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Deytsches Zentruiu fi& Entwicklungstechnologien - GATE 

’ Dcutsches Zentrum fur Entwicklungstechnologien - GATE - stands for German Apy~ o- 
printe Technology Exchange. It was founded in 1978 as a special division of the Deutsche 
Gesellschaft ftix Technische Zusammenarbeit (GTZ) GmhH. GATE is a oentre for the cl.;- 
semination and promotion of appropriate technologies for developing countries. GATE 
defmes ,,Appropriate technologies“ as those which are suitable and acceptable in the light of 
economic, social and cultural criteria. They should contribute to socio-economic develop- 
ment whilst ensuring optimal utilization of resources and minimal detriment to the environ* 
merit. Depending on tbc c$se zttt hand a traditional, intermediate or highly-developed can he 
the ,,appropriatc”’ OK, GATE focusses its work on four key areas: 
- Tz;chnol~g~r ~XC~UZ~P: C4ecling, processing and disseminating information on technolb- 
gies appr bpriate to t. r’= needs of the developing countries; ascertaining the technological _ 
req‘clirements af Third ‘Norld countries; support in the form of personnel, material and 
equipment to promote the development and adaptation of technologies for developing 
countries. 
- Reawch a~6 Dcvsfopment: ‘Conducting and/or promoting research and development 
work in appropriate technologies. 
- Cooperation in Technalagicul Lkvelapment: Cooperation in the form of joint projects with 

* relevant institutions in developing countries and in the Federal Republic of Germany, 

-1 
- Environmental Protection: The growing importance of ecology and environmental proteca 
tion require better coordination and harmonization of projects. In order to tackle these tasks 
moreeffectively, a coordination center was set up within GATE in 1985. 
GATE has entered into cooperation agreements with a number of technology czntres in 
Third World countries. 
GATE offers a free information service on appropriate technologies for all public and private 
development institutions in developing countries, dealing with the deve!opment, adaptation, 
introduction and application of technologies. 

Deutsche Gesellschaft f*ICr Technische Zusammenarbeit (CTZ) GmbH 

The government-owned GTZ operates in the field of Technical Cooperation. 2200 Germa&- 
experts are working together with partners from about 100 countries of Africa, Asia and 
Latin America in .projects covering practically every sector of agriculture, forestry, economic 
development, social services and institutional and material infrastructure. - The GTZ is 
commissioned to do this work both by the Government of the Federal Republic of Germany 
and by other government or sen&government authorities. 
The GTZ activities encompass: 
- appraisal, technical planning, control and supervision of technical cooperation projects 
commissioned by the Government of the Federal Republic or by other authorities 
-- providmg an advisory service to other agencies also working on development projects 
- the recruitment, selection, briefing, assignment, administration of expert personnel and 
their welfare and technical backstopping during their period of assignment 
- provision of materials and equipment for projects, planning work, selection, purchasing 
and shipment to the developing countries 
- management of all financial. obligations to the partner-country. 

Deutsches Zentrum fiir Entwicklungstcchnologicn - GATE 
in: Deutsche Ge&lschaft ftir Technische Zusummcnarbeit (GTZ’) GmbH 
Postbox 5180 
D-6236 Errchborn I 
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Foreword. 

This resource book was planned as a revised 
edition of the fust animal traction handbook 
published by GTZ in 1981. It presents further 
technical information on Animal Traction and 
also reviews practical experiences during the 
last decade in many developing countries. The 
lessons to be learnt are manifold, but one as- 
pect. seems particularly important: ’ those 
working with animal traction should avoid 
losing their perspective and objectivity by pro- 
moting Animal Traction with an ideological 
bias. Animal Traction, like other techno- 
logies, is only one means to the end of im- 
proving, on a sustainable basis, the livelihood 

* of rural people. It is a link on a chain stretch- 
ing from human labour to full mechanization, 
one stage in a long process. Some failures and 
disappointments in promoting Animal Trac- 
tion teach us to see the technology in the 
broad context of the prevailing social, econ- 
omic and farming environment. Only if we 
can thoroughly and intelligently assess and ap 
praise the human and natural environment 
will we be ‘able to to come up with successful 
strategies and solutions. 

In stark contrast to many developed countries 
where agriculture accounts for a small pro- 
portion of the economy, agriculture plays a 

major role in the economies of most develo- 
ping countries. The role of agriculture in de- 
velopment requires much greater care and at- 
tention. The importance of agriculture not 
only for the well-being of the people, but also 
for the entire developing economy is often 
seriously overlooked, Such neglect has slowed 
development ’ and presents major difficulties 
to governments and donors trying to improve 
this sector. 

This bcok highlights some of the problems 
and possible solutions of a small but vital area 
of agriculture. It aims to present Animal 
Traction in the context of the prevailing envi- 
ronments and farming systems. If this edition 
can provide development workers and deci- 
sion makers with a constructive perspective 
on animal traction, then we will have achieved 
a great deal. 

We at GTZ, together with the author and col- 
laborators, sincerely hope that this book will 
reach those who are capable and willing to 
use the information presented. We hope they 
will be able to transform the ideas into intel- 
ligible action that can benefit, and improve the 
livelihood of the rural poor in developing 
countries. 

B. Kehr 

Harnessing and implements for animal traction r 



Map of Africa 

This map was kindly provided by the Interna- for the convenience of readers only, and does 
tional Livestock Centre for Africa @CA). It not imply any eqxession of opinion concern- 
is designed to show the approximate positions ing the delimitation of boundaries, territories, 
and sizes of African countries. It is included jurisdiction or legal status. 
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Preface 

In 1978 an interdisciplinary team started to 
prepare the manual “Animal Traction in 
Africa”. This was intended as a guide to assist 
planning and decision-making for develop- 
ment projects in Africa. The fust version, in 
German, was published in 1981, followed by 
the English and French editions in 1982. 

