor
mance were made over the grazing period. Information 
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about milk yield and production, liveweight of cows,
and proximate anlaysis of forages, supplements, and 
digestibility was collected. 

Milk Yield and Production 
Daily milk yield was measured in custom-made tin 

cans. Measurements were taken by the team members 
every other day. On the alternate days, milk yield was 
estimated by the farmers using their buckets. Theown 
data recorded by the farmers were checked and ad
justed. This agreemen served the dual purpose of 
saving important research resources and, at the same 
time, added to the level of farmer participation in the 
trial. 

Total milk yield per cow is defined as the amount 
of milk drawn plus the amount left for the calf. The 
physical presence of calves is a must for milk let
down. An implication of this practice is that calves are 
not weaned until the cow is dry. The amount of milk 
left for calves depends on their age. Usually, one or 
two quarters of the udder are left for the young calf 
while half a quarter is the amount left for older ones. 
Based on the assumption that all quarters produce the 
same amount of milk, the amount of milk drawn from 
other quarters was measured and the amount left for 
the calves was estimated. 

Milk yield per herd per day was then calculated. 
Total milk yield per hectare was estimated by dividing
total milk yield by the area grazed by lactating cows. 

Liveweight of Cows 
Cow weight gain was estimated as the difference 

between liveweight at the beginning and end of the 
experiment. Liveweight was estimated using a regres
sion equation developed from data obtained at the U.G. 
farm for the same local breeds: weight (kg) = -592.6 + 
5.95 (heart girth (cm)); r 2 = 0.80. 

Proximate Analysis of Forages, Supplements, and 
Digestibility 
Samples of forages were taken from each farm and 

were analyzed for moisture, crude protein (CP), crude 
fiber (CF), nitrogen free extract (NFE), ash, and 
ether extract (EE) following standard procedures
(AOAC 1965). A representative forage sample was 
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taken for digestibility trials in the U.G. farm. Four 
male desert sheep, 1 year old and of similar body 
weight, were used in the experiment. 

After a preliminary period of 7 days and a 1-week 
collection period, composite feed and feces samples were 
analyzed and digestibility coefficients were determined. 
Total digestible nutrients (TDN) were calculated. The 
chemical composition of the supplement (sesame cake) 
was also determined and its TDN was calculated. 

Cow requirements were estimated using National 
Research Council (NRC) guidelines for requirements of 
dairy cattle. Information on weight, daily milk yield, 
percentage fat, gain in weight, and nutrient intake 
were then compared with the NRC requirements to test 
the efficiency of the farmer's feeding system. 

RESULTS AND DISCUSSIONS 

It is obvious that the number of farmers on whose 
tenancies OFTs were carried out is too small, thus 
allowing no statist' al analysis of the data. Neverthe
less, this small sample gave a good representation of 
the patterns of production in the area and served the 
purpose of familiarizing the research team with the 
dairy-production system in RAS. 

There were observable differences between the 
farmers' forage yields (Table 1). In this table yields of 
the three tenancies of lablab and Pioneer 988 were com
pared with the yield obtained in on-station trials 
(OST). The station lablab results were better than 
those of the farmers, whereas their Pioneer gave higher 
yields than Abu 70 grown at the station level. 

The major reason for the differences in lablab 
yield rests on the low seed rates used by the farmers 
(30-40 kg/ha) compared with 60 kg/ha for OST. Far
mers' blocks in OFT were infested with aphids and OST 
plots were harvested at a more appropriate time than 
those of the farmers. It is therefore, considered 
important to demonstrate the value of both increasing 
seed rate and chemical control of aphids on yield of 
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Table 1. Fresh weight of Pioneer (third cut) and 

lablab beans in RAS 1984/85 (t.ha). 

Farmer no. Lablab beans Pioneer 

3 
 4.588 16.793
 

4 6.543 16.094 

5 5.988 13.852 

Average farmers'
 
yield 5.700 15.580
 

Average on-station
 
t-rial (OST) yield 7.000 7 . 5 0 a
 

a Yield of Abu 70. 

lablab beans. This will be included in next season's 
OFT. 

It could also be noted from Table 2 that forages 
are not utilized efficiently given the fact that farmers 
are letting their animals directly graze the crop. More 
than 2 t/ha are left as waste after grazing compared to 
the cut-and-carry practice. The farmer prefers to take 
his animals to graze the farm for the simple reason that 
he doesn't have means to transport the fodder from the 
farm to the animal enclosures in the village. Besides, 
animals can drink water from the irrigation canals in 
the farm. Thus, farmers make some savings in both 
time and money by not cutting the forage. Another 
disadvantage of the direct grazing practice is that 
eventually animal. cause soil compaction. We would like 
to make an arrangement with the farmer next season 
whereby forages are cut and put aside on a umall por
tion of his land where animals can feed on it. This will 
ensure efficient utilization of the fodder, reduce 
animal tampering on the land, and may give the farmers 
more control over the amount to be grazed by "he herd 
for a given time period. 
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Table 2. Yield of lablab and intake by cattle on two 
farms. 

Farmer 1 Farmer 2 

Total area cultivated (ha) 1.050 1.050 

Forage yield/ha (t) 6.721 15.238 

Total forage produced (t) 7.058 16.000 

Amount ungrazed (t) 2.990 4.727 

Amount grazed (t) 4.068 11.275 

Dry matter consumed (t) 2.034 3.382 

Grazing animals 19 19 

Grazing days 11 15 

Dry matter intake per cow per day 9.73 11.87 

Sesame cake consumed per cow per 
day (kg, dry matter) 0.90 0.67 

Overall, farmers had good yield out of their land. 
However, they may further improve their yield by 
taking two extra measures that we hope to demonstrate 
next season. First, fertilizer application after each cut 
and, second, insecticide application to control the maize 
aphid, which is affecting both yield and quality of the 
forage especially during the cooler months of the year. 

The baseline survey indicated that the farmers are 
not following any specific feeding strategy. This was 
confirmed by the results obtained with the two 
farmers. Farmers are supplementing lablab (a high 
protein forage) with sesame cake (a high protein supple
ment). This results in protein overfeeding at the 
expense of energy requirements. As a consequence, 
cows were found eating more dry matter than what they 
really needed; possibly trying to make up for the 
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Table 3. Proximate composition of forage and supple
ment. 

on dry matter (DM) basisa 

CP EE CF NFE ASH TDN 

Lablab 

Farmer 1 14.8 1.6 26.6 47.0 10.0 51.0 

Farmer 2 14.0 2.0 30.7 43.2 9.9 52.0 

Sesame cake 41.0 12.7 9.5 22.0 14.9 8.5
 

a CP = crude protein, EE = ether extract, CF = 

crude fibre, NFE = nitrogen-free extract, TDN = total 
digestible nutrients. 

energy deficiency. These results are presented in 
Tables 2-4. These findings suggest that a feeding 
system that is geared toward more judicial feeding of 
forages supplemented with the appropriate 
concentrate(s), even with the current inputs, is 
expected to improve the productivity of the milking
herd. It is worth noting that the supplements are 
given to the cows regardless of the amount of milk 
produced, stage of lactation, or the physiological status 
of the cow (pregnant or not). Instead, the amounts 
fed depended on the type of available roughages. More 
quantities of supplements are given when the herd is 
put on sorghum straw. The farmers are not dependent 
exclusively on the farm for feeding. The herd is taken 
outside the scheme to graze open pastures and to other 
fields to graze crop residues. The area is insufficient 
to sustain the actual number of animals owned. 

The first farmer seems to have a better genetic 
potential in his herd. In fact, he sets a standard that 
any cow that produces less than 3.6 kg/day will not be 
kept in the herd (Tables 5 and 6). He culls his cattle 
continuously, whereas the second farmer pays no 
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Table 4. Nutrient intake/day compared to NRC established requirements 

Farmer 1 Farmer 2 
DMa CP TDN DM CP 

Daily intake 

Forage 9.730 1.440 4.962 11.870 1.662 

Cake 0.900 0.360 0.765 0.670 0.275 


Total 10.630 1.800 5.727 12.540 1.937 

NRC requirements 

Maintenance 0.373 3.150 0.375 
Production 0.596 2.180 0.472 
Gain 0.500 2.260 0.400 

Total 8.630 1.469 7.590 8.540 1.247 

Total intake - total 
requirement 2.000 0.331 -1.863 4.000 0.690 

a DM = dry matter, CP = crude protein, TDN = total digestible nutrients. 

(kg). 

TDN 

6.172
 
0.342
 

6.514
 

3.150 
1.760
 
2.260
 

7.170
 

-0.656
 



Table 5. Herd structure (head) 

Farmer 1 Farmer 2 

Lactating cows 10 12 

1st lactation 1 6 
2nd lactation 7 3 
3rd lactation 1 1 
4th lactation 1 1 
5th lactation - 1 

Pregnant cows 9 6 

Bulls 1 

Calves 

Females 4 3
 
Males 6 9
 

Table 6. Milk production data. 

Farmer 1 Farmer 2 

Lactating cows 10 12 
Herd average/day (kg)a 43.11 36.31 
Average milk yield per cow 

per day (kg) 4.4 2.91 
Milk fat (g/kg) 43 53 
Milk protein (g/kg) 32.7 34.1 
Total milk per herd per 

day (kg) (herd average + 
amount left for calves) 64.3 59 

Total milk yield per ha (kg) 1284.96 1607.86 

a Does not include amount left for calves. 
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attention to the amount of milk produced and tends to 
keep the cow that produces a calf each year. 

The team discussed with farmer no. 1 the idea of 
milking his cows twice instead of the common practice of 
once a day. He was approached because it was thought 
that he had good potential in his herd. He was not 
very interested in the idea for two reasons: fir;t, it is 
difficult for him to move the herd twice a day between 
the village (for milking) and the farm (for grazing); 
second, milking twice means more milk for which there 
is no market in the neighbourhood. Six other farmers 
were questioned about this and it was clear that there 
is a marketing problem for the fresh milk. Ironically, 
there is a high demand for both fresh milk and cheese 
in the neighbouring towns, but they are not accessible 
to the donkey retailers on whom the farmers depend for 
the marketing of the milk. This necessitates a closer 
look into the problem to see the possibility of 
establishing an efficient milk-marketing system. 

FUTURE DIRECTIONS 

The first year of OFT has been a learning 
experience for the research team in helping them to 
gain a better understanding of the farming system. 
Based on the experience gathered in the preliminary 
OFT, which involved only five farmers, the approach to 
OFT for next season will take into consideration the 
farmers' reactions to the first year of OFT. It will 
attempt to address problems that require the minimum 
distu 'bance to the farming system. Further specific 
surveys will be conducted to address mainly the 
particularities of livestock feeding and management 
practices. A larger number of farmers from the three 
villages will be involved in the second year of OFT. 
With the problems encountered during the first year 
OFT and surveys taken into consideration, the OST will 
continue to screen alternatives for improving crop and 
livestock management. 
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ON-FARM TRIALS IN NORTHWESTERN SYRIA: 
TESTING THE FEASIBILITY OF ANNUAL FORAGE 

LEGUMES AS GRAZING AND CONSERVED FEED 

2Dennis Tully, 1 Euan F. Thomson, Ronald Jaubert,1 

and Thomas L. Nordblom' 

iFarming Systems Program, and 2 Pasture, Forage and 
Livestock Program, International Center for Agricultural 

Research in the Dry Areas (ICARDA), P.O. Box 5466 
Aleppo, Syria 

Abstract In areas of Syria receiving 200-350 mm 
annual precipitation, barley is the main crop and is 
grown continuously or alternated with fallow. Only 
small areas of forage legumes such as vetch (Vicia 
sativa) and lathyrus (Lathyrus sativus) are sown due 
to poor yields and high costs of both seed and harvest 
labour. Two sets of trials were designed to quantify 
yield potentials, costs, and constraints for rotations 
involving forage legumes either for spring grazing or 
harvested at maturity to provide conserved winter feed. 

Grazing trials were established on eight farms to 
compare vetch (I ha) and lathyrus (1 ha) for lactating 
ewes. Farmers' flocks were divided into three matched 
groups and assigned to the two forage crops and to a 
"control" group grazing communal pastures. Milk pro
duction and ewe liveweights were measured regularly 
with farmers' assistance. Complementary rotation trials 
and surveys were continued in the area. 

Harvest trials with 0.5 ha vetch and 0.5 ha 
lathyrus were established on each of 12 farms. The 
farmers' labour needs and costs of harvesting were 
monitored. Nested within each harvest trial were rota
tional plots (0.2 ha) designed to quantify responses of 
fertilizer treatments on lathyrus, vetch, lentils, barley, 
barley plus nitrogen, and to trace the effects on a 
barley crop sown the following year. 
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Resum' Dans les regions de la Syrie oii la 
pluviosit6 atteint 200 'a 350 mm par annie, l'orge est la 
culture principale et elle est cultivee de maniere con
tinue ou en alternance avec une periode de jachere. 
Parce que les rendements sont faibles et que les couts 
des semences et de la main-d'oeuvre pour la moisson 
sont tr~s 6lev6s, on ne seme que de petites zones de 
l6gumineuses fourrageres telles que la vesce (Vicia 
sativa) et la gesse ( Lathyrus sativus). Deux s-ries 
d'essais ont 6t6 preparces en vue d'1valuer le potentiel 
de rendement, les couts et les obstacles 6 la rotation 
des lgumineuses fourragqres qui donneraient des 
p'turages du printemps ou, si elles etaient recoltees ' 
maturit6, un fourrage d'hiver sec. 

On a donc constitu6 des pdturages experimentaux 
dans 8 exploitations Lifin de comparer les effets de la 
vesce (1 ha) et de la gesse (1 ha) sur les brebis qui 
allaitent. Les troupeaux des exploitants ont 6te divises 
en trois groupes assortis; aux deux premiers, on a 
assign6 les 2 cultures fourrageres et au troisieme, le 
groupe temoin, des pdturages communaux. La produc
tion de qit et le poids des brebis sur pied ont 6te 
mesur s r~gulii'rement avec l'aide des proprietaires. On 
a poursuivi, dans le secteur, les rotations ' l'essai et 
les enquites. 

Dans chacune des 12 exploitations, on a constitue 
des cultures exprimentales de 0,5 ha de vesce et de 
0,5 ha de gesse. On a observe les besoins en main
d'oeuvre des agriculteurs et les cotts de la moisson. 
Dans chaque lot exp6rimental on a reserv6 des parcelles 
a la rotation (0,2 ha) en vue d'analyser, d'une part, la 

1r6action 6 a fertilisation par engrais de la gesse, de la 
vesce, des lentilles, de l'orge, de l'orge azot6; d'autre 
part, de deceler les effets de la fertilisation sur de 
l'orge semee l'ann~e suivante. 

In the dry cultivated areas of Syria, the primary 
agricultural activity of the rural population is barley 
production integrated with raising sheep. The predomi
nant crop rotation is cereal/fallow, but a secondary 
practice is continuous or nearly continuous cereal 
cultivation. Total agricultural output of both systems 
may be improved by using alternative crop rotations in 
which forage legumes replace fallow or act as a break 
crop in continuous cereal cultivation, inhibiting disease 
and contributing to soil fertility. In addition, forage 
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legumes with good productivity in dry conditions could 
contribute to the supply of livestock feed. 

Syria, like much of the Mediterranean area, is 
characterized by a sharp rainfall gradient, with high
rains in mountainous areas near the sea, giving way to 
steppe and eventually desert further inland. The high
rainfall areas are associated with intensive cultivation of 
wheat, legumes, summer crops, and tree crops, whereas 
much of the steppe is permanent grazing land. Be
tween these areas lie the dry cultivated areas of Syria,
where average rainfall is between 200 and 350 mm. 
Soils are basic, usually limestone or basaltic, in origin
and frequently low in available phosphate (FSP 1982, 
p. 26; Harmsen 1984). Many are also shallow stony,or 
which are characteristics that are associated with poor 
crop yields (Matar 1984). 

The research reported here is taking place in this 
transition area, where barley is the major crop, grown
almost entirely as feed for sheep and goats. Sheep are 
a major source of income as well as products for family 
consumption. However, they can be costly to main
tain. Feed shnrtages are common, and purchase of feed 
produced outside the system is necessary, imposing a 
strain on the limited cash resources of farmers. The 
variable productivity of both agriculture and communal 
grazing areas within the cultivated zone exacerbates the 
feed problem. In addition, both arable land and 
grazing areas are being exploited through management 
practices that may lead to soil degradation and further 
declines in output. 

Survey work has shown both cereal/fallow and
 
continuous cereal to be the most common rotations in
 
areas 
 with less than 300 mm average annual rainfall, 
and also on poor soils in wetter zones (FSP 1982; Tully
1984). Experiments at the International Center for 
Agricultural Research in the Dry Areas (ICARDA)
research stations, as well as on-farm, have indicated 
that alternative rotations, including forage legumes such 
as vetch, lathyrus, and peas, (Vicia sativa, Lathyrus 
sativus, and Pisum sativum, respectively) are agronomi
cally feasible in dry areas (ICARDA 1984). However, 
survey research and economic analysis (Tully 1984;
Jaubert and Oglah 1985) indicate several problems
limiting the area planted to legume crops. These 
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include low profitability, due primarily to low yields and 
high harvest labour costs, and the fact that the forage 
legumes have to compete as feed with both communal 
grazing and inexpensive agroindustrial by-products. 
Thus, their economic feasibility and overall attractive
ness to farmers require additional testing, and on-farm 
trials play a major role in this respect. 

Even if analysis of data from the research station 
using local market prices indicates that profitable forage 
legume crops can be grown, several questions remain 
concerning their feasibility and impact. Can acceptable 
and sustainable yields be achieved in the diverse soil 
and climatic conditions faced by farmers? Do farmers 
have the cash and labour resources to invest in legume 
rotations? Can the crop produced be put to profitable 
use in a semisubsistence farming system? What unex
pected factors might inhibit the adoption of rotations 
including legumes? These questions are addressed in 
on-farm trials as well as associated survey research. 

The agronomic aspect of rotations with legumes is 
being addressed in two sets of factorial trials in 
farmers' fields, which measure on-farm yields of legumes 
under a variety of treatments, and their effect on a 
subsequent cereal crop. The economic aspect is some
what more complex because the crop may be used in 
more than one way. Specifically, two main options for 
using forage legume crops are being tested on-farm: 
grazing the crop before maturity, and harvesting the 
mature crop for grain and straw. 1 Yield measurements 
will also be taken before pod maturity to test the po
tential of the crop as hay. However, due to dry matter 
losses incurred in making hay (ICARDA 1984, p. 223; 
Osman and Thomson 1985), as well as the labour costs 
and lack of seed production, this form of conservation 
is not considered suitable for on-farm testing at this 
time. 

The relative merits of these alternative crop uses 
partly depend upon the livestock feeding system. In 

'The term "straw" is used throughout this report 
for crop residues after threshing and separation of the 
grain. It includes chopped leaves, stems, and chaff. 
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most of the barley-growing area, sheep feed sources 
vary over the course of the year. The following
description of the feeding cycle is based on previous 
survey research (FSRP 1980; Nygaard et al. 1982;
Tully 1984; Jaubert and Oglah 1985; Jaubert and 
Thomson 1985). 

In winter, animals are usually confined to the 
village during the early rains and planting season, 
i.e., November/December. At this time, most animals 
are largely dependent on stored or purchased feeds,
such as barley grain and straw, cottonseed cake, sugar
beet pulp, and legume straw. Most lambing takes place
in December and January. At some time between Janu
ary and March, grazing becomes available in the steppe
and on local communal grazing areas, and may continue 
to be available throughout the summer. Many sheep are 
taken to the steppe. Feeding is reduced or halted if 
the season is good but must continue in a dry year. 
Some immature barley is grazed by lambs and, in the 
driest years, large areas of crops may be grazed off at 
this time. Milk production reaches a peak in spring,
providing about of cash from25% the income keeping 
sheep. 