The “Animal Traction in Africa” manual was 
prepared mainly from an intensive literature 
analysis. At that time few publications were 
available so that perhaps undue authority had 
to be ascribed to old material, some dating 
back to color ;:J times. GTZ had begun to 
have experience with projects to promote 
draft animals in America, and this “early stage” 
knowledge was included, together with infor- 
mation derived from other national or inter- 
national organizations and aid agencies. 

Since 1978, nearly all African r;ountries have 
started new development projects involving 
the utilization or promotion of draft animal 
power as a means to smal;-: iale farm mech- 
anization. External support for such projects 
has come from numerous sources. Since the 
publication of the fust edition, several work- 
shops have taken place at international, re- 
gional and national levels in order to improve 
information exchange in this neglected area. 
An international “expert consultation” on 
draft animal power was convened in 1982, and 
regional workshops have been held in west 
Africa (1985, 1986, 1988) and southern and 
eastern Africa (1983, 1987). The West Africa 
Animal Traction Network has now been 
formed and the International Livestock 
Centre for Africa (ILCA) is currently develo- 
ping an Animal Traction Research Network, 

As one consequence of this greater availa- 
bility and exchange of information and world- 
wide experience, som.e of the views and state- 
ments expressed in “Animal Traction in Afri- 
ca” began to seem dated, and occasionally 
misleading. Thus at the end of 1986 a propo- 
sal was put to GTZ to review the first edition 
and prepare a new one. 

Following discussions between Burghard 
Kehr, Klaus Lengefeld, Henriette Mende, 
Ingeborg Reh, Paul Starkey and myself, it was 
decided to produce a series of specialized 
texts instead of one voluminous book. These 
“Animal Traction Resource Books” will aim 
to include information and experiences from 
around the world, but with special emphasis 
on, and reference to, Africa. Three thematic 
books are envisaged and these are intended to 
be used in close conjunction with the “Animal 
traction directory: Africa”, already published 
in the same series. The themes will be: 
l Harnessing and implements 
l The working animal: selection, training, 

husbandry and nutrition 
l Draft animal power: economic, social and 

environqental aspects 

In this present book, Paul Starkey has used a 
stimulating and fresh approach to combine a 
detailed understanding of the practical prob- 
lems encountered in the field with a compre- 
hensive review of published information. In 
this way the objectives of the revision have 
been thoroughly met in regard to the two im- 
portant topics of harnessing and implements. 

Peter Munzinger 
February 1989 

Siavanga, Zambia 
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A note on desk-top publ&hing 

- 
-l 

This book was created by the authar using “desk-top publishing” (DTP) techniques: With 
the proliferation of computers within agricultural ministries and development projects, 
DTP is likely to become increasingly employed in the preparation of animal traction 
manuals and reports. For this reason some details of the steps and programs invoIved in 
the production of this book are provided for people interested in this technology. 

The personal computer used for the DTP was an “IBM-AT-compatible” (made by Dell). 
Tie text was entered into a conventional word-processing program (Multimate). Some of 
the line drawings were created directly with a graphics program (Publisher’s Paintbrush). 
Drawings from other sources were brought into the same graphics program using a 
Canon flat-bed scanner, and were then edited as necessary. Text and graphics were inte- 
grated within ii specialized DTP program (Xerox Ventura Publisher), and printed by a 
Hewlett Packard laser printer (12 pcls per mm or 300 dots per inch.). This laser-printer 
output of laid=out te%t and drawings Has used as the “camera-ready-copy” required to 
make conventional offset-printing plates at the printen. The original photographs were 
also scanned to produce computer graphics images that could be scaled and positioned 
within the DTP program. A printout of the page layout including the photographic im- 
ages ‘at relatively low resolution (300dpi) was submitted to the printers. Thii enabled 
them to make correctly-scaled high-resolution photographic plates from the original 
photos. The photographic plates were positioned in the offset plates in the appropriate 
gaps left in the “camera-ready copy”. Final printing (on recycled paper) and binding were 
carried out by the printers using conventicrln! techniques. 

. , 
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Pbugh or plow; draught or dr@? 

For those interested in the evolution of janguages, it may be noted that while 
standard English spellings have been used in this text, with each of two com- 
monly used words draught/draft and plough/plow the simpler of the alternative 
spellings has been adopted. ~4.11~ four spellings have been used in the English 
language for several hundred years and there are numerous ancient and recent 
precedents for the shorter, simpler versions, Current North American stand- 
ards arose from the adoption of the simpler variations of the alternative spell- 
ings that were in use in English-speaking countries two to three hundred years 
ago. Although the “ugh” spellings have predominated in British publications 
for the last century, it would simplify terminology greatly if international pub- 
lications used one spelling. Since the simpler alternatives have been used and 
accepted many times in the past, there seems little justification for maintain- 
ing the “I@” spellings. Thus, in a continuation of the precedent set by other 
books in this series, “plow” and “draft” have been adopted here. 
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1: introduction 

I 

1.1 Resource book objective 

The subjedt of harnessing and equipment for 
animal ‘traction is broad. It is important to 
people frdm diverse backgrounds with differ- 
ent levels of experience and education. Pro- 
gramme planners, extension worker& farmers, 
researchers, lecturers and students all have 
need for information on the subject, but while 
some need to start tith very basic Xorma- 
tion, others require concise Yet detailed tech- 
nical content. Ideally there should be many 
different texts to meet these diverse require- 
ments, ranging from simple extension ma- 
nuals, filled with drawings of how to use and 
adjust animal-drawn implements, to specialist 
papers on implement working parameters or 
construction details. Luckily such an “ideal” 
situation does exist, the problem is that few 
people are aware of it! As should become ap- 
parent, there are very many useful documents, 
some widely disseminated and others little 
known, which together cover all the required 
levels of complexity. This book is not de- 
signed to replace these, but to lead people to 
them. 