Harvesting takes place in May or June. At this 
time, sheep are brought back from the steppe to graze 
crop residues. Also, crops are sometimes profitmore 
ably grazed than harvested (Nordblom 1983). Stubbles,
standing crops, and grazing lands support the animals 
until autumn. Some animals also graze irrigated crop
residues, both locally and in other parts of the coun
try. As winter approaches, livestock become increas
ingly dependent on supplementary feed until they are 
again confined to the village (Fig. 1). 

The production of a new livestock feed must be 
considered in of place in this Harterms its cycle.
vesting and threshing an annual forage legume provides 
a feed that can be used in winter, at a time when ani
mals are almost entirely dependent upon purchased or 
stored feedstuffs. According to farmers, this is the 
season of greatest feed shortage. However, because 
these crops must be harvested by hand within a very
brief period, the availability and cost of labour is 
expected to be a major constraint. 
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observed in a particularly dry year.
 

Fig. 1. Livestock feeding cycle at Bueda. 

One way to avoid the harvest labour problem is to 
graze the crop in spring. At this time animals subsist 

primarily upon communal resources: grazing lands, fal

low land, and the steppe. There is evidence that the 

steppe and communal grazing land are being degraded 

by overuse; thus, provision of alternative feed can 

have an important conservation effect. However, direct 

grazing of forage crops has certain economic disadvan

tages. In particular, the communal grazing resources 

are seen as free goods. At the farm level, the costs 

and benefits of producing an alternative to them may 
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not be favourable. Therefore, grazing trials are Leing
undertaken to determine whether the production of for
age legumes for grazing can be economically feasible 
from the individual farmer's point of view. Some combi
nation of grazing and harvesting the forage crop may 
be an optimal strategy. 

To quantify the returns to alternative uses of
forage legume crops, two sets of large-plot trials are
under way year. one set, largethis In areas of vetch
and lathyrus will be harvested by farmers. The 
amount, source, and cost of labour used will be closely
monitored, as will the use to which the crop is put.
Presumably, most farmers will use the crop as winter 
feed. Farmer opinions will be periodically collected. In
the other set, large areas of vetch and lathyrus will be 
subjected to controlled grazing in spring. The produc
tivity of animals grazing crops will be compared with
those grazing communal areas. Both sets of trials are 
associated with small factorial agronomic trials. 

This paper focuses on the current year's trials,
which are the largest and most complex in overall 
design of any we have yet attempted. However, we 
have learned a great deal from smaller on-farm trials in
the previous two seasons, and these lessons have 
helped us design the current set (ICA RDA 1984;
Thomson 1984; Jaubert et al. 1985). The 1982/83
grazing trial with lambs obtained good liveweight gains 
on vetch pasture. In the 1983/84 trials, the value of
increased milk production appeared to cover the cost of
planting the forage crop, even though the season was 
vry dry. The trials also revealed some problems in 
the cultivation and palatability of peas, a farmer
preference for lathyrus as feed, and a good phosphate 
response by all legume crops even in dry conditions. 
In addition, these trials have taught us many lessons
about logistics and trial design, which will be expressed
in what follows. Furthermore, through these trials we 
have earned the confidence and friendship of cooper
ating farmers who have been indispensable in expanding
the grazing trials this season. 
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MATERIALS AND METHODS
 

Identification of Locations and Farmers 

In on-farm trials generally, and with large plots in 
particular, it is logistically difficult to have replication 
within an experimental plot. Excessive complexity also 
reduces the usefulness of trials for the elicitation of 
farmers' observations on the treatments tested. In the 
case of farmer-managed or joint-managed trials, where 
the farmer's practices or opinions are essential concerns 
of the trial, replication within one farmer's field does 
not increase our information about his or her re
actions. Thus, on-farm trials are usuali", conducted 
with several farmers at each location to replicate the 
experiment. This implies a two-stage selection proce
dure: selection of research locations and selection of 
farmers. 

In the currently reported research, several 
fal mers were selected in each of a total of five loca
tions. Large-plot grazing trials are taking place at one 
location with six farmers and another with two farmers; 
at the latter location, yield trials of similar design are 
also taking place on five smaller fields. A more 
complex agronomic trial in combination with a large-plot 
bhrvest labour trial is taking place at three other 
locations with four farmers at each location. 

Selection of Locations 
Research locations were chosen to represent 

different ecological, farming, and livestock-management 
systems and to build upon earlier research (Fig. 2). 
In the Bieda area, rotation research at a nearby 
ICARDA station in combination with survey research in 
the area led to a concentration of three sites. Two 
grazing trial locations were selected, one with access to 
communal g.-azing anu one with limited access. A third 
site was selected for a harvest labour trial. Villages 
were selected with farming practices typical of the area, 
i.e., barley grown with few inputs as the predominant 
crop and sheep products as the main output (barley
livestock system). Accessibility of the villages by 
vehicle was also necessary. 

Two research sites were also selected in Al Bab 
for comparison with the Breuia area, building upon 
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Fig. 2. Location of livestock on-farm trial sites. 

previous survey research (Tully 1984). One village 
was chosen to represent a relatively high-rainfall
( 300 mm) area, in which the shallow soils are usually
planted in a cereal-fallow rotation. Therefore, trials in
this site are located on shallow soils. The second 
location represents a slightly drier area of Al Bab. As 
a first step in this area it was decided to attempt cul
tivation on average or better-quality soils. 

Selection of Farmers 
Ideally, if farmer management and opinions play

significant 
a 

role in the trial objectives, one would like to 
have a large number of randomly selected farmers. In 
practice, the number of trial farmers is small, and the 
number of basic requirements for inclusion in the trials
is large. There is a trade-off between getting coopera
tive and accessible farmers and getting a representative
sample. Although one can exclude obviously unusual 
farmers, one must be cautious in generalizing to the 
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whole rural population from the results of trials with a 
few purposefully selected farmers. One remedy for this 
is associated survey work with proper sampling tech
niques to assess the applicability of trial results to 
other farmers. 

In new research locations, it was necessary to 
work with the village representative or the head of the 
cooperative to find suitable farmers with appropriate 
fields. In the locations with grazing trials, survey 
work and other trials have taken place before, and 
potentially cooperative farmers were known to research
ers or recommended by neighbours. This was particu
larly important in the case of the grazing trials, which 
require substantial a'teration in the farmers' management 
of their own resources; a good deal of trust was 
required. 

The following basic factors were used in selecting 
farmers and fields: (a) cooperative and interested 
farmer; (b) one field from each farmer; (c) a respon
sible adult family member expected to be resident 
during trial; (d) no exceptional farmers (big land
owners, college graduates); (e) no closely related 
farmers; (f) ownership of at least 21 breeding ewes for 
grazing trial; (g) suitable soil type; (h) previous crop 
cereal; (i) typical cultivation and fertilization history; 
(j) accessible by vehicle; (k) minimum size 1.2 ha for 
harvest trial, 2 ha for grazing trial; (1) minimum width 
48 m wide for harvest trial, 20 m for grazing; (m) 
fields not too close together; and (n) safe from 
accidental grazing. 

Although most requirements were absolute, some 
exceptions were made in criteria (e), (f), (k), and 
(1). In one area in which land is owned in narrow 
strips, a field width of 14 m was accepted in one case 
(which produced a trial field 850 m long!). Two other 
farmers with insufficient sheep for the grazing trial, 
bu. otherwise ideal conditions, were loaned sheep from 
the ICARDA flock. Another farmer with a field slightly 
too small for the grazing trial will be using flocks of 
five sheep instead of six. It is often necessary to be 
flexible on logistical points that do not compromise the 
value of the results. 

218
 



Trial Design 

The trials include two sets of rotation trials,
large-plot grazing trials, and large-plot harvest labour 
trials. Both agronomic output and actual or potential
livestock productivity are estimated in all trials. Thus,
agronomic yields are measured in grazing trials, where
as nutritional measures are made in harvest trials. 
Combining livestock and agronomic measures in the 
design increases the yield of information at little 
increase in cost. 

Land preparation and planting are done with local 
equipment and techniques. The land is ridged using a 
ducksfoot cultivator fitted to a local tractor. Seed and 
fertilizer are broadcast over the ridges by a local 
farmer and covered by splitting the ridges with the 
same cultivator. 

Designs are generally split-plot with randomization 
of main plots. Farms serve as replicates. Details are 
summarized in Table 1 and subsequent figures. The 
complex agronomic trial (Fig. 3) represents the first 
year of a 2-year rotational trial. Six rotations are 
compared: barley following vetch, lathyrus, lentils,
harley, barley with nitrogen, and fallow. Each main 
plot is split by phosphate and carbofuran treatments 
(with 2or without). In the first year, treatments and 
species will be compared for their feed productivity.
In the second year, all plots will be planted with barley
to measure their effect on subsequent crops, with and 
without additional phosphate. Thus, this trial will 
examine the agronomic feasibility of introducing rota
tions with forage legumes and their ability to compete
economically with several existing rotations. 

The complex rotation trials are carried out on
relatively small plots (albeit larger than usualthe 

2The latter treatment is included, in combination 
with monitoring of nodule damage and biological nitrogen
fixation by the legumes, to diagnose the effect of sitona 
weevil on forage legumes in this area; these insects are 
an endemic pest on lentils in neighbouring areas 
(Tahhan and Hariri 1982). 
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Table 1. Details of trial designs. 

Complex rotation trials 

Treatments compared 

Six rotations: Lathyrus, vetch, lentils, barley, 
barley + N, fallow, followed by barley
 

+- P205 (46 kg/ha)
 
+1- Carbofuran (30 kg/ha)
 

Factors held constant 

Legume seed rate (150 kg/ha)
 
Barley seed rate (100 kg/ha)
 
Uniform inoculation
 

2 )Trial size: 	 0.2 ha (24 plots x 80 m

Replication: 	 Four replicates in each of three 
locations 

Simple rotation trials 

Treatments compared 

Four rotations: Lathyrus, vetch, peas, and fallow 
followed by barley 

+/- P2 05 (50 kg/ha) on crops only 

Factors held constant 

Legume seed rate (180 kg/ha) 
No inoculation 

Trial size: 0.35 ha (7 plots x 500 m2 ) 
Replication: Five replicates in one location (plus 

grazing trials sites) 

Grazing trials 

Treatments compared 

Grazing vetch, lathyrus, and communal rangeland 

+/- P 2 05 (50 kg/ha) on crops; DM yield only 

(continued) 
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Table 1. Concluded. 

Factors held constant 

Legume seed rate (180 kg/ha) 
No inoculation 

Trial size: 2 ha (4 plots x 0.5 ha) plus small fallow 

Replication: 
strip 
Two replicates in one location and six 
replicates in another 

Harvest trial 

Treatment compared 

Two species (vetch and lathyrus) 

Factors held constant 

Seed rate 150 kg/ha 
46 kg/ha phosphate fertilizer 
Uniform inoculation 

Trial size: 1 ha (2 plots x 0.5 ha)
Replication: Four replicates in each of 3 locations 

on-station plots). They receive a relatively high level 
of scientist management, especially in the layout,
planting, and sampling. They are nested within the 
large-plot harvest trials (Fig. 4), which provide them 
with a measure of protection. 

The simple agronomic rotation trial (Fig. 5) uses 
fewer treatments and larger plots than the complex
rotation trial. It compares the prevailing unfertilized 
barley/fallow rotation rotationsto of barley with vetch, 
peas, and lathyrus, with and without phosphate. This 
trial will be planted with uniform unfertilized barley 
next year to assess the overall economics and agronom
ics of the rotation. The other phase of this replicated
trial, which began in the previous season when the 
forages were grown, is planted to uniform barley this 
season. 
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Fig. 3. Basic plot layout, complex rotation trial. 

The plot design of the grazing trials is based upon 
the simple agronomy trials, but larger in scale. 
Lathyrus and vetch are planted on large areas for 
grazing by trial flocks. Peas are continued in the 
simple agronomy trial but are absent from the 1984/85 
grazing trials, because they have been found to be 
unpalatable at the green stage (Thomson 1984; Osman 
1985). The species will be grazed separately in most 
cases, although some farmers are unable to commit the 
management time required. Main plots are further split 

222
 



I I 

-----------.........EX .---.------- HARVEST 
ROTATION TRIAL 
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-

Fig. 4. Typical nested plot layout (harvest trial). 
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~ '~\N'PEAS,~~ 

. . ... . . . .. 200 -

SPHOSPHATE + PHOSPHATE - - FALLOW 

Fig. 5. Basic plot layout (simple rotation trial). 

into areas with and without phosphate for additional 
measurements of phosphate response; however, it will 
not be possible to graze these separately because the 
areas will be too small and an unmanageable number of 
experimental flocks would be required. 

Each flock is divided into experimental flocks,
which graze the forage crops, and a control flock, 
which grazes on communal lands under current farmer 
practice. The productivity of experimental and control 
flocks will be compared. 
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Minimal flock size is 21 lactating ewes; six for each 
treatment and three reserves. 3 Our experience in pre
vious seasons with both lambs and ewes suggested that 
changes in milk production by ewes were more immedi
ately perceptible to farmers than liveweight gains by 
lambs. One important difficulty with lactating animals 
is that they may still be suckling young at the time 
when the trial should start. It is, therefore, necessary 
to choose ewes that lambed at least 2 months before 
grazing is expected to begin. Approximate dates of 
lambing can be ascertained by visiting sample flocks 
during the lambing season. 

Ewes in experimental and control flocks should be 
balanced with respect to liveweight, age, stage of lac
tation, and milk-yield potential. Milk-yield potentials 
are estimated by measuring milk production during the 
week before the start of grazing. Milk yield is mea
sured for some time after the trial is completed. If 
substantial differences between flocks ace found under 
identical conditions, this information can be used to 
adjust measurements of milk production made during the 
grazing period. 

Stocking rates and plot sizes are based on 
previous experience in the area. The minimum "social 
group" of ewes is five or six; if there are fewer ani
mals, they are likely to remain nervous and graze poor
ly. Thus, plots large enough for six animals are used 
in all but one case, where flocks of five ewes will be 
used. In a 1982/83 grazing trial with lambs, a pasture 
area of 150 m2 /lamb (of 25-35 kg) was exhausted after 
18 days (Thomson 1984). In 1983/84, which was very 
dry, a grazing trial was conducted with ewes of 45-50 
kg; 1500 m2 of vetch per animal lasted 35 days (laubert 
et al. 1985). A similar stocking rate (6 ewes/ha) will 
be used this year, with the exception that a longer 
grazing period will be possible in most seasons. 
Assuming a potential crop yield of 1200 kg of dry mat
ter (DM), which is 70% available, a 1-ha plot should 
satisfy six sheep eating 2 kg DM daily for 70 days. 

3 During selection it is desirable to identify farmers 
having even more ewes to allow for deaths, barrenness, 
etc. 
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During the period before grazing starts, both 
experimental and control flocks are managed together 
according to local practices. At least 500 kg DM/ha 
should be available before grazing starts. Sheep are 
given access to all the grazing area. 

The design of the harvest labour trials is very 
simple. Plots of 0.5 ha of vetch and lathyrus, with 
uniform cultivation, seed rate, inoculation, and ferti
lization treatments, are planted side by side. Harvest
ing will be managed by the farmer. Labour inputs and 
costs to the two crops will be compared based on obser
vations and interviews. The farmers' use of the crop 
and opinions about it will be recorded in follow-up 
interviews. 

Day-to-Day Control of Trials 

Field plots intended for harvest require little super
vision. Small plots are protected by fencing or by 
nesting within the larger plots, but harvest plots are, 
hopefully, safeguarded by the original site selection. 
It is up to the farmer to protect these plots as much as 
he chooses. Small plots will be harvested by research
ers, but the large plots will be harvested by the farmer 
at whatever time he chooses. Any weeding or other 
input to those plots is at his discretion. 

As for the grazing trials, farmers are responsible 
for supervision of sheep. The control flocks are 
herded by the village shepherds as usual. However, 
experimental flocks must be moved to and from the cor
rect grazing plots at times determined by researchers. 
Grazing plots are fenced to ensure that flocks remain 
on the assigned areas and to keep out stray animals or 
neighbouring flocks. Fences will be removed once trials 
are completed; they are not considered an integral part 
of the technology being tested. EIwes are marked with 
removable plastic ear tags and spots of dye on the 
rump. Flocks are mixed at night in sheds or pens. 
During grazing trials, sheep receive no supplements. 

Women milk the ewes as usual before they go to 
graze in the morning and after returning in late after
noon. Where possible, total milk production is weighed 
and recorded on a daily basis by a member of the 
family. These measurements are verified once per week 
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by technicians. The involvement of family members 
increases their awareness of differences in milk yield 
between treatments. 

On-Farm Measurements 

Pasture availability measurements have been taken 
in all treatments of all agronomic trials in the second 
week of March. These will be subjected to nutritional 
analysis to determine their feed value as a grazing 
crop. The same will be done with samples from mature 
crops. Standard yield measures will also be taken. In 
the grazing trials, yield samples will be protected with 
wire cages, 1.8 m2 , with five cages per treatment. 

In complex agronomic trials, biweekly measurements 
will be made of acetylene reductase activity (a measure 
of biological nitrogen fixation) and nodule damage. The 
effect of the various crops and treatments on available 
soil nitrate and phosphate levels will be evaluated with 
soil samples taken before the next cropping season. 

As mentioned, milk production will be regularly 
monitored in the grazing trials. The other main compo
nent of livestock output is liveweight gain, which is 
more difficult to monitor frequently in a large sample. 
Thus, intermediate weighings will be limited to every 28 
days. Consecutive weighings on 2 days will be made at 
the beginning and end of the trials to minimize the 
effect of short-term fluctuations of rumen fill. 

Incentives 

In any on-farm trial, farmers incur a certain 
amount of inconvenience and possibly risk. They may 
legitimately expect some form of compensation, whether 
rent or salary, if they are contributing to the trials. 
On the other hand, farmer attitudes and practices may 
be biased by unrealistic levels of compensation, whether 
too high or too low. The form of compensation also may 
have an effect on the farmers' practiccs that we 
observe; for example, if feeding practices are being 
measured, compensation in the form of barley would be 
more likely to affect these practices than compensation 
in wheat (assuming wheat is not being fed to sheep, 
which is sometimes the case). Thus, careful consider
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ation must be given to the question of incentives to our 
farmer collaborators. 

In this season's trials, it is relevant to contrast 
the harvest labour trials with the grazing trials in this 
respect. Arrangements in the harvest labour trial are 
fairly simple. A small rotation trial (0.2 ha) is nested 
in the larger trial, made up of 0.5 ha of lathyrus and 
0.5 ha of vetch. Researchers provided seed, inoculum, 
and fertilizer, and hired local broadcasters and tractors 
for the entire plot. Thus, all initial costs were borne 
by ICARDA. The average value of inputs provided, 

not counting inoculum or ICARDA labour, was approxi
mately SDP 700 per 1.2-ha plot (3.9 Syrian Pounds 
(SDP) = US$I). 

The harvest will belong to the farmer. Thus, any 
effort made by the farm family to weed, guard, or har
vest the crop returns the benefit to the family. (So 
far, no plots have been damaged by grazing.) We only 
require samples, interviews, and use of the 0.2-ha plot 
next year for barley cultivation. 

In contrast, the grazing trials present farmers 
with greater demands for their time and labour and 
require that the farmer put his flock, which may be his 
major asset, through an unfamiliar feeding practice. 
Substantial supervision of experimental flocks by the 
farmer is required. Furthermore, they will not harvest 
the crop, although their sheep will consume it. As a 
result, higher levels of compensation are offered to the 
farmers. All cultivation costs of the crops are borne 
by the researchers, as before, but additional compensa
tion is provided in the form of 500 kg of wheat per 
farmer. Two farmers 'vho keep ICARDA sheep for the 
trial also benefit from the increased availability of milk 

and wool. 

Assessment of Farmer Reactions 

In g-neral, two kinds of farmer reactions are of 

interest: both to having a trial on their land and to 
the technology being tested itself. These are easily 
confounded; farmers may feel very positive about the 
research because they have enjoyed the interaction and 
the incentive;; alternatively, they may wish never to 
see a forage legume again after being bothered by 
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forage-keen researchers for a season. Fortunately, our 
problems are usually of the former variety. In fol
low-up interviews, it is necessary to try to separate
these issues with carefully designed questions. 