In past years there has been insufficient liai- 
son between people working on harnessing 
and animal-drawn implements. As a result, 
there has been much unnecessary repetition 
of similar work, and limited opportunity to 
build on the experiences of others. Many mis- 
conceptions have arisen as to which equip 
ment and techniques farmers have used suc- 
cessfully, and which implements farmers have 
found inappropriate. For this reason this 
book is intended to lead readers not only to 
printed sources, but to people and organiza- 

tions with experience of the various topics dis- 
cussed. 

It should be clear thtit this book has not been 
conceived as a technical manual, for this 
would have inevitably fallen into the trap of 
being too simple, too complex, too general or 
too specific to be of wide-ranging value. 
Rather this book is intended as a resource do- 
cument that can stimulate greater exchange df 
informatibn between workers of many differ- 

f ent levels and backgrounds. The objective has 
been to provide a thorough yet readable 
“state of the art” review, that informs people 
not only of further appropriate reading, but 
also makes them aware of organizations that 
may have’ releva‘nt Txperience in the various 
subjects discussed. 

1.2 Context and approach 

In the earlier GTZ book Animal Traction, in 
Africa (Mundnger, 1982) some very useful ad- 
vice was given on harnessing and animal- 
drawn equipment (Viebig, 1982). Another 
widely used source of practical information 
was compiled by French workers in the P9GQs 
and was published in French by CEEMAT as 
Manuel de la culhue avec tractiota animale 
(CEEMAT, 1971). This was subsequently 
translated by FAO and published in English 
as The employment of draught animals it1 agri- 
~tdhrn (FAOKEEMAT, 1972). Both the 
GTZ publication and those of CEE- 
MAT/FAO are still thorough!y recommended 
to the reader, and they are cited on several 
occasions in the following sections. Ncvcrthe- 
less it must be remembered that these books 
were the product of their times, and some of 

-____I 

Harnessing and implements for animal traction 
-. 

13 



., : .l, 
,, .*’ -” ! 

: 
‘, ,̂  -..y\ 

(,. 

~ .’ 

I . 

lntrocluction 
. . 

the emphases and approaches may be less ap- 
plicable today than when they were written. 
For example the CEEMATIFAO publication 
discussed and ‘illustrated several very heavy 
items .of .equipment that had been widely used 
in Europe. These have proved to ‘have little 
application for smallholder farmers in tropical 
Africa. The previous GTZ animal traction 
book also illustrated some of these applica- 
tions, and went on to emphasize more recent 
designs of equipment developed by re- 
searchers in Africa, As it transpired several of 
the illustrated designs (such as the TAMTU 
harrows and double plows) subsequently 
proved unacceptable to farmers, often because 
they were too heavy, too complicated or too 
expensive (Kjzerby, 1983); 

One objective of this present book is to give a 
more realistic impression of the actual situ- 
ation with regard to animal traction in develo- 
ping countries with special reference to Afri- 
ca. It is also intended to provide ideas on fu- 
ture options. It is a specific intention to 
counteract the tendencies of many of those in- 

. volved in animal traction development to 
present over-optimistic and rather euphoric 
views of the application of draft animal 
power, and various wonderful “new” tech- 
niques and designs, The problems of develop- 
ment are seldom that simple. The strong ele- 
ment of caution (considered by the author as 
“realism”) may well be interpreted by some as 
pessimism. This is certainly not the intention 
as the author himself is both optimistic and 
enthusiastic about the potential for draft ani- 
mal power. However in the past decade ex- 
cessive optimism has often given way to great 
frustration among policy makers, researchers, 
extension workers and farmers. Such damag- 
ing disappointments could often have been 
avoided had a more realistic approach been 

adopted, based on existing knowledge and 
previous experiences. 

This background whereby unguarded optim- 
ism has lefl to disappointments -should be 
borne in v .,bd in the interpretation of each of 
the fo” ting chapters. It. is not intended to 
dampep existing enthusiasm, but it is hoped 
that, b;,, highlighting the‘ potential problems, 
the resources and human energy available will 
be channelled in more constructive ways. 

Should anyone read this book from cover to 
cover, they will inevitably be aware of repeti- 
tious themes. In practice fey people read re- 
source books so comprehensively: most 
people gather a general impression from the 
illustrations and captions, and then read only 
those sections of particular interest. For this 
reason key points and key references have 
sometimes had to be included in several sec- 
tions. One recurrent theme will inevitably be 
that technical excellence is only one of many 
criteria to be used when assessing equipment 
and harnessing; farmers require materials and 
techniques that are affordable, sustainable 
and’ usable within the realities of their farm- 
ing systems. 

Finally, in the following chapters and appen- 
dices some implements have been referred to 
by trade names and mention has sometimes 
been made of specific manufacturers. The use 
of such names, and the provision of some ad- 
dresses, is fully in line with the overall “re- 
source book” objective of this publication. 
However it cannot be too strongly stressed 
that the mention of names should net be in- 
terpreted as approval or endorsement of any 
specilic manufacturer or any particular imple- 
ment design. Similarly no significance what- 
soever should be drawn from the lack of men- 
tion of any manufacturer or design. 