Farmers should also be encouraged to express
their thoughts about the trial and the research objec
tives in unstructured interviews, in which researchers 
must be open minded and ready for surprises. Many
aspects of the current research design - including the 
species chosen, the crop uses being tested, and the 
measurements being taken - have grown out of this 
combination of systematic and open-ended interviewing 
in previous trials and surveys. 

Logistics 

The process of on-farm research requires careful 
planning to make efficient use of research resources. 
Researchers, technicians, and farmers have to coordi
nate their activities, and research inputs must be 
available when are This isthey needed. especially true 
when sites are being used as replicates; for greatest 
comparability, the sites should be planted within a 
limited period of time unde±r similar conditions. For 
these reasons, we have ternded to concentrate our live
stock on-farm trials (unlike other agronomic or variety
trials that require less-intensive management) within 
easy traveling distance of Aleppo. 

Major time inputs to the trials are listed by 
category in Table 2, and costs are estimated in Table 
3. The simple rotation trial has been listed separately
from the grazing trial; however, because these trials 
are close together, trips frequently involve both trials 
to save time. Because the harvest and complex rotation 
trials are on the same plots, it was not feasible to 
separate them; however, it is worth mentioning that 
most labour for plot layout and periodic measures is 
accounted for by the rotation trial. 

Several points are worthy of mention. Selection 
time for locations and farmers was fairly low. However,
these trials followed upon survey work and previous
trials, which made the process much faster than it 
would have been if started cold. The grazing trials 
require considerably more trips and technician time than 
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Table 2. Logistical requirements of on-farm trials. 

Harvest and complex 
Grazing trials Simple rotation rotation trials 

(2 ha x 8 farms) (0.6 ha x 5 farms)a (1.2 ha x 12 farms) 
No. of Tech. Sci. No. of Tech. Sci. No. of Tech. Sci. 

Research trips time time trips time time trips time time 
Operations (70 km) (days) (days) (70 km) (days) (days) (80 km) (days) (days) 

Selection of 
locations, farmers, 
and plots 7 7 7 3 3 3 10 10 10 

Plot layout and 
planting 25 50 13 5 10 2 8 32 8 

Fence and cage 
assembly/ removal 32 64 2 7 14 0 - - -

Selection and tagging 
of animals 7 14 7 - - - -  -

Periodic measurements 
and sampling 51 96 15 9 18 1 64 95 25 

Follow-up interviews 8 8 8 2 2 1 9 9 9 

Total 130 239 52 26 47 7 91 146 52 
a Includes 0.35 ha of forage crops and 0.25 ha of barley (second year of trial). 



Table 3. Input costs of on-farm trials (US$). 

Harvest and complex
Grazing trials Simple rotation rotation trials

(2 ha x 8 farms) (0.6 ha x 5 farms)a (1.2 ha x 12 farms" 
Approx. Approx. Approx.

Amount costb Amount cost Amount cost 

Basic inputs 

Cultivation 16 ha 492 3 ha 98 14.4 ha 307Seed 2880 kg 1662 420 kg 215 2050 kg 1231Fertilizer (TSP) 1760 kg 451 96 kg 25 1350 kg 415 
Labour for planting

and fertilizing 207 46 205 

Added research inputs 

Fencing materialsc 6.4km 8200 1.3 km 1670 -
Microplot cagesc 160 4100 -  _ 
Vehicles (each at 

$0.10/kni) 9100 km 910 1820 km 182 7280 km 728Incentives in kind  1538 .- -

Total materials costs 17560 2236 2886 
aIncludes 0.35 ha of forage crops and 0.25 ha of barley (second year of trial).
bCalculated at 3.9 Syrian pounds (SDP) = US$1. 
CFull costs. Fencing and microplots may be reused for about 5 years. 



the harvest labour trials, even though the latter 
involve more intensive measurements of agronomic vari
ables. This is to be expected when one works directly 
with livestock. Fencing has a major cost in time, and 
the regular monitoring of milk production and live
weights also requires considerable labour. 

The cost of physical inputs is fairly small 
compared to the input of technician and scientist time. 
The grazing trials were most expensive in this respect,
largely because of fencing and microplot cages; how
ever, these can be reuse d over about 5 years. When 
one considers that there is no physical plant cost for 
building and maintaining a research station for these 
trials, materials costs of on-farm work may be lower 
than those of on-station research. 

Methods of Analysis 

Rotation/factorial trials will be analyzed for 
agronomic output using standard analysis of variance 
programs. As with on-station trials, economic analysis 
of yield data will initially be based on partial budgets 
using market prices. This will be useful for comparison 
of the sets of trials with each other and with station 
data. However, the prices relevant to farmers may dif
fer from market prices. Furthermore, economic analysis 
should compare trial practices with other options avail
able to farmers. Production costs of forage crops for 
hay, seed, and straw must be compared with the alter
native of purchasing agroindustrial by-products (cotton
seed cake, beet pulp, etc.). Costs and benefits of 
grazing crops must be compared with current spring
feeding practices. Farmers must be interviewed to dis
cover relevant alternatives to trial practices, evaluate 
possible conclusions, and consider additional means of 
analysis. 

Harvest labour data will be used to add precisior 
to our production cost estimates for forage legumes. 
Specifically, it will allow us to compare vetch and 
lathyrus harvest labour requirements, hopefully with a 
variety of yields. Thus, a simple two-way analysis of 
variance would suffice for the first stage. In combina
tion with interview data, the trial will also provide 
information about the relative valuation of family and 
hired labour and of the management costs of mobilizing 
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labour. This will allow a more thorough economic 
analysis of yield data from the farmers' point of view 
usingu a variety of nonmarket assumptions. 

in the case of the grazing trial, partial budgets
will be used to estimate the net value of livestock out
put supported by the grazing crop against the cost of 
producing the crop. However, this is insufficient 
because it does not compare the new practice with other 
options. Thus, the profitability of experimental flocks 
and farmer-managed control flocks will be compared. 
Comparisons will be made in terms of both output per
head and also output per unit of total investment. The 
latter comparison, which allows the number of sheep to 
be a variable, more closely approximates the situr.tion of 
the farmer who is short of capital. 

The unit of analysis depends upon the unit of 
measurement. Each animal can be considered an 
experimental unit for variables such as milk production
and liveweight changes, where measurements madeare 
on each 
intake, 

animal. 
estimated 

However, 
roughly 

a variable such as herbage 
from measure of total and 

residual herbage, can only be analyzed at the flock 
level. 

RESULTS AND DISCUSSION 

On-farm trials are a substantial step beyond 
on-station research. They allow a more realistic testing 
of new technologies while stimulating new research. 
However, it is worth reminding ourselves of the limits 
of on-farm trials and some dangers in their interpreta
tion. 

It is already recognized by most practitiorners of 
on-farm trials that total biological yield is not a suf
ficient basis of analysis. Economic evaluation of results 
can be a substantial step forward. However, these can 
be based on heroic assumptions that may not be the 
best for predicting farmer decisions. Usually, market 
prices are used to evaluate inputs and outputs, for 
want of better iniormation. Maximization of mirginal
productivity, whether per hectare, head, or unit of 
money, is usually assumed to approximate farmer desi
derata. The importance of risk and uncertainty is well 
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known but difficult to include in trial evaluation with
out substantial data that are not usually generated by 
the trials themselves. Limitations on capital, labour, 
land, or livestock may determine the best analytical 
procedure, but data on these factors are often unavail
able and difficult to collect. Furthermore, subsistence 
aspects of the farming system or culturally determined 
requirements may make market price analysis of any 
type irrelevant. 

These factors argue for the complementation of 
economic yield analysis by more general interviews with 
trial farmers and others. Specifically, farmers should 
be presented, in their own terms, with the results of 
economic analyses of trials using various assumptions, 
and their responses should be incorporated into the 
evaluation of results. If farmer opinions agree sub
stantially with the basic analysis, this is encouraging. 
If they do not, this can lead to a more sophisticated 
model of adoption decisions for the new technology, 
such as a decision tree (Gladwin 1979). 

Nevertheless, the importance of farmers' points of 
view with respect to trial results must be kept in per
spective. Farmers' attitudes may be limited by their 
experience and by the importance of mraximizing their 
own or their families' utilities. In the case of alter
native rotations, the effects on the overall farming 
system and on livestock management practices could be 
far-reaching, having an impact well beyond the indivi
dual farm family. It is difficult to say a priori what 
the effect of new sources of spring or winter feed will 
be. 

Our greatest hope is that we can increase livestock 
productivity while also having a positive ecological 
impact. Can we supply a source of feed that reduces 
degradation of grazing areas and the steppe? Simplis
tically, an alternative spring feed should do so. How
ever, it is difficult to predict what effect this will have 
on the overall system. There is the possibility of more 
livestock being kept or more erratic pressure being 
placed on grazing lands. Similarly, an increase in 
winter feed could lead to a more intense use of commun
al resources in other seasons and possibly their degra
dation. It is also not clear what effect the increased 
cropping intensity will have on the soil. 
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We must remember that on-farm trials are only one 
tool in the development of new technologies. On-farm 
trials take research from the station to the farm. They
make a tremendous contribution to the evaluation and 
screening of new technology for feasibility and attrac
tiveness at the farm level. However, they cannot 
provide the answers to all of these questions. For 
maximum relevance, trials must be associated with sur
vey research in the design and evaluation stages and 
macrolevel research (both socioeconomic and technical) 
on possible impacts of new technologies. Such technol
ogies also have obvious connections with policy issues. 

Policy questions are especially relevant to new 
rotations in the ICARDA region, where there has been 
much government interest in forage crop production in 
recent years. Government policy may determine 
whether a marginally economic technology is attractive 
or not from the farmer's point of view. For example, in 
the case of the present trials, government policy with 
respect to seed production, credit, and input distribu
tion in dry areas could make a tremendous difference. 
The importance of grazing lands could also be in
creased, with additional support for cooperative manage
ment and conservation of grazing lands in the cultivated 
zone as well as steppe lands. If on-farm trial results 
are promising, their extension will usually involve these 
kinds of factors. 

These complexities bear upon all agricultural 
research, not just on-farm trials. Nevertheless, policy
issues and impact evaluation seem to loom larger when 
one is working on-farm. We like to consider this a sign
that we are on the right track. We rely upon our col
laborating farmers to keep us there. 
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USE OF CROSSBRED DAIRY COWS AS DRAFT
 
ANIMALS: EXPERIENCES FROM THE ETHIOPIAN
 

HIGHLANDS
 

Guido Gryseels and Frank M. Anderson
 

International Livestock Centre for Africa (ILCA), 
P.O. box 5689, Addis Ababa, Ethiopia 

Abstract Ethiopia has the largest livestock 
population of sub-Saharan Africa. Because of the 
importance of cattle as a source of draft power, a high 
fraction of the bovine biomass kept by smallholders is 
accounted for by oxen and their support stock. If 
cows could be used as draft animals in place of oxen, 
without serious penalty on their performances, then the 
opportunity would exist for a substantial restructuring 
of smallholder livestock holdings. 

This paper reports on the International Livestock 
Centre for Africa's (!LCA's) experiences using cross
bred cows as draft animals. It describes the gradual 
approach that was taken in testing this technology, 
starting with its use on research farms, complementary 
on-station research, and evaluation using simulation 
models and on-farm trials. 

During 1984, nine smallholder farmers in the Debre 
Zeit area used their crossbred cows for land cultiva
tion. They did this at their own risk and expense. 
The resu!ts of the on-farm trials are encouraging and 
showed that the effects on milk production of using 
cows for draft were minimal and that there were no 
major adoption problems. 

The on-farm research on using cows as draft 
animals encountered methodological difficulties arising 
directly from the nature of livestock enterprises. 
These included the multiple outputs from the enterprise 
and the associated valuation problem; statistical esti
mation problems associated with low-frequency events, 
which require larger sample sizes than were permitted 
by the number of cows available for the on-farm trial; 
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and substantial variability across farmers in management
skills and farm resource base leading to differences in 
operation of the enterprise on each farm. 

Further research will involve expansion of the 
number of farmers testing the technology. This will be 
supported by detailed station research on aspects of the 
technology where farmers encountered production prob
lems. The trade-offs among work, milk production, and 
reproduction at critical stages in the production cycle 
on different planes of nutrition will be of particular 
concern.
 

Rgsumg L'lithiopie poss'de le plus grand cheptel
de l'Afrique subsaharienne. Etant donn6 l'importance 
des bovins comme animaux de trait, une grosse part du 
b6tail des petits propri~taires est compos6e de boeufs. 
Or, il y aurait une possibilite de restructurer cornple
tement le cheptel du petit propri6taire si, au lieu de 
boeufs, on utilisait des vaches comme animaux de trait, 
sans toutefois porter atteinte 6 la performance de 
celles-ci. 

La communication qui suit fait 6tat des travaux du 
CIEA (Centre international de l'6levage pour' l'Afrique) 
sur l'utilisation de vaches de race crois~e comme 
animaux de trait. On y dcrit les etapes suivies pour
v6rifier cette nouvelle technologie travaux a 
l'exploitation agricole de recherche puis ' la station de 
recherche, puis application d'un module d'vauation et 
enfin essais sir, le terrain. 

En 1984 ,uf petits agriculteurs de la region de 
Debre Zeit or utilis6 leurs vaches de race croisee pour
labourer leurs terres, ' leurs frais et risques. Les 
r6sultats des essais sur le terrain sont stimulants; ils 
indiquent que l'emploi de vaches comme animaux de trait 
n'ont que peu d'effets sur leur production de lait, et 
que les problemes d'adoption sont mineurs. 

Les difficult6s recontr6es lors des essais pratiques 
avec les vaches de trait sont d'ordre m6thodologique et 
d6coulent directertent de la nature de l'organisation du 
cheptel. 11 y a, par exemple : le rendement diversifie 
du cheptel et le probl'me d'6valuation qui s'ensuit; la 
difficult6 de l'analyse statistique due ' la faible quantit6
d'observations des 6venements, le nombre de vaches dis
ponibles pour les essais 6tant peu 6lev6 par rapport 'a 
ce qu'exigeait l'analyse; les differences substantielles 
entre les aptitudes des exploitants ' la gestion et entre 
la base des ressources de leur exploitation, qui se 
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traduisent par des differences darts le fonctionnement 
de chc'ue exploitation. 

Les nouvelles recherches envisagees impliqueront 
un plus grand nombre d'agriculteurs pour tester la 
technologie en question. Elles seront accompagn6es de 
travaux pouss~s en station de recherche sur les aspects 
technologiques qui ont pose des problemes de produc
tion aux exploitants. L'equilibre entre les avantages et 
les inconv6nients de cette technologie sur le plan du 
travail, de la production lritiere et de la reproduction 
aux 6tapes critiques de la chaine de production et en 
fonction de l'alimentation, fera l'objet d'une attention 
particuli~re. 

Ethiopia has the largest livestock population in 
sub-Saharan Africa with some 29 x 106 head of cattle, 
24 x 106 sheep, 18 x 106 goats, 7 x 106 equines, I x 
106 camels, and 53 x 106 poultry. The great majority 
of the cattle, sheep, equines, and poultry are found in 
the highland areas of the country. Of the total area of 
Ethiopia of 1.2 x 106 km 2 , half are highlands above 
1500 m above sea level. Some 80% of the total human 
population of about 42 x 106 live in the highlands. 

Agricultural conditions vary widely throughout the 
country, according to topography, climate, and soils. 
However, the highlands are generally temperate and 
comparatively favourable for both crop and livestock 
production. Smallholder mixed farming is the dominant 
mode of production in the Ethiopian highlands. The 
prime contribution of livestock to agricultural produc
tion in the Ethiopian highland.s is as a source of 
draft power. Surveys have shown that animal power 
used for crop-related work (excluding marketing) 
averaged more than 1000 hours/farm per year. Most of 
this power was supplied by oxen, but other livestock 
were sometimes employed for threshing. On a typical 
farm with 2 ha of cultivated land, oxen are used for 
draft purposes for 60-70 days/year. 

Because of the importance of cattle as a source of
draft power Ethiopia, a high ractio, thein 1 of bovine 

biomass kept by smallholders is accounted for by oxen. 
Smallholder farmers in the country own a total of some 
7 x 106 working oxen, by far the largest population of 
such animals in sub-Saharan Africa. Nationally, around 
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30% of the cattle herd are oxen more than 4 years old. 
Farmers attempt to produce their own replacement oxen 
and to this end farmers keep on average from four to 
five other cattle. Oxen in Ethiopia are traditionally
worked in pairs. The International Livestock Centre 
for Africa's (ILCA's) research (Gryseels et al. 1984)
has shown that the availability of draft power is a 
strong determinant of agricultural productivity on 
smallholder farms of the Ethiopian highlands. Farmers 
with more oxen can cultivate more land and can plant 
more land to cereals than to pulses. As pulses are 
ordinarily sold at lower prices than cereals, those 
farmers with less power have, therefore, much lower 
average incomes than those with at least a pair of oxen 
at their disposal. 

If cows could be used as draft animals in place of 
oxen without serious penalty on their performance, then 
the opportunity would exist for a substantial restruc
turing of farm livestock holdings. Goe (1983) reported 
on various previous studies related to the working of 
cows. These studies demonstrated that cows can be 
used as draft animals for 2-4 hours/day with minimal 
penalties on production, provided adequate feed is 
available. Milk loss on days worked appears to range
from 10-20%. Much of this evidence, however, comes 
from temperate breeds of cattle kept in temperate cli
mates, and little is known about the use of cows for 
draft in subtropical or tropical climates. Cows are 
routinely used for such purposes in Indonesia and 
Senegal. In most African countries, farmers will 
occasionally use cows to overcome a shortage of draft 
oxen. Cows have been hitched with oxen or horses, 
donkeys or mules. 

Since 1978, ILCA has been conducting research on 
the use of crossbred dairy cows to improve smallholder 
dairy production. Initial results (Gryseels and 
Anderson 1983) indicate average annual milk yields of 
around 2000 L/cow per year. The net cash incomes of 
farmers adopting this enterprise increased threefold and 
the dairy package was shown to be a potent means of 
making significant welfare gains. However, the intro
duction of these crossbred cows led to increases in 
livestock holdings. Farmers were still keeping local 
cows in addition to the crossbred cow, because they
needed them to produce the oxen for land cultivation. 
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For this reason ILCA decided to initiate research on the 
use of crossbred cows for both milk production and the 
provision of draft power for land cultivation. 

If successful, this multipurpose use of cows would 
allow farmers to make more efficient use of available 
feed resources and to sell much of the present unpro
ductive stock. With the rapid growth in rural popula
tions now occurring in the country, farm sizes are 
steadily diminishing and progressively larger propor
tions of existing prazing land are being taken into cul
tivation for crop pr'oduction. Livestock feed resources 
are diminishing and there is a need to find ways anc 
means of reducing the number of animals kept to sup
port agricultural production. 

This paper reports on ILCA's work using cross
bred cows as draft animals. The research was 
conducted within the framework of ILCA's Highlands 
Programme, which has the basic objectives of identifi
cation and testing of ways of improving the overall 
productivity of mixed smalholder farms by increasing 
the technical and economic efficiency of livestock 
enterprises. Particular emphasis is given to enhancing 
the complementarity of the livestock and crop compo
nents. Results and experiences of the research in 
Ethiopia will, in many cases, have direct relevance to 
other highland smallholder situations in sub-Saharan 
Africa. 

The program has adopted the farming-systems 
approach to research. This integrated and problem
oriented approach stresses on-farm technology testing 
and appraisal, complemented by relevant station re
search on individual components in cases where greater 
experimental control is advantageous (Gryseels et al. 
1984). The evaluation of technology on a whole farm 
basis, through farmer-managed tests, is a crucial and 
essential part of the approach. 

On-farm trials have been initiated on a range of 
topics. These include the use of crossbred cows and 
forages for smallholder dairy production, the use of 
single oxen rather than the conventional pair for land 
cultivation, the construction of ponds and dams using 
oxen-drawn metal scoops, the use of biogas digesters, 
and the use of crossbred cows as draft animals in 
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addition to their primary role as milk producers. 

A favourable outcome of the research on draft 
cows would allow farmers to reduce the numbers of 
stock required to satisfy their draft power needs, 
thereby allowing a substantial efficiency gain in farm 
production. As already noted, the main use of draft 
animals in tropical Africa, including Ethiopia, is for 
cultivation. IHowever, cultivation in most of these sys
tems must be done during a limited period each year. 
Because cows cannot be used for work at all times in 
their reproductive cycle without penalty on either milk 
production o- calving frequency, any substitution of 
oxen by draft cows will only be accepted by the farm
ing community i it does not prejudice their ability to 
cultivate in a timely way. 

The next section of this paper describes the initial 
research approach, including the "cows-for-work" 
enterprise on research farms operated by ILCA, comple
mentary on-station research, and the application of a 
linear programming model to assist economic evaluation 
of the technology. The main results of the application 
of a simulation model to assist prescreening of the 
technology for a range of production assumptions are 
also presented. The following section describes the 
materials and methods for on-farm testing. The last 
section summarizes the results of the on-farm trials with 
the technology and the outlook for further research on 
the topic. 

INITIAL RESEARCH APPROACH TO DRAFT COW 
TECHNOLOGY 

Research Farms 

The crossbred cows-for-work technology was 
tested first in 1980 at the ILCA Debre Zeit Station on 
two research farms. These research farms (often also 
named "unit" farms or "model" farms) were managed and 
operated by ILCA employees 1 on a fixed salary plus an 

'These employees were farmers, with no formal 
educational background, recruited from the local 
farming community. 
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annual bonus as part of an incentive scheme. In 
addition to providing a direct means of assessing the 
technical and biological feasibility of a range of 
alternative enterprise combinations, the research farms 
served as a clearinghouse for more innovative enter
prises that might later be introduced to the farming 
community (Gryseels and Anderson 1983). One re
search farm had 2.5 ha of arable land on light soil and 
1.5 ha of grazing land. The other one had 4 ha of 
arable land and 1.5 ha of nonarable bottomland used for 
grazing and haymaking. Each one of the farms had 
three crossbred dairy cows (Friesian x Boran), which 
were used for all land cultivation. No particular tech
nical problems were encountered in using the cows for 
draft purposes. 

Complementary On-Station Research 2 

Once ILCA had demonstrated that the technology 
was feasible on rescarch farms, it was decided to con
duct formal experiments with crossbred cows to deter
mine the technical trade-offs between milk production, 
calving interval, and work output when cows are also 
used as draft animals. Thirty-two crossbred cows 
(B3oran x Friesian) were purchased in 1981 and were 
used in an experiment to determine the effects of work 
on the reproductive and productive performance of 
cows. Sixteen cows served as a control group and 
were milked only, whereas the other 16 were milked and 
at the same time provided draft power for cultivation. 

After the end of the second lactation there were 
no significant productivity dif'erences between draft 
and nondraft animals as regards milk production (1700 
vs 1825 kg), lactation length 1288 vs 274 days), calf 
birth weight (30 vs 30.5 kg), calving interval (353 vs 
352 days), and number of services per conception (1.21 
vs 1.64). The number of hours worked by each pair of 
crossbred cows in the trial was sufficient to provide for 
the cultivation needs of the average smallholder farm of 
2.5 ha.
 

2Thic section draws heavily on Agyemang et al. 

(1985).
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It was concluded that with proper feeding 
crossbred dairy cows could be used to provide draft 
power without significant adverse effects on reproduc
tion and milk production. However, these results wpre 
obtained under research station conditions where the 
feeding and health care regimes were substantially bet
ter than those achievable under farm conditions. It 
was, therefore, necessary to test further the 
technology under on-farm conditions. 

Ex Ante Technology Evaluation Using a Linear Program
ming (LP) Model 

A single-period LP model was constructed to 
represent production on a typical Ethiopian smallhold
ing. The basic model has 41 activities and 36 con
straints. A series of solutions was generated to 
investigate the effects of the introduction of various 
technoiogies into the traditional farming system. The 
introduction of a crossbred dairy cow, as well as forage 
crops as enterprises, into the farm plan increased the 
farm gross margin in the optimal solution from ETB 476 

3to ETB 867, an increase of 84% over the gross margin 
in the basic solution where only traditional enterprises 
were included in the matrix. A pair of oxen was still 
required for cultivation in this plan. Allowing the 
farmer to keep two crossbred cows that could also be 
used for work further increased the gross margin of 
the optimal farm plan to ETB 3,212. It was assumed in 
that farm plan that the penalty of work on milk produc
tion would be a 15% yield reduction. Oxen-keeping and 
sheep enterprises were not included in solution and 
their feed resources were diverted to the crossbred cow 
enterprise. 

The model showed that using crossbred cows for 
draft purposes as well as for milk production was likely 
to be a profitable development option. However, the 
technology has still to be tested under farmer 
conditions where nutritional stress is a more critical 
factor in production than under research station manage
ment. On-farm trials with the technology were initiated 
in 1983. 

3 One Ethiopian Birr (ETB) = 0.50 US$. 
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Ex Ante Technology Evaluation Using a Simulation 
Model 

The LP approach provides useful indications of the 
implications for optimal enterprise mix, farm profit
ability, and resource valuation when the cows-for-work 
enterprise is included as a production option on a 
traditional representative farm. Sensitivity analyses
using the LP model also allow threshold productivity
levels for the new enterprise to be estimated, above 
which the enterprise can be expected to be an attrac
tive economic option for the smallholder producers 
whose situation is being modeled. 

However, the LP formulation cannot be used to 
assess the impact of different work rules limiting work 
by cows at different stages in their production cycle,
when these rules are matched with the consid -ration 
that in most African farming systems fieldwork must be 
completed within a well defined period each year. If 
cows are worked immediately before and after calving
then both reproduction and milk production can be 
impaired. The biological relationships involved are not 
well established, but the general problem was of suffi
cient concern to require that it be addressed as part of 
the overall assessment of the technology. For example,
if a pair of cows is used for cultivation and the farmer 
has only two or three cows, then there will be some 
probability that on any one day in the cultivation 
season he will have the necessary pair available to
work. If a pair of cows is not available on enough
days to complete the required work before the end of
the cultivation season the cows-for-work technology will 
not substitute for working oxen. Such an outcome 
would cause justifiable reluctance on behalf of farmers 
to adopt the technology. 

A stochastic simulation model was developed to
allow the probability of cows being able to cultivate 
specified areas, given a range of assumptions about the 
mean duration and variability in length of the cultiva
tion season when various limitations were imposed on 
the availability of cows for work at specified periods in 
their production cycle. The model is described in 
Anderson (1985a). It was applied to the smallholder 
production situation in Debre Zeit. The results of the 
application are given in Anderson (1985b). 
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The model was run using operating rules and 
production assumptions corresponding to expected 
farmer practice. It predicted that farmers on an 
average farm in the area would be able to satisfy 
between 75 and 90% of their work requirements using 
cows only from a three-cow herd. Relaxation of the 
assumptions used in the model to conform to the results 
expected from technical innovations being investigated 
in complementary research increased the probability that 
cows only will be able to complete the required work to 
over 0.95. These results suggested that smallholder 
farmers in the Debre Zeit area could be expected to 
encounter minimal difficulty over time in completing 
their cultivation work in a timely way using cows only. 

Both the LP and simulation models proved to be 
useful adjuncts to the on-farm tests of the technology 
described in the following sections. By prescreening 
the technology in these ways the researchers gained 
confidence that the cows-for-work enterprise could be 
expected to be biologically feasible and economically 
profitable when managed under smallholder conditions. 
Also, the range of production assumptions assessed 
using the models could not be replicated either on-farm 
or on the research station, so this exploratory research 
with the models did away with the need for much of the 
physical experimentation that might otherwise have been 
considered necessary. 

MATERIALS AND METHODS FOR ON-FARM TESTING 

Research Locations and Traditional Farming Systems 4 

ILCA's field research in the Ethiopian highlands 
has concentrated on the central highlands where small
holder mixed farming is the dominant mode of produc
tion. Rainfall here averages between 600 and 1200 mim/ 
year, of which about 70% falls in the main rainy season 
between July and September. Farm sizes range from 

4This section draws on Gryseels et al. (1984). 
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0.5 to 5 ha, 5 and around 80% of all farm produce is 
used for subsistence consumption. About two-thirds of 
the cultivated land is sown to cereals. Most of the 

maize, sorghum, 

remainder 
land in 
variable. 

is sown to pulses. The proportion 
different parts of the highlands 

In some areas, almost no land is 

of fallow 
is quite 
fallowed, 

but elsewhere fallow periods of up to 12 years following 
3 crop years are common. 

The major crops grown are teff, wheat, barley, 
horse beans, chickpeas, and field 

peas. Grain yields average between 500 and 1000 kg/ha 
sown. Access to modern inputs is limited. For exam
ple, fewer than 10% of farmers regularly use either 
chemical fertilizer or improved seed. Most farmers own 
livestock and a typical farm inventory includes two oxen 
and young stock, a cow, a few sheep, and a donkey. 
As most livestock manure is used as household fuel, 
only small amounts are returned to the fields as 
fertiizer. 

Cattle are kept mainly as a source of draft power
and for manure. Milk, meat, and hides are less 
important products. Liveste-k are privately owned 
and, as such, are an import. form of investment and 
financial security. Usually, only oxen are used for 
cultivation. Productivity of all livestock is low,
reflecting an underexploited genetic resource and gener
ally inadequate nutrition, particularly during the 
extended dry season of up to 7 months each year. For 
example, milk offtake from indigenous Zebu cows kept
under traditional management rarely exceeds 400 kg for 
lactations of 7 months and calving inter;als average 2 
years. Sheep are also comparatively unproductive as, 
along with cattle, they are subject to heavy endopara

51n Ethiopia, land is not individually owned but is 
allocated by the Peasants' Association (PA) of which 
each farmer is necessarily a member. The size of indi
vidual allocations, comprising several plots, depends on 
family size, local population density, and the policies of 
the local PA. Land distribution takes account of the 
different fertility levels of the soils within the land area 
of the PA. Each PA has on average 250 members and 
controls around 800 ha of land. 
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site burdens and to extended periods of nutritional 
stress.
 

In addition to research undertaken at ILCA's 
headquarters in Addis Ababa, field work is carried out 
in two study areas where ILCA research stations have 
been established: around Debre Zeit, 50 km south of 
Addis Ababa at an altitude of 1850 m, and around 
Debre Berhan, 120 km northeast of Addis Ababa at an 
altitude of 2800 m. The area around Debre Zeit is 
intensively cultivated with virtually no arable land kept 
fallow. Here teff (Eragrostis tef) is the principal 
cereal. Debre Berhan is representative of the higher 
altitude zone of the country. Frosts, hail, and a 
shorter growing season, in addition to low soil fertility, 
cause the area to be less productive than Debre Zeit. 
Most cultivated land around Debre Berhan is sown with 
barley. 

Throughout most of the Ethiopian highlands the 
land is tilled using a pair of oxen of one of the indi
genous Zebu breeds 6 that pulls the locally made tradi
tional cultivation tool, the maresha. 7 The power output 
of oxen pulling this plow is dependent on their body 
weight, nutrition and health status, the terrain and soil 
condition, depth of plowing, working speed, pass 
number, 8 and the training of the animal and the skill of 
the hand]ur. Depending on the soil type and the crop, 
the land is cultivated up to six times before planting. 

Oxen are commonly worked for 4-9 hours/day, 
depending mainly on the time available for soil pre
paration. Traditionally, animals within the Debre Zeit 

6An ox in working condition weighs about 250
300 kThe maresha is constructed by the farmer from 
wood and has a metal tip for penetration. This plow 
does not turn a furrow like the conventional mouldboard 
plow and cultivates to a depth of about 15 cm. 

8 Consecutive plowings with the maresha are done 
in different directions across the plots. Pass numbers 
refer to the number of cultivations done in the season. 

9 Shorter working days are often associated with 
longer distances to watering places and with watering 
frequency, which varies with the season. 

248 



area are worked throughout the day with few breaks. 
In contrast, farmers in the Debre Berhan areas normal
ly give their oxen a rest period at mid-day during
which animals are watered atid fed. 

General Approach 

Farining-.ystems research in ILCA's Highland
Programme is operating at three levels: ongoing studies 
with farmers in the traditional system ("control"
farmers), studies with a second group of farmers who 
have adopted all or part of an improvement package or 
a new technology designed by ILCA ("test" farmers who 
ideally have been control farmers before), and studies 
on research farms where other, more innovative and 
risky enterprise combinations are tested under ILCA 
management. Control and test farmers are thefrom 
PAs surrounding the ILCA stations. In the develop
ment of new technology, ILCA regularly consults with 
local farmers and technical officers of the Ministry of 
Agriculture to discuss the ongoing research to ensure 
its relevance to the needs of the farming population.
Whenever ILCA has a technology available that has been 
successfully tested on-station, field days are organized
to discuss this technology with the local farmer popula
tion and extension agents. 

ILCA then seeks volunteer farmers willing to test 
the technology at their own expense and risk. Normal
ly, only technical advice is provided, and occasionally
short-term credits to assist in the financing of more 
expensive technology when no other means of credit are 
available. Insurance has been included in the package
when large expenses are involved as, for example, in 
the case of the purchase of crossbred cows, which cost 

1 0  over US$300 per head. For inputs to other technolo
gies, no guarantees were offered. 

10This insurance system guaranteed replacement of 
any cow producing less than 700 kg of milk in the first 
lactation or had fk-rtility problems, if these were con
sidered not to be due to management failure. A commit
tee consisting of farmers and ILCA staff decided upon 
compensation. 
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Farmer Selection and Trial Design 

Since 1978, ILCA has been monitoring the whole 
farm performance of a group of 40 smallholder farmers 
at Debre Zeit who each purchased a crossbred cow. 
Results of this work are summarized in Gryseels and 
Anderson (1983). Traditionally, cows are not used for 
cultivation in the Ethiopian highlands. Most farners 
and extension agents were skeptical about the idea of 
using cows for draft purposes. 

In 1983, on-farm trials were initiated at Debre Zeit 
with five smallholder farmers who used their crossbred 
cows as draft animals. During 19?1, an additional four 
farmers joined the research when they adopted the same 
production strategy. 

Before they joined the cows-for-work program, 
each test farmer had one crossbred cow and most had a 
crossbred heifer or young bull. All farmers were sold 
an additional crossbred cow so that they would have a 
pair available for land cultivation. 

The farmers volunteered for participation in the 
trial after a demonstration of the technology at the 
ILCA station and subsequent individual discussions with 
ILCA staff. They were mostly young farmers, but they 
were cultivating more land than the average holding in 
the area. There was no formal trial design. The 
farmers live within a radius of 20 km around the 
station. The objective of the on-farm trials was to 
assess the suitability of the technology to farmer 
conditions. Every farmer tested the technology at his 
own risk and expense and was free to adapt it to his 
own circumstances as he considered appropriate. Thus, 
considering the small number of farmers involved, it 
was not possible to implement a formal experimental 
design. Furthermore, some farmers cultivated all their 
land with the cows, others only a part. 

Monitoring the Impact 

The test farmers were visited weekly by the ILCA 
enumerator and twice monthly by graduate research 
staff. Production data collected included: 
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(a) Personal and demographic data of the farm 
family (annually); 

(b) Measurement of land and livestock holding 
(annually); 

(c) Weights of crossbred cows (monthly); 

(d) Cropping pattern and input use (annually); 

(e) Cultivation details and field activities 
plot: hours worked and area cultivated per day, 

per 
culti

vation depth, use of human labour (weekly); 

(f) Crossbred-cow feeding record (weekly); 

(g) Milk-production record (a farmer self-record
ing system was used and checked every 2 weeks); 

(h) Breeding and health records (weekly); 

(i) Crop-calendar data on seeding, weeding, and 
harvesting dates (weekly); 

(j) Inputs to the crossbred-cow enterprise
including feed concentrate usage, veterinary care pro
ducts, and grazing requirements (weekly); and 

(k) Outputs of grain, straw, and crop residues 
(annually). 

Graduate research staff involved in the work 
included an agricultural economist and an agricultural 
engineer. Additional visits were made by other staff 
when special problems arose. 

The farmers owned the animals and received no 
compensation for cooperation in the research. During 
an initial 3-month period they could purchase feed con
centrate from !1,CA. This was sold on a cash basis,
and was intended to assist the farmers to overcome a 
temporary feed shortage while they were growing 
forages. ILCA also helped them to acquire hand 
sprayers to be used 
were paid for by the 

against 
farmers 

ticks. These sprayers 
who shared one between 

every two farmers. 
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RESULTS AND DISCUSSION OF THE ON-FARM TRIALS 

Land and Livestock Holdings 

During 1984, nine farmers used their crossbred 
cows for their land cultivation. These farmers were on 
average 40 years old and had an average family size of 
nine. The size of their holding averaged 3.5 ha with a 
range from 1.9 to 5.3 ha (CV 28%). On average, 82% 
of the land was sown in cereals (mainly teff), 12% to 
forage crop-. (oats and vetch), and 6% to pulses (horse 
beans and chickpeas). Regionally, more than 30% of 
the cultivated land is sown with pulses. Cereals 
require around 60% more draft power and labour inputs 
per hectare than pulses. However, farm gate prices 
for cereals are more than twice those for pulses. Using 
cows for traction greatly increased the availability of 
draft power; hence, the greater fraction of cereals, and 
no land was left fallow. Pastures are communally 
owned. 

The test farmers had relatively large livestock 
holdings. They owned between two and three cross
bred cows and three crossbred young stock, two local 
cows, one or two local oxen, and four other local cattle 
of mixed ages, a few sheep or goats, two donkeys, and 
four chickens. These holdings are substantially larger 
than the regional average. On average, the value of 
the livestock holdings of test farmers was ETB 4400 or 
more than three times that of a traditional holding. 

Cow Output 

Six of the farmers did almost all of their 
cultivation (more than 80% of the land) with the cross
bred cows. The remaining three received their addi
tional cows late during the cultivation season and, as a 
result, they used them to cultivate only 40% of the total 
of the land. On average, around 450 animal hours were 
necessary for land preparation and planting. Cows 
were worked 4 hours/day for the seedbed preparation, 
but 6 hours/day during the seeding period. Whenever 
a cow was sick or due to calve, a farmer paired up his 
remaining cow with an ox or a heifer. 

The crossbred cows were about 40% faster than the 

traditional oxen in cultivating the land. Farmers also 
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achieved a greater plowing depth (17 against 15 cm)cm 
and did a larger number of cultivations than other 
farmers were able to do with the traditional method of 
cultivation (five or six against four). Teff yields of 
cow-traction farmers averaged 1320 kg/ha, against only
1000 kg/ha for other farmers in the area. This is, how
ever, also attributable to the greater use of chemical 
fertilizer. Farmers with crossbred cows have signifi
cantly higher cash incomes than traditional farmers and 
a substantial fraction of this income is used to purchase 
additional farm inputs such as fertilizers. 

The cows needed some training before they could 
be used as draft animals. This took only 10-15 days.
One method was to pair them up with an ox first. 
Another one was to ave them tied and led by a second 
handler. One co\ was too wild and could not be 
trained. The number of working days averaged 40 
(plowing only). Adjusted average annual milk yield of 
working cows over a 305-day period was 1300 kg (CV 
32%). On working days, the penalty on milk yield was 
around 1 L of milk, or around 15-20% of the daily pro
duction. In the cultivation season of 1984, farmers 
stopped their cows working only a few days before 
calving and worked them again in some cases the day
after. Overall, farmers 
formance of the cows. 

were 
They 

plevery 
like the 

ased 
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of 
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simultaneously providing milk, meat, manure, and draft 
power. 