- -- 
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2, Some mechanicql 

2.1 A very simplified approach to 
some mechanical principb 

,Many agriculturalists seem to regard mathe- 
matics and physics with trepidation and tend 
to skip over presentations that remind them 
of their previous struggles with these subjects. 
It is therefore not intended to present any de- 
tailed analyses of the dynamics of animal trac- 
tion equipment, with impressive combinations 
of arrows, cosines, integration signs and 
Greek letters. For such technical details 
readers are referred to Devnani (1981), 
Viebig (1982), Crossley and Kilgour (1983), 
Goe (1987) and Matthews (1987). Neverthe- 
less there are a few basic principles, which 
may be combined with common sense to pro- 
vide a useful approach to animal traction 
equipment for people who would not consider 
grapplmg with the more complex theories of 
mechanics. Thus this brief section is intended 
to remind people of basic principles already 
known to them, and give some examples of 
the type of context in which thep can be ap- 
plied. In many cases, even a vague recollection 
of mathematical concepts learnt long ago, can 
help in interpreting and understanding differ- 
ent features of harnesses and equipment. 
Simple principles (rather than learned rules) 
can also be useful when it comes to assessing 
the advantages and disadvantages of various 
designs, and the significance of any modifica- 
tions and adjustments. 

in addition to some basic mechanical princi- 
ples, it will be helpful to be familiar with the 
main units of measurement relating ‘to ani- 
mal-powered implements. The day-to-day ap- 
plication of such units is not essential because 

principles 

comparative performances are more relevant 
than absolute values in the majority of field 
situations: farmers are more concerned with 
whether a. particular combination of animals 
and implement cart achieve acceptable work 
in a reasonable time, than with numbers illus- 
trating weights, draft and power. Nevertheless 
there are great advantages in using standard 
units of measurement since this facilitates ex- 
change of information between people in dii- 
ferent countries; in the past meaningful ex- 
change has been hampered by the wide range 
of different units that have been used when 
assessing animal drawn implements (horse- 
power, kilowatts, kilogram force, pound force, 
newtons, joules, miles per hour, kilometres 
per hour, metres per second, square metres 
per hour, hours per hectare,. acres per day, 
etc.). Whenever practicable, internationally 
accepted standard units have been used in this 
book. Such units are merely convenient 
measures d magnitude, and do not convey 
any information as to the authority or relia- 
bility of numbers, While measurements ob- 
tained under accepted -standard and repeat- 
able test cor?ditions can be widely applicable, 
there are very few standard measurements re- 
lating to animal draft, other than implement 
and animal weight and physical dimensions. 
When draft animals work pulling implements 
in a farmer’s field or at a research station 
there are so many highly specific variables in- 
fluencing the situation that the actual figures 
may have little relevance away from the condi- 
tions in which they were obtained. Thus al- 
though the use of international units is to be 
encouraged, these should not be confused 
with international test standards, and great 
care should be taken when interpreting data 
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Fig. Z-1: Illkrtration of the vertical ancl kviw~tul conqwnen:~ of ah@ forces. 

obtained in different circumstances. Similarly, 
because local conditions are so variable, it & 
generally unwise to ascribe “typical” values to 
agricultural operations. Nevertheless in order 
to make readers more familiar with the units 
that will be used in subsequent chapters, a few 
illustrative ,values of force, work and power 
wiil be given, merely as examples. 

2.2 Forces and vectors 

The first mechanical principles thz.t might be 
recalled are those relating to forces. (Some 
people may even remember that Newton’s 
first law was that a body will remain at rest or 
in straight-line motion unless acted upon by a 
force. His second related to changes in 
momentum and direction of movement as a 
result of forces, while his third was that ac- 

tions and reactions are equal in magnitude 
and opposite in direction). 

The standard unit of force is a newton (sym- 
bol N). The defmition of a newton is based on 
the force resulting from acceleration acting on 
a mass of one kilogram. Since the acceleration 
due to the Earth’s gravity is’about 9.8 metres 
per sec2, the weight of one kilogram mass (on 
most of the earth’s surface) is.about 9.8 new- ’ 
tons, i.e. one kilagrttm of muss weighs about 10 
newtons. Thus although some purists may ob- 
ject, for all practical purposes a newton can 
be simply considered as a unit of force equi- 
valant to 100 grams weight. Thus 10 N is equi- 
valent to one kilogram (1 kg or 2.2 lb)., New- 
ton units are used in this book as these are 
the accepted international standard, and will 
be found in other references. Older texts have 
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generally referred to kilograms force 
(1 kg f -10 N) or pounds force (1 lb f = 4.5 
N). Some authors have used decanewtons 
(dN) which are broadly equivalent to kilo- 
grams and some have used kilonewtons (kN) 
equivalent to 1oOkg force. However for most 
people it should be sufficient to remember 
that dividing the netiton figrue by 10 will give 
the kilogram equivalent. I3y way of illustra- 
tion, a low-draft implement such as a light 
seeder might impose a draft resis:ance force 
of about WN, a small mouldboard plow in 
light soils might require a tractive force of 
SOON while a double mouldboard plow in 
heavy soils might require a force of 2000N. 

In scientific terms “weight” is actually a force, 
since it depends on the acceleration of gravity. 
A body can appear “weightless” in space, even 
though its *‘mass” does not change. The stand- 
ard units of mass are grams and kilograms, 
while it has been noted that the units of force 
are newtons. A spring balance, even one cali- 
brated in kilograms, actually measures weight 
not mass, and will give slightly different read- 
ings at different altitudes. Purists would cali- 
brate spring balances in newtons, whether 
they are to be used as weighing instruments or 
as dynamometers for measuring draft forces. 
However for those concerned mainly with till- 
ing the earth’s surface, gravity can be con- 
sidered approximately constant, and the inter- 
change of the words “mass” and “weight” is 
unlikely to be a source of confusion. For this 
reason, the word “weight”’ will often be used 
in this book in the loose, colloquial sense, in 
which weight is measured in kilograms, rather 
than newtons. 