Discussion 

The on-farm trial has shown that the use of 
crossbred cows for both traction and milk production is 
feasible, and that it has minimal effects on milk pro
duction. Farm income can increase dramatically through 
an increase in area cultivated, a higher fraction of land 
being sown to cereals and the opportunity of greater
livestock sales. Farmers could also finish their culti
vation earlier and used the newly available time for 
other enterprises. Some additional labour was used for 
weeding. The sample size of the on-farm trials were, 
however, too limited to capture the effects on cow fer
tility. These are long-term effects and one would need 
large samples (more than 100 test farms) and extended 
time periods (minimum of 3 years' observation) to obtain 
statistically significant information on this effect. 
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On-farm trials gave the research clear indications 
on how farmers relax certain conditions considered by 
researchers to be ideal. Researchers assumed the 
farmer would stop working the cows 30 days before 
calving and for some 40 days after calving. In reality, 
farmers accepted much smaller time periods. It is also 
not yet known what the performance of such cows is 
under greater nutritional stress. 

The practical problems reported by farmers arising 
with the use of crossbred cows for draught were mainly 
related to their training. Although in most cases it 
only took 10-15 days, two farmers complained that it 
had taken them 2-3 months before the cow was fully 
accustomed to work. Farmers were also looking for 
practical ways to plan seasonal breeding to avoid 
calving to coincide with the cultivation season. 

The other problems were rot related to using the 
cows for draught but to the management of crossbred 
cows in general. These include issues related to breed
ing, marketing, fodder production, calf rearing, and 
animal health. In so far as the routine use of cows as 
draft animals is an extension of the crossbred-cow 
enterprise, it is relevant to highlight some of the 
production issues related to the basic innovation. 

The cows used in the research are halfbred 
Friesian x Boran. Experience has shown that cows with 
a higher level of introduced blood require more sophis
ticated management that is within reach of only a small 
fraction of the highland farmer population. The ques
tion arises of how to keep the breed fraction approxi
mately constant. Most farmers prefer to use a pure
bred Friesian bull, but this quickly leads to a situation 
where a high fraction of the cow population has more 
than 75% Friesian blood, a level at which production 
problems are common. 

Milk marketing is a severe problem during certain 
periods of the year. The majority of people in the 
Ethiopian highlands belong to the Ethiopian Orthodox 
faith that prohibits the consumption of foodstuffs 
containing animal protein, except fish, for around 150 
days per year. This indicates the need to evaluate the 
option of processing milk into a range of storable, 
transportable and higher value products. ILCA has 
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initiated a research program to improve small-scale 
dairy technologies. At existing price ratios, rearing
male calves for beef is unprofitable and there is a 
limited market for veal. 

The use of crossbred cows for draft purposes 
requires high-quality feedstuffs to compensate for 
energy expenditure during work. Farmers were feeding 
wheat bran and middlings on days worked. However, 
the supply of these feed concentrates is irregular. 
ILCA is now evaluating the use of molasses/urea blocks 
to increase the digestibility of low-quality feedstuffs 
and crop residues, which comprise a major portion of 
cattle diets. 

CRITICAL REVIEW AND OUTLOOK 

The crossbred cows-for-work technology has been 
screened and evaluated using various approaches. 
Although all have their merits, there have also been 
serious limitations. The testing on research farms is no 
substitute for on-farm testing as it is risk-neutral, and 
the cows are under minimal nutritional or health 
stress. The formal experiment on-station was designed 
to show that crossbred cows could cultivate the land of 
an average smallholder who has 2.5 ha. This hypothe
sis was easily proven. However, the cows were not 
worked hard enough. As a result, the use of the 
cows-for-work did not have any observable impact on 
milk production or fertility. To determine the technical 
trade-offs that exist, a much more rigorous and inten
sive work regime will be necessary. 

The on-farm trials gave strong indications that the 
technology is feasible also under farmers' conditions. 
However, the interpretation of results is difficult for 
reasons related to the characteristics of livestock 
research. These can be listed as follows: 

(a) Problems in evaluating a technology for 
multipurpose animals given their multiple outputs 
(draft, milk, manure, calves, meat, etc.). Moreover, 
some of these products have a monetary value, others 
do not. It is difficult to attribute causal linkages for 
differential rates of adoption of the technology by 
farmers in such situations. 
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(b) The absence of a control group, the practical 
impossibility of having within-farm replicates, and the 
fact that farmers have only a few large ruminants make 
it difficult to produce statistically acceptable state
ments. In addition, effects on reproductive perfor
mance are long term and can only be assessed using 
large sample sizes. This low-frequency event problem 
has also substantial implications for the statistical 
interpretation of the results. 

(c) Management factors are critically important. 
If farmers do not water and feed their stock regularly, 
the outcome of the experiment will be prejudiced. 

(d) Testing can only be in operational-scale 
enterprises. 

(e) Sociological considerations arising from the 
close relationship farmers have with their cows. 

(f) The high 
participating in the 
investment involved. 
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During 1985, the research program will be 
expanded at three levels. First, the on-farm trials will 
continue, but the sample size will be increased to about 
50 farmers. These additional farmers have offered dur
ing the last few months to participate in the research 
and to use their crossbred cows for draft. 

Second, increasingly, emphasis will be given to the 
use of cows worked as singles ratber than in a pair. 
The importance of this option was also highlighted in 
the results of the simulation model described in this 
paper. A development toward the use of single cows 
would further reduce the number of animals required at 
the farm. Third, a new formal on-station experiment is 
being planned to investigate further the technical 
trade-off between work, milk production, and fertility. 
The experiment will be conducted with more than 40 
cows on three levels of nutrition and performing three 
different levels of work. 

To date, ILCA has only evaluated the use of cows 
for land cultivation. Their use as draft animals for 
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transport has not yet been evaluated. In the future, 
ILCA will also be concerned with this aspect. 

The use of crossbred cows for draft power is an 
exciting development option. Although there is a need 
to undertake larger scale on-farm and on-station 
research to provide additional technical information, the 
results to date have been extremely encouraging. If 
adoption of the technology occurs on a large scale, it 
will have far reaching implications not only for the 
peasant farmers of Ethiopia but also fo" the many mil
lions of smallholders in sub-Saharan Africa. 

REFERENCES 

Agyemang, K., Astatke, Abiye, Anderson, F.M., and 
Woldemariam, Woldeab. 1985. Early indications of 
effects of work on reproductive and productive 
performance of crossbred dairy cows in the 
Ethiopian highlands. Working document, Highlands 
Programme, ILCA, Addis Ababa. Addis Ababa, 
Ethiopia, ILCA. 

Anderson, F.M. 1985a. A model to evaluate the effec
tiveness of milking cows used as draught animals 
in different production settings. Working docu
ment, Highl.nds Programme, ILCA, Addis Ababa. 
Addis Ababa, Ethiopia, ILCA. 

1985b. Application of a simulation model to 
pre-screen the applicability of using milking cows 
as draught animals in the Debre Zeit area of 
Ethiopia. Working document, Highlands Pro
gramme, ILCA, Addis Ababa. Addis Ababa, 
Ethiopia, ILCA. 

Goe, M.R. 1983. Current status of research on animal 
traction. FAO, Rome, Italy, FAO. World Animal 
Review No. 45, 2-17. 

Gryseels, G. and Ander3on, F.M. 1983. Research on 
farm and livestock productivity in the central 
Ethiopian highlands: initial results, 1977-1980. 
ILCA Research Report No. 4. Addis Ababa, 
Ethiopia, ILCA. 

257
 



Gryseels, G., Astatke, Abiye, Anderson, F.M., and 
Assamenew, Getachew. 1984. The use of single 
oxen for crop cultivation in Ethiopia. ILCA Bul
letin No. 18. Addis Ababa, Ethiopia, ILCA. 

258
 



BEEF PRODUCTION FROM SUDANESE CATTLE FED
 
DIETS BASED ON AGROINDUSTRIAL BY-PRODUCTS:
 

TRIALS IN PRIVATE FEEDLOTS
 

A.Y.M. Nour and F.A. Hamza 

Department of Animal Science, Faculty of Agricultural
 
Sciences, University of Gezira, P.O. Box 20,
 

Wad Medani, Sudan
 

Abstract Traditionally, cattle feedlot operators 
(CFO) in the central region of Sudan finish their cattle 
for slaughter on diets made from sorghum grains and 
cakes. They prefer their diets to those prepared by 
the Kabaroo tenants union feed mill, which contains 50% 
wheat bran. Although inexpensive, it was rejected by 
CFO and this caused serious marketing problems for 
Kabaroo. For the producers, grain and cake prices 
skyrocketed. Their margin of profit narrowed and some 
operated at a loss. The objective of this work was to 
produce an inexpensive alternative of nutritionally 
balanced diets processed by Kabaroo that would capture 
the interest of CFO and fetch a better market than the 
old Kabaroo diet. 

An informal survey was carried out and 10 cut of 
80 CFO were interviewed. The Kabaroo mill was visited 
and trials on their diet were made with no success. 
New diets were suggested, including a warming-up diet 
high in protein and a finishing diet high in energy and 
processed by Kabaroo. Arrangements were made and 
Kabaroo sold two of the CFO feeds at cost price. One 
of the CFO continued the experiments and trials were 
made on his feedlot. Cattle were randomly divided into 
two groups, one group was fed the CFO diet and the 
other received the new diets. Intake was monitored 
and days on feed were recorded and the degree of 
finishing was assessed subjectively. It took the group 
on the new diets 25 days longer, but the cost of feed
ing was less than the CFO diet. 
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The CFO ordered another 100 t from the warming
up diet. It was planned to replicate the experiment,
however, because of the drought, a new feeding
strategy was proposed. Three more CFO joined in and
cattle were fed crop residues until the market 
conditions improved. Feeding grains to cattle is now
prohibited because grains are needed by the human 
population. New diets based on alternative sources of 
energy were proposed. On-feedlot trials were planned
and arrangements were made with Kabaroo. Diets will 
be critically evaluated using objective measurements of 
animal performance. 

Resume Selon la tradition, les exploitants de 
parcs d'engraissement (EPE), dans le centre du Soudan, 
assurent la finition des animaux de boucherie avec des
rations composges de grains et de tourteaux de 
sorgho. Or ils pr6f~rent utiliser leurs propres rations
plutot que celles pr6parges par la minoterie de
l'association des fermiers de Kabaroo, qui contient 50 %
de son de bg. Bien que peu cotteuses, les rations de 
Kabaroo ont 6tg refusges par les EPE, un refus qui a 
causg de serieux probl'mes de marketing a l'associa
tion. Le prix des grains et des tourteaux payg par les
producteurs a montg en flecha. Leur marge de profit a
diminug et certains ont travaillg ' perte. L'objectif de 
la pr~sente recherche a 6te de produire des rations 
substitutives, peu cocteuses, et nutritionnellement 
6quilibrees, qui seraient preparees par Kabaroo et
seraient suseeptibles d'int6resser les EPE et d'avoir un
 
meilleur march6 que l'ancienne ration Kabaroo.
 

On a donc effectu6 un sondage informel 
 et
interview6 10 des 80 EPE. On a visitg la minoterie
Kabaroo et fait sa maisl'essai de ration, sans succ's.
 
On a donc propose de nouvelles rations, y compris

ration de r6chauffement 

une
 
' teneur 6levee en proteine et 

une ration de finition hautement 6 nergetique, qui ont

et6 pr~par6es par Kabaroo. Suite a 
 des arrangements 
avec l'association, celle-ci a vendu deux rations des
EPE ' prix coatant. L'un des EPE a accepte de pour
suivre l'exp~rience et des essais ont eu lieu dans son 
parc. Apres avoir divis6 algatoirement le betail en
deux groupes, on a utilis6 la ration des EPE pour lPun 
et les nouvelles rations pour l'autre. On a observe la
consommation, enregistrg le nombre de jours pendant
lesquels les rations ont t6 administres et 6value le
degr6 de finition pour chaque sujet. Le groupe ayant 
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requ les nouvelles rations a mis 25 jours de plus pour 
atteindre le point de finition, mais le coct de la finition 
a t inf6rieur ' ce qu'il aurait 6t' si la ration des EPE 
avait 6t6 employ6e. 

Les EPE ont command6 un autre 100 t de la ration 
de r6chauffement. On avait pr~vu de refaire l'exp6
rience. Cependant, a cause de la s~cheresse, on a 
proposg une nouvelle strat~gie alimentaire. Trois 
autres EPE ont rejoint l'quipe des essais, et le b~tail a 

t6 nourri avec des r~sidus de reoltes jusqu'a ce que 
le march6 s'ameliore. La distribution de c~r~ales au 
betail est maintenant dfendue, celles-ci etant requisi
tionn~es pour l'alimentation humaine. De nouvelles 
rations compos~es de substituts 6nerg6tiques ont et6 
sugggrges, des essais dans les parcs prevus, et des 
arrangements avec Kabaroo conclus. Les rations 
doivent etre scientifiquement 6valuees ' l'aide de 
mesures objectives de la performance des animaux. 

Of the total domestic farm animals in Sudan 
(cattle, sheep, goats, and camels), cattle make up more 
than 35% (18 x 106) of the total. Cattle are raised by
pastoralists who migrate with their herds in search of 
feed and water. More than 48% of the total cattle popu
lation is found in the Darfur and Kordofan regions of 
western Sudan. Cattle in these regions are predomi
nantly of the western Baggara types. They make up 
80% of the northern cattle population and provide the 
country with most of its beef requirements. Further
more, they are the principal type of cattle exported. 
These cattle are shorthorn Zebu with body colours that 
range from white to dark red and dark brown. These 
cattle are mostly driven on the hoof when grasses are 
available on their routes. Recently, special livestock 
trains were also used for transportation of cattle to the 
major marketplaces in Omdurman and Wad Medani around 
which traditional and semimodern private feedlots are 
situated. 

Cattle rearing, especially for those that are 
considered to be the major beef types (western 
Bagara), is mostly dependent on natural grazing. In 
local feedlots, crop residues and concentrate feeds are 
fed to cattle to finish them for slaughter or export.
Other types of cattle such as the Kenana and Butana 
are kept mostly for their milk and are fed mainly 
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on irrigated forages supplemented with concentrates. 
Others, such as Umbaroro, Nilotic, and Dwarf cattle 
contribute to the local-market beef supply with very
few used for export. Cattle !,n the range experience
seasonal shortages of feeds that adversely affect live
weight gains, especially during summer. Such cattle 
require more intensive feeding in the feedlot. Cattle 
transported to the marketplaces are mainly finished for 
slaughter on grains, wheat bran, and oil cakes for 
60-90 days. Animals destined for export will enter a 
fattening poriod the length of which depends on their 
condition and the requirements of the external market. 
Those sold for the local market are either slaughtered
after grass feeding if they are in a good condition or 
fattened for a variable period that may extend to 120 
days depending on their condition and expected selling 
price. 

According to the Livestock Meat and Marketing
Council (LMMC) (LMMC, per 3nal communication), the 
producer price represents only 48% of the consumer 
price per head, whereas various duties and taxes 
represent 11% of the consumer price and the remaining 
41% is accounted for by profit margins and the 
commission of various middlemen (AOAD 1982).
However, feed costs account for 50% of the total 
inputs. The profit margin can be very narrow if prices
of feeds increase. This has been especially true during
the past 2 years when the shortage of grain forced the 
producers to rely heavily on oil cakes and brans. In 
addition, the competition for the exportation of oil cakes 
made their prices as cattle feeds skyrocket. The 
shortages of grains last year limited their use for cattle 
feeding except for those destined for export. 

During 1985, grain production was low to the 
extent that it was unavailable even for the poultry
industry. The prices increased five times over the 
previous year (1984). Also, sorghum grain (dura)
feeding is not feasible in a country where dura 
constitutes the stable diet of the human population.
The situation was aggravated by the drought and 
resulted in a decline in grain production by 1.5 t from 
the 1984 total grain production. Because 
needed to raise and fatten cattle, 

isenergy 
alternative sources 

must be sought if cattle producers are to remain in 
business. 
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Cattle prices in the central markets (Omdurman and
Wad Medani), before and after finishing, are affected 
mainly by the seasonal fluctuations in the supply of 
cattle. Cattle prices also increase due to the present
high inflation experienced by the Sudanese economy 
(AOAD 1982). 

The major beef-production systems are those of the 
Nomads complemented by fattening operations around 
Omdurman and Wad Medani. The current practice is to
leave cattle on bare land on the outskirts of these 
towns and feed them on grains and agroindustrial by
products. 

The condition of cattle coming from the range
varies considerably depending on rainfall, the nutritive 
value of pasture grasses and legumes, the length of the 
journey to the marketplaces, and internl parasites and 
diseases. Cattle heading toward marketplaces are usual
ly vaccinated against infectious diseases such as 
anthrax, rinderpest, haemorrhagie septicaemia (HS),
and black quarter (BQ). However, ii, the feedlots they 
are not drenched with antihelminthic or sprayed against
ticks. When fed during the rehabilitation period, ani
mals experience compensatory gains before entering the 
fattening stages. A well-balanced diet is necessary to 
make decent gains, and profit depends on the efficiency 
of the whole operation and particularly on the initial 
cost of the cattle, availability and cost of feed, quality
of feed gains, losses during transportation and feeding,
related duties and other costs, and selling price. 

Marketing channels are still dominated by wealthy
merchants through a network of financial and personal 
contacts. Currently, LMMC provides market information 
and transport and is currently trying to adopt an auc
tion system for marketing. Because of the general inac
cessibility, however, creditto and capital, trading
remains in the hands of the large merchants. Neverthe
less, small producers have started to participate in the 
marketing process. The total capital of these producers
is limited and they must rely on personal contacts to 
provide credit. They cannot afford to lose money, but
this is inevitable when the price of feed rises sharply
and there are no alternative feeding strategies to fall 
back on. A thorough knowledge of nutrition is, there
fore, most helpful. 
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PROBLEM IDENTIFICATION 

Recently, a general feed-processing industry was 
established. The first feed mill was established in 
1970, and the number of feed mills increased gradually 
until the mid-70s when the number reached 27. The 
main purpose of the feed mills is to formulate least-cost 
rations for different production functions including 
poultry production and dairy and beef cattle fattening. 

Poultry feeds, because of the several ingredients 
needed to meet their exacting requirements, gained 
popularity. However, the demand for processed feeds 
for finishing cattle is very low. This is because 
animals are either slaughtered off the range or are 
traditionally finished on ingredients such as dura, 
cakes, and brans. Traditional livestock producers 
believe that their cattle can perform better on their own 
blends than when fed feeds from the feed mills. In 
r.ost cases, the feed they blend for their cattle is 
poorly balanced, some are low in protein and high in 
energy or high in protein and low in energy and are 
fed irrespective of the animal's needs. Some are even 
fed straight cottonseed cakes. Sorghum straw is 
usually fed as a filler. 

The feed processed by the mills is generally 
formulated without the benefit or advice of an animal 
nutritionist. But even though some mill operators claim 
to follow scientific standards, the drawback is that they 
are formulated using exotic standards because the 
requirements of Sudanese cattle are not known. 

Furthermore, because there is no quality control 
for feeds in the country, emphasis is on profit, which 
most of the time is at the expense of quality. At the 
feed mills, they are generally not inclined to conduct 
field trials on their diets. This is especially true for 
the Kabaroo feed mill near Hesahiesa in tho central 
region. The mill was established as a sister plant to 
the Gezira and Managi1 tenants union's flour mill to 
make use of flour milling by-products, mainly wheat 
grain rejects and bran. 

The Kabaroo feed mill produces a broad spectrum 
diet (Table 1) claimed to be useful for different 
production functions such as growth, fattening, and 
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Table 1. Ingredient composition of different diets (%). 

Diet/ingredient K SWU AWU Finishing P 

Sorghum grains 	 - - - - 20 
Wheat grain rejects 25 25 25 32 -
Cottonseed cake 

(undecorticated) 15 33 33 28 60 
Wheat bran 50 22 32 28 20 
Molasses 	 9 7 7 9 

-a 10 -a -a -a
Sorghum straw 
CaCO 3 	 - 2 2 2 
Salt (NaCI) 	 1 1 1 

Note: K = Kabaroo diet, SWU = suggested 
warming-up diet, AWU = actual warming-up diet, and P 
= producers' diet. 

aWith other diets sorghum straw is used as a fil
ler. 

dairy production. This feed is sold at a low price to 
livestock producers around Wad Medani and it often 
caused digestive disturbances and so:ne fatalities were 
reported. It was, therefore, rejected by livestock pro
ducers and owners in the area, which created a serious 
marketing problem for Kabaroo feeds. 