Forces have direction as well as magnitude, 
and the concept of vectors is useful in stu- 
dying them. Forces can be analysed in terms 
of three axes at right angles to each other, al- 
though many can be considered more simply 
and conveniently as acting in just one plane. 
In such cases a “diagonal” force (such as the 
pull on a traction chain), can be thought of in 
terms of vertical and horizontal components 

(Fig. 2-l). Such a pull has an upward compo- 
nent auid a forward component. If the pull 
were at an angle of 45O, these horizontal and 
vertical forces would be equal, so that as 
‘much of the applied force is being used in 
“lifting” as in “pulling”, If it were possible to 
change the 45O pull into one that was a’hnost 
parallel to the ground, the same force would 
have a much greater horizontal (forward) ef- 
fect. One means of achieving a more effective 
horizontal force would be the use of a very 
long traction chain, and another would be to 
lower the point from which it were pulled. In 
terms of horizontal pull, short-legged oxen 
with a low-hitched harness and a very long 
traction chain would be more efficient than 
long-legged camels with a high hump harness 
and short chain. This exaggerated example il- 
lustrates two points: firstly that agricultu- 
ralists do not have to be engineers to be able 
to consider in a very simpie but useful way the 
forces involved in the application of harnesses 
and equipment, and that such consideration 
may ~~11 lead to ideas for improving field ad- 
justments or over;lll designs; secondly what 
may be theoretically optimal in terms of one 
aspect of efficiency may not be appropriate in 
terms of operational convenience or animal 
availability. Over-long chains make turning 
very difficult and short legged mini-beasts may 
not have sufficient power, speed or endur- 
ance. In practice, design considerations such 
as convenience, cost, availability and even ap- 
pearance may outweigh technical refinements. 

Fig. 2-2 gives a highly simplified diagram of 
some major forces acting on a plow. Some 
readers may have seen comparable diagrams 
with arrows going in other directions. This 
can be explained with reference to Newton’s 
third law, since all the forces cited will have 
opposing forces (the pull of the animals is op- 
posed by the draft of the implement; the 
downward force of the yoke due to gravity and 
the vertical component of the draft is opposed 
by the body of the animal as it stands and 
pulls). Fig. 2-2 is not actually a vector diag- 
ram, as it merely shows the directions of the 
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Fig. 2-2: 
Ilhtrative diagram of some of the forces acting on a plow. 

various forces, not their values. In a mathe- 
matical vector diagram, or triangle of forces, 
the lengths of the sides’ are directly. propor- 
tional to the forces. In practice vectors. are 
seldom included in diagrams of harnesses and 
plows since the actual forces are highly vari- 
able. If a comprehensive picture of all the dif- 
ferent forces (actions and reactions) at work 
during a fie!? operation were to be included 
in a diagram, a veritable spider’s web of ar- 
rows could be created before even venturing 
into tlie third dimension. Fortunately for 
many practical purposes the different forces 
can be considered quite separately, and this 

simplified approach can be particularly useful 
when reviewing selings and adjustments. 

Although emphasis in this discussion has been 
placed on the forces associate! with plows, 
similar forces are involved with other animal- 
drawn implements. For tillage implements 
the Soil resistance to forward movement is 
generally the most crucial. For wheeled imple- 
ments or animal-powered gears, internal fric- 
tional resistance to the rotation of wheels, 
bearings or gears may be at least as important 
as the draft forces between the implement and 
the environment. 
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Summary of the uni cited in this book and some ~qdvale,rts 

I 

Unit8 Symbol Comparisons and approximate conversions 
I I 

kg 1 kg = 2.2 lb; 1 lb = 0.45 kg 
1OOOg =lkg 

t 1 t = 1OOOka - 1 imp ton 

1 km = 0.621 miles; 1 mile zs 1.61 km 
lm = 1OOcm = 1OOOmm = 1.09yard =3.28ft 
1 cm = 0.394 inch; 1 inch = 2.54 cm 
1 mm = 0.04 inch 

second, hour, day s, h d lh=6Omins=36OOs 
I 

,I square metre m2 1m2=l.20scjyd; 1sqyd=0.84m2 
hectare ha Ilha = 10,000 m2 = 2.47acre; 1 acre = 0.405 ha 

I cubic metre m3 ! 1 m3 = 1000 litres = 220 gallons = 35.3 CU. ft 
litre 1 1 I = 0.22 imp gallons 

I 
metres per second 
kilometres per hour 

I 

1; $i :lf&;:;&;;:~,bf zO.10 tonf i 

1 N = 9.8 (-10) kg force (kgf) = 0.225 lb force (Ibf) 

r 

I &uultity 

1 

1 

I rime 

1 Area 
‘I Volume 

4 Speed 

1 

Power 
I 
watt 
kilowatt 

.,, _, ,.’ 
,. -, ,,., ’ :1. ,‘;’ ‘, i I._ 

‘,’ . 
(,.. 