IDENTIFICATION OF THE BENEFICIARY AND 

PRODUCTION-ASSOCIATED PROBLEMS 

Private Feedlot Operators 

Survey 
An informal survey was carried out where 10 of 

the 80 private feedlot operators around Wad Medani 
were interviewed. These 10 were selected at random 
after an initial visit to all feedlots. The operators 
expressed their willingness to cooperate because they 
were interested in cheaper diets. Several questions 
were asked in the interview including: 
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(a) What is the average number of cattle fed in 
each feedlot in each feeding cycle? What is the origin
of the cattle, mode of transportation, and condition of 
cattle upon arrival? 

(b) What is the purchase price and how long do 
cattle stay in the feedlot before beirig ready for mar
ket? 

(c) Do you sell your cattle to the local market or 
to merchants who export them? Do you export cattle 
yourself? 

(d) What are the feeds that you usually give your
cattle? Do you always use them? What makes you
decide on the type of feed? Do you receive any subsi
dies or free services? Do you use any supplements 
(minerals, etc.)? 

(e) What are the methods used for assessing the 
degree of finishing or how do you judge that the animal 
is ready for the market? Do you sell on a weight 
basis? Do you feel that you are making a decent mar
gin of profit? If no, what are the problems? 

(f) Do you use any measures for disease control 
and prevention (infectious diseases, internal and exter
nal parasites, skin diseases, etc.)? 

(g) Do you feel that you need to try a new diet if 
we are able to suggest diets and if the incentive is 
there and are you willing to use your own resources to 
try? 

Survey Results 
(a) Most of the feedlot owners' cattle originate 

from western Sudan. About 80% are from Darfur and 
20% are from Kordofan. One of the producers uses only
Kordofan (Rahad) cattle. The size of the herd ranges 
from between 60 and 90, however, most of them have 80 
cattle in their lots. 

(b) None of the producers was willing to tell the 
purchase price, however, nearly all talked about costs 
and duties. Cattle stay in the feedlot between 60 and 
90 days and some up to 109 days. However, some are 
slaughtered directly off the range, especially when the 
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pasture is plentiful. Even those slaughtered off the 
range require a resting period of 10-15 days during 
which they are fed on cottonseed cake and dura. 

(c) Most of the producers sell to the local market 
in Wad Medani and Omdurman. Some have connections 
with merchants who export cattle to the Arab coun
tries. Invariably, wherever the local market demand 
decreases, they sell to the Omdurman market, however, 
no one exports his own cattle directly. 

(d) Cattle feed includes a blend of dura and cot
tonseed cakes. Nearly all feed contains cottonseed as 
the protein supplement. The proportions vary, with 
some feeds at a mixture of 50% each and others at 60% 
cake. Another group prefers a blend of grains, cotton
seed cakes, and wheat bran. However, few use 
straight cottonseed cakes. In all feedlots, sorghum 
straw was used as a filler, but groundnut hull is also 
used. No attention was given to mineral nutrition. In 
only a very few cases is common salt occasionally 
used. No subsidies or free services of any kind are 
given. The only free thing is the water of the Nile to 
which they transport their cattle a distance of 5-7 km 
twice a day. 

The assessment of finishing was done subjectively 
through the observance of the physical condition of the 
animal. When the flank becomes full, the hind legs are 
wide apart, the round and brisket are full and smooth, 
and the coat is glistening the animal is considered to be 
"ready." The producers sometimes, however, keep 
their cattle for an extended period until the market 
prices are favourable. If this additional period is 
overly extended, they operate at a loss. When the 
question of profit was discussed most say "Alhumdul
lilah" (thanks Allah). However, frequently they oper
ate at a loss because grain prices often rise unexpect
edly. In addition, the export of cakes adversely 
affects their profit margin through reduced accessibility 
to the cakes for finishing cattle. In these circum
stances, they tried molasses and urea, blending it with 
dura, bran, or hulls and cakes. However, they do not 
like to use this because handling molasses is difficult 
and in a few cases excessive fermentation has led to 
herd loss. They also mentioned that they do not know 
how much urea to use in the feed. Some tried Kabaroo 
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feed and rejected it, even though it is inexpensive,
because it caused digestive disturbances and some 
claimed that it caused the death of some of their cattle. 

Cattle are sold as a group or individually through
mutual agreement by subjective evaluation and not on a 
liveweight basis. Producers did admit, however, that 
weighing could be helpful sometimes. 

Cattle are vaccinated against infectious diseases, 
although some operators do not wish to vaccinate at this 
stage. Some vaccinate for one or two diseases, espe
cially when other vaccines were not available. None of 
the producers treated his cattle against ticks, but some 
treated skin diseases because the finished animal did 
not look good. 

Kabaroo Feed 

The available daily by-products of flour milling
that are utilized by the Kabaroo feed mill are (a) 0.27 ± 
0.04 t of wheat-grain reject, (b) 15.7 ± 0.55 t of wheat 
bran, with other by-products being sold to animal 
owners directly without processing. The amount of by
products depends on the quality of wheat. Wheat is 
bought from the local market and milled throughout the 
year except during June-August when imported wheat is 
used for milling. 

In addition to wheat by-products, the Kabaroo 
feed includes other ingredients (Table 1). The capac
ity of the mill is 5 t/hour and it produces 5840 t/year.
They have in store 2400 t that never find a market. 
At present, Kabaroo goes into production whenever 
there is an order for a known quantity of feed. The 
feed mill produces a broad-spectrum diet that is claimed 
to be suitable for various produclion functions such as 
milk production and growing/finishing cattle and 
sheep. Chemically speaking, the diet may be suitable 
for growing/finishing cattle according to the National 
Research Council (NRC) (NRC 1976) guidelines (Table 
2), however, the diet has been rejected by feedlot 
operators and has only found limited success with the 
dairy producer, in spite of the available credit system.
The diet causes digestive disturbances and metabolic 
disorders because of the high amount of fermentable 
carbohydrates and bran. The Kabaroo diet is prepared 
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Table 2. Nutrient content of different diets 
(percentage of dry matter).a 

Diet CP TDN Ca P 

Kabaroo 16 70 0.8 0.6 

Suggested warming-up diet 16 60 0.9 0.8 

Actual warming-up diet 17 67 0.9 0.8 

Finishing diet 15 71 0.9 0.4 

Producer's diet 21 54 0.3 0.4 

National Research 
Council (NRC) 10.4 77 0.3 0.25 

Note: CP = crude protein, TDN = total digestible 
nutrients, Ca = calcium, P = phosphorus.

aAssuming that 1% NaCI in the diet, with the excep
tion of the producer's diet, satisfied the requirements
 
for these minerals.
 

in a pelleted form of 2 cm in diameter, which is large 
for cattle. Kabaroo feed, therefore, faces a serious 
marketing problem and the owners are concerned. 

There are clearly two sets of problems: (a) finding 
a suitable economical diet for livestock producers that 
can capture their interest as a viable alternative to the 
expensive diets based on grains and cakes, and (b) the 
marketing problem for Kabaroo feeds. 

OBJECTIVES OF THE RESEARCH AND APPROACH 

Objectives 

The major objective of this work is to suggest and 
test a new, nutritional, but inexpensive, diet for the 
feedlot operators that will offer an alternative to the 
diets based on grains, which are difficult to obtain and 
expensive for cattle feeding. The second objective was 
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to evaluate the Kabaroo feed and try to improve it to 
increase its sale and to formulate new diets that can 
capitalize on the milling by-products and fetch a better 
market price than the old diet. 

Approach 

After the informal survey, four out of the 10 
feedlot operators expressed interest in the trials and 
they were, therefore, approached. After briefing them 
about the objectives of the work and discussing possible 
incentives, such as getting a diet at cost price, two 
decided to try it. The Kabaroo mill was also 
approached and an initial agreement was reached: 

(a) The team (which is composed of an animal 
nutritionist and a feed-processing senior student) 
should suggest an improvement for the existing diet 
(2400 t). 

(b) The team should suggest new alternative diets 
that the Kabaroo mill could process and sell to the pro
ducers at the lowest price possible. 

(c) The producer, if he finds the diet satis
factory, will order 100 t at a 10% discount. 

(d) The team, through personal contact, will make 
arrangements so the producer can buy cakes, sorghum 
grains, and brans for the trials at a reasonable price. 

(e) Half of the cattle will be fed a diet blended by 
the producer and the other half will be fed the newly 
suggested diets for a period of 90 days. 

Protocol 

Formulation of the New Diet 
Realizing the fact that range cattle when admitted 

to the feedlot experience a period of compensatory gain 
before fattening, a warming-up diet was suggested that 
would be high in proteins, >16% crude protein (CP) and 
low in energy, <60% total digestible nutrients (TDN), 
while the finishing diet would provide <15% CP and >70% 
TDN. Initially, the warming-up diet was suggested to 
have 10% sorghum straw in it, however, the straw 
crusher broke and instead the diet has an additional 
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10% of bran (actual warming up). The suggested 
warming-up and actual warming-up and finishing diet 
are presented in Table 1 and diet composition is pre
sented in Table 2. 

For the feedlot operators' diets, the producer 
blended his own diet and fed it to half of the group. 
Table 1 gives the composition of the operators' diet. 

Randomization of Diets to Experimental Animals 
The herd was divided into two similar groups (30

animals each) by the team and the feedlot operator. 
Care was exercised to ensure that there were two 
groups who were at a similar starting condition. 
Evaluation was clone subjectively by the operator only. 
The operators' diet and the experimental diets were 
assigned at random to the two groups. The two groups 
were separated and no mixing was allowed. Each group 
was allowed access to water and a liberal amount of 
sorghum stalks. The cattle were housed on a bare 
piece of land, near a water canal, with no provision for 
shade. 

Measurements of Intake and Dgree of Finish 
A total of 22 t from the new diets were purchased 

by each producer from the Kabaroo feed mill. The 
operators' diet was bl-nded and weighed. Cattle were 
group fed at the rate of 6 kg/head per day. A liberal 
amount of sorghum straw (not weighed) was given as 
well as free access to water. The degree of finishing 
was assessed subjectively using the feedlot operators' 
experience and perception. Subjective evaluation 
(visual appraisal) was the criterion used by the feedlot 
operators in the area to assess the degree of finish. 

FIND!NGS 

One of the producers, after purchasing 22 t of the 
new diet, decided to quit. This report concentrates on 
one producer who continued in the experiment. Ini
tially, the new diet was not accepted by cattle but, 
gradually, after 10 days, they got used to it. During
the first week, minor bloat was experienced by 10% of 
the cattle on the new diets, but they recovered quick
ly. After the warming-up diet was fed during the first 
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45 days, cattle were switched to the finishing diet. 
Feeding on this diet continued for another 45 days at 
the end of which cattle were "ready." Cattle on the 
operators' diet were ready after 65 days from the start 
of the experiment. However, the cost of feeding the 
new diets is substantially less than the operators' diet 
(Table 3). The operator bought an additional 100 t 
from the warming-up diet. No statistical analysis was 
possible. 

Improvement of Kabaroo Feed 

An improvement trial took place at the University 
of Gezira to dilute the high amounts of wheat bran and 

Table 3. Comparison of per head cost of feeding
between the new diet and the operators' diet (in

Sudanese pounds (SDP)).a 

New diet Operators' diet 

Cost/kg 

Warming-up diet 0.20 0.40 
Finishing diet 0.22 

Intake/animal per day (kg) 6 6 

Days on feed 

Warming-up diet 45 65
 
Finishing diet 45
 

Total cost of feed 
over the feeding period 113.4 175.5 

Note: This table shows the cost of feeding only;
however, those on the new diets were fed sorghum 
straw for another 25 days during finishing at a cost of 
SDP 7.5. 

aSDP 3 = US$1. 
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wheat grain rejects in the diet. The diet resulting 
from this process will be referred to as the supple
mented diet. In the first phase of the dilution process, 
9% groundnut cake and 1% bone meal were added to 90% 
of the original diet. In the second phase, 15% ground
nut straw, 3.5% groundnut cake, 1% bone meal, and 
0.5% salt were added to 80% of the diet that resulted 
from the first phase. The formula of the supplemented 
diet consisted of 10.8% cottonseed cake, 10.7% ground
nut cake, 36% wheat bran, 18% wheat grain rejects, 15% 
groundnut straws, 6.5% molasses, 2% bone meal, and 1% 
salt. 

The dilution process results in reduction of the 
percentage of the fermentable carbohydrates to 50.5% of 
the diet. The Qoz Kabaroo diet was in form of pellets 
(2-cm diameter). These pellets, as mentioned earlier, 
were large for cattle and resulted in reduced intake. 
In addition, when the diet is supplemented, as de
scribed above, and fed to growing/finishing crossbred 
calves, selective intake took place with the result that 
the supplemented materials were eaten and the pellets 
were rejected. To solve this problem, the study sug
gests that, either the whole stored stock (2400 t) be 
supplemented, reground, or repelleted into smaller
diameter pellets (1-cm diameter). The other alternative 
is to sell the stored stock at a lower price if a iarket 
can be found. 

Future Research and Demonstrations in Private 
Feedlots 

After the completion of work in the first year, the 
findings were discussed at a meeting that included the 
Kabaroo feedmill manager, the feedlot operator, and the 
research team. It was agreed that the trials should be 
assessed more critically through feedlot performance 
data (intake, rate of gain, feed conversion efficiency, 
and carcass characteristics). However, because of the 
drought that so seriously affected the natural cattle
producing areas, cattle owners started to sell their 
cattle. This significant supply of cattle affected beef 
prices and, hence, the feedlots did not operate on 
time. A new feeding strategy was then developed. A 
system for "storing" cattle on agricultural by-products 
was suggested. The feedlot operators' cattle were 
driven for the first time to the Rahad Agricultural 
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Irrigated Scheme. Arrangements were made to buy the 
groundnut residues and sorghum straw. The cotton 
fields were grazed at no charge after the cotton had 
been picked. Three more producers joined in. Grain 
feeding is now prohibited by law because sorghum
grains are badly needed for the human population. The 
trials will continue after the appropriate storage period 
and arrangements are made with the Kabaroo feed mill. 
Diets will be evaluated more critically using objective 
measurements of animal performance. 
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Methodological Summaries 
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DEFINITION OF RESEARCH PROBLEMS 

H.C. Knipscheer 

Livestock on-farm trials (LOFTs) are neither ends 
in themselves nor are they the only means to study 
farmers' problems or possible improvements in a farming 
system. Furthermore, LOFTs are clearly inappropriate 
for addressing many classes of problems. Thus, our 
emphasis on on-farm trials will necessarily limit the 
scope of problems we can address here. 

Not only scientists conduct on-farm trials, but also 
extension agents, development officers, and, above all, 
the farmers themselves. The persons and agencies in
volved in livestock on-farm -trials tend to influence the 
kind of problems perceived and the type of trials con
ducted. The papers prepared for this workshop can be 
roughly divided into four groups on the basis of prob
lem perception: by farmers, by government, by re
searchers, and "by no one." This categorization is by 
no means exclusive or even complete. 

First, there are on-farm trials that address the 
farmers' felt needs. Ideally, the scientist tries to be as 
responsive as possible to the farmers' needs, identifying 
strongly with them or their families. An example of this 
approach is ILCA's work in southwest Nigeria. However, 
by being as responsive as possible, the scientists might 
find themselves outside their research mandate. The 
research on improving feed availability during the dry 
season might be a less controversial example of a re
search problem that fits the farmers' needs (as per
ceived by them). 

One of the major disadvantages of relying on 
farmers' perceptions is their lack of knowledge about 
research possibilities (and limitations) and their possible 
inability to foresee upcoming problems (such soilas 
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degradation) or future options (e.g., access to new 
markets). 

Second, several papers addressed problems that 
are perceived by the government (often in collaboration 
with development agencies) and form the basis of 
government projects. The dairy production study in 
Sudan might fall into this category as well as the study 
of straw treatment with ammonia and urea in Egypt 

The use of on-farm trials in government projects 
raises a number of issues. Are these really on-farm 
trials or just a measurement of farmers' responses to a 
given (and maybe fixed) technology as part of an over
all project evaluation? In the discussion about the pros 
and cons of a linkage between livestock on-farm trials 
and government development projects, several advan
tages were noted. On-farm trials as components in a 
development project may have good chances of success 
because (a) there is long-lasting commitment to the 
target area or population, (b) there is often technical 
and logistical support available, and (c) an extension 
follow-up becomes more likely. The last point may help 
satisfy the rising expectations of cooperating farmers. 
On the other hand, government development projects 
sometimes promote preconceived technologies that may 
not be tuned to local conditions and never properly 
tested, Project authorities, if reluctant to redesign 
recommendations, might frustrate research efforts. Dif
ferences between project and farmers' objectives might 
bias their responses or affect the farmers' willingness to 
collaborate. In the case of heavy government input and 
price subsidies, the on-farm evaluation might yield only 
temporary results that only last for as long as the 
government is able to maintain its support. Routine use 
of on-farm trials for monitoring and evaluation within 
development projects might offer the best chance to 
minimize inefficient use of national resources. 

A third category of problems addressed are those 
that do not originate with farmers and are neither asso
ciated with government policy nor development projects 
but are perceived by the scientists themselves. The 
dual-purpose goat research program in Kenya is geared 
to overcome an animal protein deficiency in the local 
diet. The problem of low priority of use of agroindus
trial by-products in the Sudan may also be included in 
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this category. Scientists have the advantage of being
familiar with the available research capacity, but have a
tendency to let the existing research facilities determine 
the research topic (e.g., unending feed trials) as well 
as the research method. 

The last group of problems could be the most 
interesting one: those that do not yet exist. Here the 
purpose of the on-farm trial is to do some (research)
activity in association with the farmers to understand 
better their farming systems and to identify their prob
lems. In this respect, problem identification is a pro
cess. Initially, scientists operate from a general problem
statement, and define redefinesubsequently and the 
problem(s) in more specific terms. An example is the
placing of a sentinel herd with transhumants in Sudan. 
Indeed, often the most valuable product of on-farm 
trials might be a better understanding of the manage
ment constraints. The feedlot trials in Khartoum identi
fied animal health problems previously undetected. The 
severe lack of knowledge by scientists regarding farm
ers' practices within their research mandate is probably 
one of the prime justifications for on-farm research. 

It should be noted that on-farm trials are not 
necessarily the best tool to meet any of the above re
search problems. In some cases, an ex ante or a priori
evaluation (for example, by partial budgeting or by
discussions with farmers) might lead to a redesign of 
the trial, more station work, or even deletion of the 
technology from the research agenda. Careful screening
of technologies before conducting on-farm experiments
results in better use of scarce research resources. 

TYPES OF TRIALS 

Generally, three types of on-farm trials have been 
distinguished: (a) researcher-managed trials, (b)
farmer-managed trials, and (c) promotional trials 
(demonstrations). Researcher-managed trials are 
generally limited to the measurement of only technical 
parameters. The mineral supplement feeding trial in 
west Java is an example. The measurement of farmer
managed trials includes behavioural parameters that 
might lead to "spontaneous treatments" or technical 
modifications. Farmers experimenting with alley 
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cropping in southwest Nigeria tried burning, tractor 
plowing, alternative crops, and establishment of alleys 
in shade. All but the last "treatment" proved 
satisfactory. 

During promotion trials or demonstrations, only 
farmers' responses are measured. The technological 
package is fairly strictly defined, and only marginal 
modifications (fine-tuning) are possible. 

TARGET GROUP OR AREA 

There is more than one approach in farming
systems research, but all seem to have the definition of 
a target group or area in common (for example, an eco
logical zone). Examples of target groups in livestock 
on-farm trials are the west Javanese and western 
Nigerian small-ruminant farmers in the SR-CRSP and 
ILCA programs, respectively, and the oxenholders in 
Ethiopia. The Rahad Agricultural Scheme in Sudan is an 
example of a specified target area. 

Nevertheless, the lack of target-group definition 
should be of concern. In many cases, the target group 
(or recommendation domain) is defined after a (prelimi
nary) technology is developed. Potential users of that 
technology are then identified if not chased. The 
"target group" is thus supposed to fit the technology 
rather than the other way around. The on-farm hay 
trial in Sudan is a good example. The transhumants 
were originally part of the "target group." However, 
after 1 year it became clear that hay making was not an 
appropriate technology for them, and the transhumants 
were dropped from the "target group." This does not 
imply that an important part of the whole research pro
gram is not devoted to their problems. Again, the late 
or hazy definition of "target group" might lead to the 
waste of research resources, as scientists might con
tinue developing technologies for which only an imagi
nary target group exists. 

Within target groups, the prime actors should be 
defined. These will depend on the kind of technology 
tested. For example, in some cases husbands will be the 
target group, in others, wives, owners, tenants, or 
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even children will need to be contacted. Farming is an 
activity undertaken by all members of the household. 

A clear definition of the research problem, the 
target population, and the trials' purpose and objec
tives provides the basis for specification of the on-farm 
trial design, the level of farmer participation, and the 
criteria for evaluation of results. These aspects
legitimately vary from trial to trial according to the 
particular problem definition and statement of trial 
objectives. 
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ON-FARM TRIAL DESIGN 

J.E. van Eys
 

Design and procedures used for experiments on 
research stations are often not applicable to the highly
variable on-farm conditions. The lack of control and 
complexity of the farm situation forces experimenters to 
seek a compromise in rigidity of the experimental design
to meet practical requirements on the one hand and 
precision on the other. 

In their efforts to seek more control and facilitate 
the interpretation of research results, researchers 
recognize that essential information on farm and produc
tion conditions must be gathered. The loss in experi
mental rigidity can then be compensated for by in
creased knowledge about variables affecting the 
response. A diagnostic or in-depth descriptive phase
is generally considered necessary and has become rou
tine for many on-farm trials. Results of this survey are 
used in the selection of locations and farms and the 
development of suitable experimental designs. 

SITE AND FARM SELECTION 

The selection of one or more research locations is 
the first step in ]ivestock on-farm trials (LOFTs). It is 
realized that such sites should ideally be representative
of specific agroecological conditions and the production 
system of the target farms. Representativeness in these 
aspects is difficult to define, and in practice the choice 
is often determined by alternative but equally strong
arguments such as farmers' attitudes, reduction in cost,
accessibility, and potential for control and supervision 
over the trial and institutional cooperation (e.g.,
extension service, government officials). It is ques
tionable if any site can be selected on purely objective
criteria alone. Selection of sites on the basis of the 
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above subjective criteria does not necessarily invalidate 
the research.
 

Except for extreme situations, the problems that 
LOFTs seek to solve are unlikely to be location specific 
and are normally of sufficiently general character that 
they are applicable to a relatively large region. Fur
thermore, the gain in farmers' collaboration and experi
mental control outweigh to a considerable degree the 
value of selecting a site on characteristics of repre
sentativeness. 

Farm or farmer selection is not unlike site 
selection. Complete random, or systematic random, 
sampling within a location is seldom possible. Criteria 
that may preclude true random selection are 

(a) Willingness of farmers to cooperate and pos
sibly adopt a successful technological innovation; 

(b) Criteria for inclusion in the target group; 

(c) Relevancy of the research problem to the far
mer; and 

(d) Suitability of farms for inclusion in the experi
mental design. The farm should meet the specific 
requirements of the experimental design in terms of 
balancing the design or number of replications. 

Additional considerations in farmer selection are 
social standing of farmers in the community, access to 
the man or woman in charge of the production process 
of interest, perennial interest in research results, and 
previous involvement in LOFTs. Consequently, survey 
information is necessary and must be taken into con
sideration in the selection process. 

From the farmers' points of view, the perceived 
benefits of participating in a LOFT are evaluated 
against the risks. Willingness of the farmer to cooperate 
implies the recognition of the fact that he may benefit 
from the experiment or at least will not suffer a loss. 
Expected benefits may be in the form of future applica
tions of the new technology in which case farmers recog
nize that their enterprise has a solvable problem. 
Alternatively, farmers may expect to benefit sufficiently 
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from the incentives or compensations provided by the 
researcher or the prestige associated with the LOFT. In
their current concept, LOFTs generally exclude conser
vative farmers, farmers with marginal enterprises, or 
those who have had negative LOFT experiences. 

The use of incentives or compensations is a 
common component of LOFTs and an considimportant
eration in farm selection. Compensation for the risk
taken by the collaborating livestock producer can ta-.e
the form of feed, animals, labour, harvest, cash, etc. 
Monetary compensations should generally be avoided. 
Incentives may lead to an atypical sample of the farm 
community particularly if the above-mentioned criteria 
for farm selection are taken into consideration. As is
the case in site selection, however, new technologies 
are mostly concerned with general techniques or sys
tems. The research problem is never farm specific and
results should be applicable under a wide range of 
conditions. 

EXPERIMENTAL CONTROL 

LOFTs are generally carried out jointly by farmers 
and researchers. The degree of control by either party 
may vary. Although experimental control is likely to be 
greater under the supervision of the researcher, trials 
or aspects of trials under the responsibility of the
farmer are likely to be of greater relevance to the farm 
situation. 

LOFTs are by definition strongly producer oriented 
and are carried out under the premise that (a) they
primarily benefit the producer through improvements in
techniques and productivity, (b) the new technology 
can be carried out by the producer and fits into his
 
system, and (c) the farmer 
 must be able to evaluate 
results and recognize applicability and potential bene
fits. Furthermore, the producer is generally the major
investor in the trials on his farm. These are strong
arguments for a large producer involvement in the 
decision-making and control. In reality farmers' inputs,
especially at the design stage, are often limited. Low 
farmer input in the experimental design is likely to 
remain so as long as farmers have to rely on research
ers for problem identification and introduction of new 
technologies. 
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Following the initiation of the LOFT, researcher 
control tends to decrease as producers become more 
familiar with procedures and recognize the potential 
importance of the intervention. Ideally, LOFTs progress 
over time from researcher-managed, to jointly, and, 
finally, to farmer-managed experiments. This gradual 
progression is often hampered by the researcher's 
reluctance to relinquish control and his lack of confi
dence in the farmers' capacity or willingness to follow 
research protocols. This situation can at least in part 
be corrected by regular checking and increased farmer
researcher contact. Researcher trials are characterized 
by designs aimed at reducing variability due to exoge
nous factors and the intention to demonstrate significant 
effects of the experimental treatments. With increased 
control by producers, farm-specific conditions are 
allowed to play a more dominant role resulting in 
increased variability. The objectives for, and the 
evaluation criteria of, the LOFTs need to be adjusted 
for this change in management. 

As in the case of on-station trials, LOFTs 
generally include experimental controls. However, they 
have the advantage of having access to extensive 
secondary information from surveys that can be used in 
the evaluation of results or the identification of the 
effects of the new technology on associated farm activi
ties. Nonparticipating farms may serve as controls if 
sufficient relevant information on these farms can be 
collected. 

TREATMENT SPECIFICATION 

By definition, on-farm trials should seek practical 
solutions to existing problems. LOFTs must be designed 
so that farmers can evaluate the impact of the new tech
nology. Design and treatments must be well defined 
leading to clear and readily interpretable results. The 
existence of a wide range of interfering factors and 
large variability within farmns quiestions the usefulness 
of complex dtesigns. Single-factor ex periments are prob
ably most ffective. Where additional factors are to be 
studied, parallel or setuential ex periments should be 
considered. Because of seasonal and climatic effects, 
most trials should be designed to evaluate the experi
mental treatments in diffeient seasons. Long-term trials 
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may need to be considered if large climatic fluctuations 
occur between years. 

Treatments that can be incorporated in the d, sign 
are ultimately limited by the number of replications
needed or the sample size. In LOFTs, sample sizes 
range widely reflecting to some extent the different 
approaches taken by the various research groups. No 
specific recommendations can be made because the size 
of the sample is strictly dependent on the variable to 
oe measured. 

In the case of quantitative biological measurements 
where statistical analysis is often considered important,
the sample size is determined by the variability associ
ated with the variable of interest and the desired level 
of confidence. For such measurements, calculated sample
size can become excessively large and impractical. How
ever, in LOFTs, statistical procedures are not always 
necessary or meaningful. Observations of a survey
character, in particular those considering widely estab
lished practices, can often be made with adequate confi
dence on a small sample. In extreme cases, a simple
observation may be adequate. A similar existssituation 
for LOFTs that have reached the demonstration or adop
tion stage. this the need forAt stage, statistical 
analysis and, therefore, sample size is limited due to 
the increased concern with the farming system as a 
whole. 

LOFTs that use small herds or flocks may consider 
applying a single treatment per farm. This generally
limits the number of treatments to one per location. The 
application of more than one treatment per location is 
only feasible if farmers are not informed or cannot 
immediately observe the treatments and their effects. 
Such trials are rare and are limited to experiments
under researcher control aimed at extracting more 
information than absolutely necessary to solve a farmer's 
problem. 

Treatments in LOFTs are generally specified by
the researcher on the basis of on-station results or 
information collected during the diagnostic phase. If 
treatments are not clearly defined, farmers will inter
pret or modify treatments according to their own re
quirements. Application of treatments by farmers may 
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distract the experiment from the original purpose but 
may provide valuable information and give indications of 
how new technologies can fit into the existing farming 
system. Such LOFTs do not generally allow statistical 
analysis. 

LOGISTICS AND COSTS 

Costs for on-farm research are closely associated 
with the experimental design and trial location. Major 
expenses are in the form of transport costs and re
quirements for researchers' or farmers' time and 
resources. Cost factors are important considerations in 
the selection of study sites and number of farmers. To 
reduce expenditures due to travel, research locations 
are frequently clustered in one or two specific regions. 

Relative to on-station trials, animal experiments on 
farms are likely to be less expensive for the research 
institute. The use of farmers' resources, such as ani
mals, feeds, land, and labour, decreases the cost of 
station research. These savings are partially offset by 
the sample size and costs for incentives, compensations, 
and travel. 

To reduce costs of LOFTs, the need is for sim
plicity in design, such as limited treatment numbers and 
readily measurable effects. Much of these savings are 
lost by the need for extensive observations often in 
excess of 1 year. The inherent large variability and, 
consequently, larger sample size will further limit 
possible benefits. Introduction of more than a single 
treatment may increase cost efficiency but this benefit 
has to be weighed against the loss in experimental effi
ciency. The information obtained during the diagnostic 
phase may be of importance here. Survey work may be 
one of the more efficient aspects of on-farm trial 
activities. Reducing frequency of researcher-farmer 
contact will reduce expenses hut at the same time lower 
the quality of LOFTs. 
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LEVELS OF FARMER PARTICIPATION 

J.A. Kategile 

The very existence of a livestock on-farm trial 
(LOFT) implies the participation of farmers. The 
rationale for their participation includes: 

(a) LOFTs utilize farmers' r.-sources (buildings,
land, animals, and other inputs). It is important to 
identify th-, activities on the farm with the respective
farmers. Self-confidence builds through this practice. 

(b:, Because LOFTs aim at :-hancing technology
transfer, the direct contact of the farmer with the 
technology facilitates this process. When farmers par
ticipate in LOFTs, they appreciate the reasoning behind 
the experiments and can assist in convincing the neigh
bours of the merits of the technologies being tested. 

(c) Livestock keepers are generally unwilling to
allow others to handle their livestock. They know that 
there are some poor managers and some superstitions

exist in 
 which they associate poor Lnimal performance
with certain clans or families. Examples have been cited 
in the workshop where herdsmen did not trust scien
tists initially. 

(d) The production levels obtained with farmer 
participation indicate a more realistic potential of 
improvement than those from technologies generated in 
research stations. 

On-station scientists, however, are more familiar
with prescribed research protocols prepared on stan
dard formats in which the instructions are given to 
technicians for execution. Other supporting staff 
(laboratory assistants and labourers) are also used to 
research protocols such as sampling procedures and 
sample processing. The line of command is understood 

28
 



and operative and this ensures good-quality research. 
Research activities are traditionally viewed as belonging 
to the respective researchers, and it is the responsi
bility of the researcher to identify people who will 
assist him. Therefore, a prerequisite to farmers' par
ticipation is likely to lower the quality of research. 

Farmers are not used to elaborate research 
protocols and may not see the importance of these strict 
protocols. At times, a farmer may be tempted to aban
don treatments that result in low performance of animals 
(e.g., a control unsupplemented vs a supplemented 
group producing significant quantities of m.'k). The 
farmers know animals individually and may not like to 
see some of their good animals receiving inferior treat
ments. The farmers may also not appreciate long-term 
experiments (e.g., cow/calf operations vs steer fatten
ing). 

On the whole, one should expect a relatively poor 
precision and low production levels in research work 
involving farmers, but the results reflect the realistic 
potential yield responses to technology adoption. Such 
data should be used in development planning. Further, 
farmers participation can also show the social acceptance 
of the technology. With time, more agricultural scien
tists are taking the challenge in investigating the 
potential of production in the various socioeconomic 
environments. For this to be fruitful, it is important
that scientists develop a working relationship with 
farmers at various stages of the LOFT research pro
cess.
 

FARMER PARTICIPATION IN ON-FARM TRIALS 

Diagnostic Survey Stage 

It is imperative that the scientist-farmer working 
relationship is developed and nurtured in several 
stages. Because livestock keepers are skeptical of the 
skills of others in livestock management, a research 
team should try to gain the confidence of the farmers 
during the survey study. Research staff should demon
strate, practically, that they know and can work with 
livestock; for example, in the treatment of common 
diseases, watering, milking, and general management. 
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It is also important to share with them their concerns, 
and these are usually included as constraints or attri
butes. The research team should appreciate the farmers' 
capabilities and skills and give credit where duE,. 

Design Stage 

During the design stage the research team should 
discuss with the farmers the potential usefulness of
LOFT in solving the farmers' problems. The drawbacks 
and the problems associated with LOFT should also be 
highlighted. Farmers should be given a chance to indi
cate their aspirations, some of which could be incorpo
rated in the design of the experiments. For example, if 
the farmers feel strongly that one way of increasing
milk production is through introducing improved breeds 
rather than improved feeding per se may wish toone 
include this in the design, although it may not have 
been in the original plans. 

During the design stage, researchers should 
discuss LOFT objectives and plans in detail with the
farmers specifying the total needs for LOFT and the 
expected contribution from the farmers in the form of
facilities (housing, watering, land) and inputs ,feeds,
veterinary drugs, labour). It is important t) avoid 
excessive demands on farmers' resources and, similarly,

scientists should avoid excessive 
 commitments and elimi
nate luxurious external inputs that the farmer cannot
afford after the experiments are phased out. Data on 
household income and disposal should be used in plan
ning the level of external farm inputs. The issues of
protection against risks should be discussed as well as
 
compensation and incentives 
 for the farmers. The forms
of agreement, whether verbal or written, are to be dis
cussed at this point. 

The schedule of LOFT activities has to be dis
cussed in detail with the farmers. They can then iden
tify areas where they could participate without affecting
their routine production activities and areas where they
will need assistance. For example, if the planting time 
for improved pastures coincides with the planting time 
for food crops, the farmer may need assistance. Details 
have to be worked out, carefully ensuring farmer par
ticipation but not at the expense of his other routine 
work. The researcher should be convinced that farmers 
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are part of the research team. Farmers should not be 

used as labourers for LOFTs but as colleagues. 

Implementation of LOFT 

The importance of farmer participation in the whole 
process of transfer of technology has been mentioned 
earlier. One should try as much as possible to follow 
the design and schedule of activities agreed upon with 
the farmers during the design stage. 

To enable the farmers to participate usefully in 
LOFT, the farmer has to be trained and guided in 
research protocols, but this may be a slow process and 
requires patience. Some of the specific tasks such as 
allotment of animals into experimental groups and sam
pling may require continued direct involvement of the 
researchers. Measurements of inputs and parameters 
should be simplified for the farmers' use. For example, 
calibrated volumetric containers can be used for measur
ing concentrate feeds or milk yields. Simplified record 
forms (weekly or calendar-day sheets) can be adapted 
and filled in by the farmers. Complicated forms are 
unsuitable. 

When farmers are asked to manage a LOFT, this 
demands time and takes them away from their routine 
work so there may be a need for recruiting replacement 
labour. This should be worked out carefully. 

Appraisals 

Farmers who are managing LOFTs continually 
assess the treatment effects because they note differ
ences in the condition or performance of their animals. 
Researchers should encourage farmers to give their 
opinions on the treatments. Correct farmers' appraisals 
should be reinforced, whereas incorrect interpretations 
should be carefully realigned. Copies of simple sum
maries of data from the LOFT should be given to 
farmers. When studies reach an advanced stage of con
firmation, researchers may use the farmers in spreading 
the appropriate technologies. The possibility of organ
izing field days among cooperating farmers should be 
explored as it enhances exchange of experiences. 
Similarly, formal appraisals may be instituted at inter
vals. Appraisals of LOFTs should be comprehensive and 
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should include the opinion of other groups, such as 
extension workers and policymakers. 

Terms of Agreement 

It is important to recognize the special roles of 
livestock in small farms when one is discussing agree
ments with farmers on the use of livestock for LOFT. 
To farmers, livestock are an investment (bank account,
bonds, or capital goods), food for the family (goats,
sheep), an insurance against crop failures (in dryland 
areas, livestock ensure survival through droughts), an 
old age insurance (the aged depend more on livestock 
than arable cropping), units of social hierarchy, and 
social values (bride price, social functions). 

'he significance any these values variesof of with 
socicties and societal groupings. In general, one can 
say that livestock keepers in the dryland areas are 
more dependent on, or more attached to, livestock and 
are less likely to enter into an agreement on the use of 
livestock for LOFT. 

On the whole, it is desirable to take into 
consideration the farmers' interests and, as far as pos
sible, the livestock keepers should be able to dispose of 
stock or livestock products for either home consumption 
or cash income. For example, in dairy enterprises, the 
farmer should be assured of the right to milk and 
samples should be small. If farmers' herds are large, 
one should exclude the stock that are likely to be dis
posed of on short notice, so a short-term agreement 
may be desirable. 

Because livestock keepers obtain consumable 
livestock products and income from stock, LOFTs should 
aim at increased livestock productivity. The importance
of designing experiments in which the traditional way of 
management is the control group, has been stressed 
elsewhere. A fair agreement should guarantee that the 
treatment groups will do no worse than the control 
group and, in cases where the treatment groups are 
relatively poor, fair compensation should be provided
for. It is also desirable to pay for any injuries due to 
handling or deaths in the treatment groups regardless
of the cause. Where insurance policies are available, the 
whole flock or herd should be insured. 
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An agreement should also protect the farmers from 
risks of long-term investments, such as capital items 
(housing, fencing, soil conservation). The agreements 
should be flexible enough so that the farmer can make 
changes where necessary and also terminate the agree
ment if he so chooses. 

The form of agreement depends on the locale. In 
some countries, a gentlemen's verbal agreement is accep
table and honourable, whereas in others the village 
leaders may be called upon to take witness of the infor
mal agreement but, at the other extreme, a formal 
agreement drafted by a lawyer is the only acceptable 
agreement. 

REVIEW OF FARMER PARTICIPATION 

In the papers presented, farmer participation 
varied considerably. There are cases where technology 
testing had reached an extension stage and farmers 
were given initial technical advice and guidance and 
allowed to make their own decisions on the design of 
trials, management of trials, and utilization of the 
products obtained. In this process, the farmers are 
able to modify the technological packages and, actually, 
researchers learn from the farmers' "experimentation." 
As an example, some of the cooperating farmers in the 
alley cropping project in Nigeria burned the stubble 
accumulating between the rows of trees. In the majority 
of the papers, it was not clear as to whether the 
farmers participated in the design of en-farm trials. It 
is, however, indicative that the farmers traditional 
practices were taken into consideration in the design of 
the experiments because the traditional method repre
sented the control group. There are a number of cases 
where farmers' aspirations were taken into consideration 
during the execution of LOFTs, and the results have 
usually been positive. 