Work and power 

J 1 J = 1 newton metre (Nm) 
kJ 1 kJ = 1000 J =737 &lb 
MJ 1MJ=1OOOkJ=1,OOO,OOOJ - I 
W 
kW 

1 W = 1 joule per second = I Nm se1 
1 kW = 1000 W = 1.34 hp = 1.32 cv; 1 hp =0.75 kw 

2.3 Work and power 

Work involves moving a force through a dis- 
tance. As an implement is pulled through the 
soil, the animal or team exerts a tractive force 
and as it moves across a field, it performs 
work. Work done is not a function of time, so 
that however :long an operation takes, the ac- 
tual work done is the same. Plowing a field to 
a particular standard and depth entails the 
same amount of work (in principle) whether 
it is completed in one morning, in one day or 
in many days, whether the work is done by a 
single animal, a pair, or by a large team, and 
whether the animals pull a narrow plow 
through a iong distance or a wide plow 
through a shorter distance. (In practice there 

may be some small differences since some 
frictional forces vary with speed and surface 
to volume ratio). Although the actual work 
achieved in terms of plowing will be the same 
in all t.he cases cited, the number of animals 
and the rate of work may well have significant 
implications for total energy expenditure. 
(Animals are constantly using metabolic en- 
ergy for maintenance, in a way comparable to 
the non=stop idling of a vehicle engine, so that 
a slow j\\b or one involving more than one 
animal may involve higher metabolic energy 
expenditure; animals also perform work mov- 
ing themselves, so that the shorter the dis- 
tance they travel, the less work they do mov- 
ing themselves; in such cases pulling a wide 
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Fig. 2-3 Some of the factors injhtencing the work ncheived per day by dr# animals. 
On the IeJr side oJthe d&m the shqe* weight, width and working depth of the bnplorrent hugely determine its 

&oft in the prevailing environment, nnd thus the force the animal(s) have to apply to pull the implement. 
On the right side oJthe diagmm the breed, size, weight, training, jitness, temperament and work schedule of the 
animal(s), together with the implement draft, will lmely determine the walking speed md thus the power output 

md, depending on thp di+mnce covered in the day, the resrdting work nchievement. 
Gentm implement draft walking speed md non-~working time are grently injluenced by a wide rs-ricty oj 

interacting environmenta~operarional md human factors, ody some of which nre shown here. 
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---.- .- Work and power 

implement though a s!rort distance will in- 
voive less energy for walking than pulling a 
narrow implement through a long distance). 

The units used to measure work are joules 
(J), kilojoules (W) or megajoules (MJ). A 
joule is the work of moving one newton 
through one metre. Since 1 kg weighs about 
10 newtons, lifting one kilogram through one 
metre is equivalent to about 10 joules of 
work. Similarly pulling a 1000 N force 
through 1000 m (1 km) is equivalent to zbour 
one megajoule of work. By c-g of illustiation, 
during a relatively light w’ -ik schedule, a pair 
of 250 kg oxen might achieve 2.5 MJ of work 
in a day by pulling a 500 N force through a 
distance of 5000 m; in a more rigorous sche- 
dule, a pair of” 350 kg oxen might achieve 
12 MJ of work in a day by pulling a 800 N 
force through a distance of 15,000 m, Seeding 
a hectare of land with a low-draft (200 N) im- 
plement at 60 cm spacing (requiring travelling 
17,000 m) might represent 3.3 MJ of work. 
Similarly plowing a hectare of land with a 
small I5cm mouldboard plow in light soils 
might involve work of 33 MJ (a 500 N force 
through 66,000 m, the distance a 15 cm imple- 
ment has to travel to cover a hectare). In the- 
ory, plowing with a double mouldboard plow 
adjusted to the same depth would involve the 
same amount of work as the draft force would 
be doubled (2 x 500 N) but the distance 
moved would be halved (33,000 m). Plowing a 
hectare of similar soil slightly deeper with 
25cm single (or double plow) might involve 
40 J (a 1000 N force through 40,000 m or a 
2000N force through 20,000 m), 

Power is the rule of doing work, and therefore 
unlike work, power is a function of time. His- 
torically power was assessed in terms of what 
a draft animal might perform, and was 
measured in units called horsepower (hp), 
units that are still quoted today in some coun- 
tries. The “imperial” horsepower unit was 
suggested by James Watt who timed a horse 
and also his new steam engine as they pulled 
weights up a well shaft: he concluded that a 

horse could work at a rate equivalent to lift- 
ing a 550 pound weight through one foot in 
one second. A metric horsepower, or cv in 
French, was very slightly less, being the equi- 
valent to lifting 75 kg through one metre in 
one second (1 cv = 0.986 hp). (In passing it 
may be noted that despite the implications of 
the word “horsepower”, horses in Africa sel- 
dom perform sustained work at a rate of more 
than about 0.6 hp, although during bursts of 
rapid work they may produce very high power 
peaks of 6-7 hp). 

Horsepower units have been replaced by the 
international standard unit of power, the watt. 
and its multiple, the kilowatt. A watt is a unit 
of power is equivalent to one joule of work 
per second. Lifting one newton by one metre 
in one second requires a power of 1 watt (W). 
Similarly lifting one kilogram (i.e. 10 N) one 
metre (i.e. 1.0 joules of work) in one second 
requires a power of 10 watts. A kilowatt (kW) 
is 1000 W and 1 kW = 1.34 hp = 1.32 cv. For 
illustrative purposes, a pair of oxen walking 
quickly at one metre per second (1 m/s or 
1 m s’) and pulling a load of lOOON, produce 
a joirtr work output of 1000 W or 1 kW. A 
single donkey pulling a 200 N draft seeder at a 
rate of 1 m se* works at the rate of 200 W. 

For any particular force or amount of work, it 
is speed that determines power output. Pulling 
an implement that has a draft of 800 N at a 
speed of 0.8 m s-l requires a power of 640 W, 
while to pull the same implement at 0.3 m s‘l 
requires only 240 W. Animals therefore tend 
to adjust their speed in reaction to the draft 
load and the reduction in speed is particularly 
noticeable with cattle. 

It should be noted that while many of the 
terms such as force, draft, work and power 
have specific scientific definitions, they are 
also used in a more general and loose sense 
by agriculturalists and farmers. Subjectivity 
and context can bring to these words a wide 
variety of meanings. For example, oxen are 
often said to be more “powerful” than horses. 

- 
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Fig. 24a: Some high& simplifieeci, illustrative rela&mshipr between force, speed power and time. 
A: lkdraft of an implement increasrr with working width or working depth 
B: As implement dr@ (restitancc jkce) increases, an animal has to exert an equal force in order to pull the 
hlement at a steady speed when the resistance’is greater than the maximum pull of the animal the animal 
may exert a force by straining at the implement, but it will not be able to move it. 
C As the &afi of an implement increases beyond a certain paint, an animal slows down and eventually stops. 
D: As the drafi of an implement increases, an animal increases its power output (power = force x speed), until a 
point when the increase in the force it err& is more than offset by its decline in speed. 
E: An animal with a light load maintains i& normal walking speed for some time; although speed may eventually 
&cli@e. An animal pulling a heavy load statx$ at a slower speed, and noticeably slows with time. 
F: wirh a light load an animal maintainr ik (low) power output for some time, but with a heavy load its (higher) 
power falls ofi rapidly when it tires and slows. The cross-over of tht graphs ikstrates that the power output of an 
animal may be greater when a light load is pulled fat, than when a heavy load is pulled slowly 
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Work and power 

G “Weak” or single on’mal 

fast 
t&t force (lrqhnen? ihfo 

Animal 
speed 

H “Strong” animal or team 

Animal 
speed 

Time Time 

I “Weak” or single admd J “Strong” animal or team 

Animal 
power 

bw 

hsavybrce (hpbmmt hft) 

bhtforce \ 

Time Time 

Animal 
power 

bw 

Fig 2-46: Some highb simplified, illustrative relationships between fame, speed, power and time, showing some 
differences between “weak” and Wrong” animals, or between single atulna and teams, 
G: with u light draft force (lowdraB implement), the ‘keak” or sing& animal is able to walk fast and maintain 
its walking speed but with the heavier load it starts at a slower speed and soon slows down significantly. 
H: wirh a light load the “strong” animal or team consistently walks at a fast speed (but no farrer than the 
‘Weak” or single animal). UGth the heavier load the animal or team starts offat a slight& slower speed than when 
pulling only a light load and maintains the speed well althca,$ it does declines after some time. Xhe “‘stronger” 
animal or team invariabb walh farter than the “‘weaker” or single when pulling the heavy draft. 
I: The ‘Lweak” or single animal maintains its low power output with a light load and since walking speed and 
implement draft are the same as [hose of the “‘strong” animal or team its power output is equal to that of the 
“strong” animal or team (graph J). wilh the heavier load the animal initially provides .“ower at a much greater 
&vet than wifh the light drafi, but this rapidly fall off as the animal tires and slows down. 
J: Although the animal or team is ‘strong”, it cannot apply any more power than the “weak” animal or single 
when it pulls the scune light-draft implement at the same speed (graph I). However with the heavier draft) the 
“sttong” animal or team can maintain a high power output, which only drops off as the animal(s) tire and slow. 

Sources consulted in compiling these illulratiw graphs included: Vaugh, 1945; Hussein et al, 1980; Ayre, 1981; Varshney et al, 
1952; Crossley and Kllgour,l993; Lawrence and Pearson, 1955: Kebede and Pathak. 1957; Betker and Klaij, 1988; Bansal et al, 
1959; Lawrence, 1959; Pearson et al. 1999. 

What is usually meant by this is that oxen may 
be better at sustaining a heavy draft force for 
a longer period than a horse. However be- 
cause of their higher speed, horses can gener- 
ally develop more actual “power” than oxen, 

In any given situation, a very large number of 
different, interacting parameters relating to 
the animal(s), the implement, the harnessing, 
the environment and the human operators 
will determine the amount of work that can 
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be achieved. ‘Some of these are illustrated in , 
Fig. 2-3 and further discussed in Chapter 10. 
However it may be helpful to remember the 
following highly simplified summary. It is the 
implement (its size, weight, width, depth, etc.) 
ano the environment (soil conditions, obstruc- 
tions, etc.) that together determine the draft 
force. These can be effected by the operator 
(settings for depth and width of work, work- 
ing condition of implement, etc.). Since the 
draft is determined by the implement and the 
environment, this will be broadly the same 
whether it is pulled by one animal or many 
‘animals, and whether it is pulled quickly or 
slowly. What is determined by the animal(s), 
is the speed at which the implement is moved. 
The achieved speed (and therefore the power 
output) will depend on the draft of the imple- 
ment, the power and condition of the animals, 
environmental conditions and the behaviour 
of the operator. In response to high draft 
forces or fatigue, animals slow their walking 
pace and take more rests, so redircing the 
work they do in a given time, Some of these 
relationships are illustrated in a simplified 
way in Fig. 2-4. 

Harnesses link animals to implements; while 
they do not alter the actual draft of the imple- 
ment, they can influence how the draft is par- 
titioned between vertical and horizontal vec- 
tors. Harnesses do vary slightly in their effi- 
ciency as transmission systems, so that greater 
or lesser amounts of energy are dissipated in 
the harnessing system itself or in unproduc- 
tive work. Harnesses do rrof alfect the intrinsic 
power of an . animal, which is determined 
largely by its species, size, weight and past his- 
tory. However through ergonomic aspects 0; 
design, notably those relating to comfort, har- 
nesses may influence an animal’s ability 
and/or willingness to use its power. This is dis- 
cussed further in Chnpter 5. 