The farmers' contribution to the inputs in the 
trials varied without exception. They permitted the use 
of land, houses, livestock, and other facilities (water 
and feeding facilities). In the case of western Sudan, 
the Baggara did not allow this use of their cattle for 
data collection (mutual confidence had not developed). 
In one case, the researchers had to pay rent for the 
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night enclosures in western Kenya. The provision of 
experimental animals by the research team was made in 
situations where the class of stock for the trials formed 
part of the technological innovations for testing.
Scientists on the whole have attempted to involve the
farmers in the management of the trials under super
vision of the research team. There are, however, only 
a few cases where farmers were trained to take re
cords. There is a need to get the farmers more 
involved in this. 

The farmers had access to the resulting products
and this was very encouraging for them. The farmers' 
views and opinions on the results of the trials were 
consistently taken into account, but it is generally
unclear as to the influence of incentives and compensa
tion on farmers' opinions. Phasing out inputs provided
by the research team can help in getting a more 
accurate view of the farmers and their reaction to the 
technologies being tested. 

The need for either an informal or formal 
agreement with the farmer was well recognized and no 
serious misunderstandings were reported, but it is 
important to remind scientists about the need to take 
farmers' interests into account when formulating agree
ments with them. 

It is noted that current activities of LOFT involve 
the farmers in the diagnostic survey, execution, and 
evaluation of the experiments. ",owever, farmers' parti
cipatiori has been limited during the design of LOFTs 
and during continuous appraisal. It is felt that in the 
future these areas need more emphasis. 
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CRITERIA FOR EVALUATION 

R.H. Cook 

The primary objectives of livestock on-farm trials 
(LOFTs) are to test the appropriateness of production
increasing, cost-reducing technologies and to facilitate 
the transfer of these technologies to the maximum 
number of target farmers. Accordingly, the results of 
livestock on-farm trials should provide researchers with 
a clear understanding of the technical effectiveness, the 
economic benefits, and the sociocultural compatibility of 
potential technologies in the context of the target 
farming system. Depending on the nature of the tech
nology being tested, its technical complexity, the 
amount of prescreening, its input requirements, and the 
characteristics of the production enterprises of the 
target system, considerable time may be required before 
all these criteria are sufficiently clarified to recommend 
extension of the technology. Because of this fact, and 
the high level of resources frequently required to 
implement livestock on-farm trials, potential technologies 
should be critically prescreened and on-farm trial 
designs and results critically evaluated to maximize the 
possibilities of extending adoptable interventions to 
producers in the shortest period of time. 

TECHNICAL EFFECTIVENESS 

The technical effectiveness of a proposed 
intervention involves a quantitative and qualitative 
assessment of both the animal's biologicil response to a 
technology and the technical compatibility of the inter
vention with the resource base of the farming system. 
In the case of livestock farming systems, many of the 
production constraints faced by traditional producers 
are technically based. Levels of livestock productivity 
in traditional production systems reflect the end result 
of a number of technical interactions involving a number 
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of input factors, such as: (a) management/husbandry
practices: (b) biophysical aspects of the natural re
source base, (c) allocation of inputs, (d) disease inci
dence, and (e) productive potential of the livestock. An 
assessment of the technical effectiveness of a proposed
intervention should, therefore, not only consider 
changes in output, i.e., animal productivity, but also 
the impact the technology has on the input resource 
base.
 

For livestock, changes in output are frequently
equated with a change in productivity (weight gain,
parturition interval, milk production, etc.). The like
lihood that measurable changes in one or more of these 
productivity criteria represent a comparative change in 
the total systems output is determined by the nature of 
the system (crop/livestock, pastoral, commercial) and 
the production priorities of the producer. 

The reliability of quantitative and qualitative 
measurements in reflecting a realistic impact on the 
output from the target system is determined by: (a) the 
selection and measurement of criteria that reflect the 
producer's production priorities, (b) the quantitative 
and qualitative contribution livestock make to the sys
tem's total output, (c) biases introduced through the 
provision of production inputs by researchers, and (d)
the precision of measurements and the type of analytical
methods used. Ir idition, consideration must be given
to the technical n.- -e and level of required inputs and 
their availability to the producer on a continuous or 
seasonal basis. 

The long-term success of newly adopted tech
nologies will in part depend on the impact such inter
ventions have on the natural resource base of the 
target system. Of special importance in the case of 
pastoral systems, but applicable to all farming systems, 
are technologies that aim to improve the producer's
ability to utilize more efficiently, in a conservationally 
sound fashion, his natural resources. Such technologies 
are of considerable importance in attempts to stabilize 
and improve deteriorating environmental resources. The 
compatibility of potential technologies with the long-term
improvement of the natural resource base is an impor
tant factor to be considered when evaluating the tech
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nical effectiveness of technologies being assessed in 
LOFTs. 

ECONOMIC BENEFITS 

The impact of a technology on the economic 
resource base of the target farmer is an important 
criterion in the assessment of livestock on-farm trial 
results. Economic analyses used in evaluating this 
impact generally seek to establish potentially quantifi
able economic benefits that could accrue to the producer 
through adoption of a recommended technology. Such 
technologies should be compatible with the farmers' 
economic resource base and utilize those resources in a 
more efficient fashion to maximize their chances for 
adoption. 

Estimation of economic benefits for producers 
requires a realistic assessment of their economic re
sources (land, labour, and capital) and a knowledge of 
how these resources are traditionally allocated among 
the producers' production enterprises. An understand
ing of the producers' production priorities is important 
to enable researchers to select appropriate production 
parameters (animal sales, milk sales, slaughter for home 
consumption) to undertake relevant economic analyses. 
In the case of poor resource farmers, seasonal short
ages of cash and labour, such as during planting and 
harv.sting periods, can have important implications for 
the success of a potential intervention. Understanding 
the seasonal fluctuations ink market prices is important 
when costing a livestock output. Livestock generally are 
sold during periods when households need disposable 
income. In the case of large ruminants such sales can 
be erratic, depending on need, and undertaken without 
regard to trends in market prices. An evaluation of 
input costs also requires consideration of not only 
seasonal availability but also opportunity costs. These 
input costs can be high in areas with poor infrastruc
tures, requiring considerable logistical planning and 
efforts by producers. 

Economic analyses must attempt to estimate realistic 
"farm-gate" prices for both inputs and outputs. 
Parameters such as profitability, marginal net benefit, 
benefit/cost ratio, etc. are realistic indicators for 
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researchers to assess the potential economic benefits,
provided that efforts have been made to evaluate actual 
farmer/market interactions. 

One important difference between livestock and 
crop production is the difficulty in quantifing many of
the outputs from livestock and ascribing monetary
values to them. In these cases, estimating the economic 
impact of a technology on a farming system must include 
both economic analysis and formal/informal farmer 
responses.
 

SOCIOCULTURAL COMPATIBILITY 

The clearest statement of the sociocultural 
compatibility of a new technology in a farming system is
its outright adoption by the farmer who provides all 
required inputs from his own resources. Measurement of
adoption rates is one technique for quantifying system
compatibility for a technology. Moreover, deviations
from recommended practices, identified by on-farmas 
monitoring activities, provide important information for 
researchers in 

appropriate technologies 

to use adjusting and modifying technolo
gies to "fit" better into a target system. 

Evaluation 
wait until the 
volvement and 
design stages 

of sociocultural compatibility 
end of technology testing. 
assessments even in the 
can assist researchers in 

should not 
Farmer in
technology 
designing 

for target groups. Because one 
of the primary objectives of LOFTs is to facilitate 
technology transfer theto farmer in the shortest pos
sible time, the early involvement of both farmers and
extension agents is critical. Although farmer assess
ments are essential to evaluate sociocultural compati
bility of a technology, regional and national policy
makers can have an important impact on the accept
ability of a technology. Accordingly, results of LOFTs 
should be evaluated within the context of regional and
national development priorities. The successful adoption
of a technology that is consistent with these goals will 
have a much greater chance of support. This will 
enhance the possibility that policies, which will assist
farmers in adopting a recommended technology, will be 
implemented. 
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CONCLUSION
 

The three main criteria (technical effectiveness, 
economic benefits, and sociocultural compatibility) 
represent broad areas that should be addressed when 
evaluating the results of on-farm trials. However, not 
every LOFT may be designed to address all of them 
concurrently. In the evolution of livestock on-farm trial 
methodology, early efforts have focused on technology 
identification under farmer conditions. Such trials have 
invariably been researcher managed and have focused 
on evaluating the effectiveness of a potential 
technology. Perhaps more farmer involvement in this 
stage of on-farm trials would make technology screening 
more efficient and more relevant to farmers' conditions. 

As livestock production systems become better 
understood and researchers become more confident of 
technologies under farmer conditions, livestock on-farm 
trials will likely move to a management mode with in
creasing farmer involvement and increasing emphasis on 
sociocultural criteria, such as adoption rates. 

Most of our livestock on-farm trials in this 
workshop clearly illustrate that we are in the early 
evolutionary stage of on-farm trial methodology. The 
challenge will be how fast we, as livestock scientists, 
can move from an emphasis on researcher technology to 
an emphasis on farmer adoption. 
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DIRECTIONS FOR FUTURE TRIALS 

Frank M. Anderson 

Rapid production gains must be achieved in many 
of the world's agricultural areas to allow even subsis
tence needs to be satisfied in the coming decades. 
Livestock keeping is a common element of most subsis
tence and 'ow-income farming systems. The evidence 
available from many cases indicates that significant 
production gains are both practicable and profitable in 
these livestock enterprises, especially if the necessary 
technical packages are tailored to the needs and re
sources of farmers. By exploiting these opportunities 
to increase the yields of both intermediate livestock 
products such as draught power and final products 
such as meat and milk, farmers will be better able to 
provide for their b, i: needs. Conducting on-farm 
trials with livestock is one potentially potent means of 
designing and testing appropriate livestock technologies 
for adoption by farmers to enable this overall produc
tion goal to be satisfied. 

Livestock on-farm trials (LOFTs) are in their 
infancy compared with on-farm crop trials. Despite the 
comparatively few case studies available, the results to 
date suggest that LOFTs are able to produce results 
relevant to farmers' needs. To the extent that these 
trials are efficient users of scarce research funds in 
the generation of livestock technologies they will com
pete successfully for at least a part of these funds. 
However, at this time much of the LOFT research is 
funded by bilateral and multilateral agencies and by 
international research institutes. As a result, the 
trials done with the support of these agencies have not 
competed with traditional livestock research for the core 
funds available to national research institutes. Funding 
from these extra-national agencies has been catalytic in 
focusing attention on the appropriateness of greater 
farmer involvement in the design and testing of new 
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livestock technologies. However, they cannot and 
should not attempt to substitute in the longer term for
the research by national agencies in addressing what 
v ill increasingly become location-specific research 
problems. To the extent that LOFTs becomewill 
increasingly important as a means of producing relevant 
livestock technologies, they will need to become 
accepted as "legitimate" research by national research 
establishments. 

This synthesis highlights some major issues 
concerning future applications of LOFTs. Successfully
addressing these issues will enable LOFTs to become an 
accepted and routine part of livestock research in 
national agencies. 

A t&pic of current concern to both observers and 
practitioners of LOFTs is that the cost of research 
using the on-farm approach must be less than similar 
work do.ie in the traditional mode on research stations. 
This focus on costs has diverted attention from the 
more important criterion for comparison of the two 
approaches, namely the comparative impacts on produc
tion (benefits) versus the costs o' research. Although
there are substantial methodological problems in 
assessing the impact of research (originating from 
either or-station or on-farm trials), it is important at
this stage in the development of LOFTs that this be 
a~tempted to enable the case for LOFTs lo 6e more firm
ly established. Tew of the LOFTs to date have sought 
cc estimate benefits accruing to farmtrs oth.er than for
those farmers with whom the trials are conducted. 
Insofar as the beneficiaries of technical changes in 
lives'ock production will also include urban consumers 
and others through major changes in market prices and 
supplies, then it will often be appropriate to estimate 
such impacts as part of the overall assessment of a new 
technology. Note here that a major advantage of tech
nologies tested on-firm, as opposed to on-station, is 
the earlier aaoption by larger groups of farmers of the 
farm-tested technologies. Given the urgency to pro
duce change in many production systems, this antici
pated advantage of the on-farm approach assumes con
siderable importance. Assessment of impact is, there
fore, a priority task. 
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Compensation to farmers for participation in LOFTs 
is another issue of current interest. Many writers 
draw attention to need reduce or eventhe to eliminate 
the risks associated with participation that arise 
through failure of the technology being tested. Exam
ples of such risks are death of animals in the trials,
lost production opportunities when cropland is directed 
to pasture production, reduced milk yields when live
stock are fed inferior rations, and so on. Although
production risk is undoubtedly an important considera
tion in the design and operation of a new technology, it 
51hould not be forgotten that farmers already manage
their resources and make decisions in an uncertain bio
logical, technical, and economic environment. Agricul
tural production, including livestock production, is 
risky. 

For this reason, it is not appropriate for farmers 
to be compensated (usually in a mix of ways) for their 
participation in on-farm trials of livestock technologies 
to the extent that there is no risk associated with the 
trial. Removal of all risks of participation make the 
results of the LOFTs largely uninterpretable as regards
the applicability of the technology to other farmers for 
whom it is ultimately intended to be delivered. Compen
sation can take many subtle forms. For example, asso
ciation with the LOFT can facilitate access to essential 
farm inputs (including inputs other than those needed 
for the on-farm trial) or can provide additional security
of land tenure. Thus the compensation package for 
participation in the on-farm trials is often more sub
stantial than would be indicated by a simple summation 
of the direct physical inputs and advice provided by
the research group. As a guideline, it can be argued
that apart from special cases, the overall compensation
package for participation should not exceed that which 
could be provided to farmers when the technology is to 
be delivered to the larger community of farmers by the 
extension services when the testing phase is completed. 

By adopting this guideline, the environment for 
the LOFTs will match the overall policy environment in 
which farmers produce. In some instances, and espe
cially for those technologies expected to have a rela
tively long on-farm testing period, it will be appropri
ate to offer a compensation package matching the policy
environment expected apply the time whento at the 
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technology will be available for general adoption. The 
compensation issue is complex, but in all instances 
researchers concerned with LOFTs should avoid seeking 
early successes in their trials by offering favourable 
compensation packages, at the likely expense of later 
failure in adoption by the majority of farmers who will 
not receive these same benefits. Note also that LOFTs 
typically require close association between researchers 
and farmers over a period of years. This contrasts 
strongly with annual crop trials conducted on farms. 
For this reason the compensation issue is more inpor
tant with LOFTs than on-farm crop trials. 

Many current LOFTs have their origins in special 
projects funded by extranationl agencies. A major 
objective of these trials has been to give national 
researchers the opportunity to gain experience with 
on-farm research. This strategy has been successful 
and has performed an important training function for 
the national researchers concerned. However, because 
such trials have to some extent been ad hoc and sepa
rated from the mainstream of research in the national 
research agencies, they have usually had a less than 
ideal involvement of extension officers. Further suc
cess of LOFTs will depend importantly upon establishing 
a close working relationship between the LOFT team and 
extentionists if the technologies tested are to be made 
available to the target farming community. Because 
on-farm trials with livestock are not yet a routine task, 
the inter-institutional links between the LOFT teams and 
extension agencies are informal. LOFT research groups 
will need to take the initiative and seek the regular and 
close involvement of extensionists in their work begin
ning at as early a stage in the research as practicable. 

The beginnings of training in LOFT methodologies 
has already been noted. It is important, however, to 
highlight that more researchers need to be exposed to 
the approach. Both new recruits to the research estab
lishment and experienced researchers should have a 
hands-on exposure to LOFTs. The early involvement of 
both groups will have a positive effect on attitudes 
toward on-farm trials. Additionally, the on-farm 
research experience should favour increased relevance 
of station-based livestock research. Although LOFTs 
will assume increased prominence in the coming years, 
there will still be a need to have station facilities 

306
 



available for livestock research. Strengthening the 
links between on-station and on-farm livestock trials 
will enhance the effectiveness of the overall research 
process.
 

The range of on-farm trials already being done 
with livestock suggests that, with few exceptions, farms 
can be the sites for useful livestock trials. The 
apparent adaptability of many trials to application on 
the farm may lead to the situation where interventions 
are tested on-farm when it is not necessary. This 
would be wasteful of scarce research resources. On
farm trials with a new livestock technology should only 
be done if they can be expected to provide a clear 
expected gain in knowledge about the technology over 
other means of testing. Some researchers think that if 
the interactions between a particular technology 
(already tested un a research station) and the farm 
environment are expected to be of limited importance, it 
would be appropriate to take the technology directly to 
the farmer through the usual extension channels. In 
such a case on-farm testing would seem unnecessary.
However, if these technology/environment interactions 
are likely to be important (elaboration of such effects 
should be a routine part of prescreening the technol
ogy) then it may be appropriate to test it on-farm. All 
cases will need to be examined separately. Also, in 
regard to this important link between or-station and 
on-farm livestock trials, note that not all new technol
ogies will need to be tested on-station before testing
on-farm. In many cases, sufficient experience and 
knowledge will be available to require that on-farm 
trials only be conducted. The appropriate choice of 
testing methods and locations will depend importantly 
upon close and open communication between researchers 
responsible for the on-station and on-farm trials. 
Resolution of the potential conflicts in these choices will 
be facilitated if researchers share responsibilities for 
both types of trials. 

In the future, increased emphasis will need to be 
placed on prescreening of technologies before their 
inclusion in tests on farmers' fields. More rigorous
prescreening will save scarce research resources, both 
by enabling inappropriate technologies to be discarded 
early in the research process, and by producing better 
designs for those on-farm tests where it is considered 
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they will yield useful information. The design possi
bilities for complex livestock technolrgies are typically 
numerous, and the usefulness of the trial will depend 
upon the researchers identifying the most appropriate 
input levels, schedules, and harvest frequencies, for 
example, which will most likely apply under farmers' 
management. It is in this sense that "oetter" designs 
will result from proper prescreening. A range of pre
screening methods is available including the use of 
partial budgets, whole farm programming models, simula
tion models of biological or economic subsystems of 
interest, and other operations research methods. The 
easy access now possible to powerful microcomputers 
makes effective prescreening an easier task than was 
the case even 5 years ago. For example, sensitivity 
analyses can now be done routinely and quickly allowing 
the robustness of a technology to be assessed for a 
range of assumptions about productivity and prices. 

LOFTs have to date ranged from simple single
factor trials, to trials requiring inputs of several 
factors, to trials involving introduction of new enter
prises on farms and substantial capital investments. 
Undoubtedly this variability in the types of trials with 
livestock will continue to be an important feature of 
LOFTs. This variability raises the issue of the 
desirability or otherwise of complexity in such trials. 
There are no strict guidelines to be followed. In some 
cases where quantum increases in production are 
urgently needed it may necessitate complex changes to 
existing farming systems. Although complexity in the 
on-farm trials in such instances will undoubtedly make 
extra demands on researchers (and farners), it will be 
unavoidable. In other cases simple changes and cor
respondingly simple trials will suffice. Over time, 
however, the opportunity to intervene with "quick 
fixes" will diminish and generally increased complexity 
in on-farm trials will be the norm rather than the 
exception. Complexity, however, has its advantages. 
Of particular concern in this regard is that complex 
trials, in turn implying usually complex changes to 
farming systems, can be designed so that farmers will 
have some opportunities to tailor the technology to their 
own circumstances. They will do this by modifying the 
levels of inputs, for example, or by deleting or adding 
components to the basic technology they adopt. To the 
extent that this will be done by farmers, the ultimate 
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target of the results of LOFTs, this opportunity to 
fine-tune the technology on their own farms, will in 
part obviate the need to do this formally in researcher 
managed on-farm trials. 

In conclusion, what is the outlook for on-farm 
trials with livestock? They will become a routine part 
of national research system activities. The involvement 
of extra-national agencies will diminish except in a 
general support role, especially as regards training in 
the methods involved. To an important extent, the 
speed with which they become a routine research 
activity will depend upon effective and efficient 
execution of the trials now being done and the early 
implE.mentation by farmers of the results of these 
trials. If an impact on farming systems can be 
achieved it will be persuasive and supportive of the 
case for greater involvement of farmers in the develop
ment and testing of livestock technologies. 
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