2.4 Levers 

Much to do with equipment design and ad- 
justment can be explained by reference to 

Fig. 2-5: Pitch aajustment of a plow (eqgerafed). 
A. Heel or end of the landside. 
B. Hake or vert+al regulator. 
Top: Incorrect aa’justment: wheel Lijis off the ground 
and heel digs in too deeply. (Problem: ‘too much 
leverage low down on regulator; solution raise the 
chain attachment. A similar problem k carcsed if the 
chain 5 too short). 
Middle: Cowect adjustment. 
Bottom: Incorrect adjustment: wheel digs into soil and 
heel lifts out of @row. (Problem: too much le:-erage 
high on regulator; solution lower the ci.nin 
attachment. A similar problem is caused if the cfsoin 
is too long). 

principles of levers. The “eveners” used in the 
harnessing of multiple teams are simple le- 
vers, as are yokes. In either case if the posi- 
tion of attachment of the hitching is moved 
from a central position, levers of unequal 
length arc created. The weaker animal re- 
quires a longer lever to help it, while the 
stronger can make do with the shorter one. 
Pressing down on the handle(s) of a plow can 
be thought of as a lever action. The rear of 
the plow-body acts as a fulcrum (pivoting 
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pivoting - 

-7 

Fig. 2-G: Horizontal 
adjustment of a plow 

(exaggerated). 

A). Chain attached to central 
position. Plow cuts furrow 

equal in width to share size. 

B). Chain attached towards 
unplowed land Lever effect 
of the regubztor causes slight 

pivoting around central 
position which causes share 

to cut a narroiver @row, 

C). Chain attached towards 
funww. Lever efict of the 

regulator causes slight 
pivoting around central 

position which makes the 
plow body move tlwough the 

soil slightly “‘crabwise” so that 
the share cuts a wider @row. 

Source: after Starkey, 1981 

No loveqo 

Fig, 2-7 (right): Eveners for a four-horse team 

The front (top) cvener is symmetrical as the two 
front animlr are assumed to be of equal strength. 
Evener B has a short 1. cler of 15 cm to take the force 
of the tint two animal, and a longer lever 
(2 x 15 = 30 cm) to allow rear right-hand animal to ’ 
match this. Evener A provides a short lever for the 
three animals attached to it and a long hver 
(3 x I5 F 4.5 cm) to allow the rear left-hand animal 
to provide eqivalent and balancing leverage, rce: after Hboley, 1984 
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Source; Dfnwlng of Northland Rhino plow after ILO, 1983g 

Fig. 2-8: Three possible rorations: 
dlin~ ya ‘vi an~piM?t~ 

point) so that down&ard leverage on the 
handle(s) causes the share to move upwards 
to a shallower depth. (Such a movement is 
one of the many reflex responses associated 
with plowing; it is most obvious when plowing 
at a reasonable speed in light soils; in heavier 
soils and at low speeds the plow is unlikely to 
be sufficiently in equilibrium to allow the 
operator to distinguish between the different 
leverage effects), 

The width and pitch adjustments of a plow 
can also be understood in terms of levers. 
Moving the chain attachment, or adjustment 
from a central position will cause a slight 
leverage effect, pivoting around that central 
attachment point. Moving the chain in either 
horizontal direction will cause the plow beam 
to pivot round.a little, and the plow body will 
move through the soil slightly crabwise, as 
shown (exaggerated) in Fig. 2-6. If the move- 
ment is toward! the unplowed land, the share 
will be skewed so that it is even more angled 
to the direction of movement, and thus it will 
cut a smaller slice of soil. If the traction chain 
movement is in the direction of the plowed 
land, the share will be pulled round so that it 
cuts a wider furrow. The pitch’adjustment on 
the hake can be viewed in a similar way, as 
shown in exaggerated form in Fig. 2-5. Mov- 

ing the chain upward causes the plow to pivot 
so that the heel rises and the share points 

downwards. Moving the chain down causes 
the he&f to press down and the share to point 
upwards. 

Finally, in practical situations it is rare for all 
the forces acting on a body to be even and 
constant, so that any object in motion (be it a 
boat, aeroplane or plow) has a tendency to 
move in orientation in one or more planes. 
For convenience these are described in terms’ 
of three major planes at right angles to each 
other. The complex movements of an imple- 
ment in use can be systematically analysed 
with reference to these three planes, and in- 
stability can be described in terms of pitching; 
rolling and yawing as illustrated in Fig. 2-8. 

A simple swing plow is relatively unstable and 
thus requires considerable human effort to 
counteract all the tendencies to move out of 
equilibrium. Pilcltirtg (that is when the front 
moves up or down relative to the back, conse- 
quently changing working depth) can be mi- 
nimized by using a land wheel (or skid) and a 
long landside with heel. Rdling (tipping over 
sideways) can be reduced with the use of a 
second wheel parallel to the depth wheel. 
Yawing (moving out of line, moving out of 

’ parallel with the direction of movement) can 
be reduced if the unbalanced side forces caus- 
ing these “crablike” movements are absorbed 
‘by a landsidc and a furrow wheel or coulter. 
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3.1 Harnesses and yokes: 
clarification of definitions ’ 

In both English and French, the word ham&s 
(hamuis) has been predominantly used in the 
relatively narrow sense of the straps and fit- 
tings used for hitching and controlling horses 
or donkeys, and dictionaries in both languages 
ger.arally define harness with reference to 
horses. For working oxen, the hitching 
together has generally involved a rigid yoke 
(‘@~g” iu French), and historically the word 
“yoke” could also be used to describe a team 
of oxen. The French word “at~efuge” has no 
single word equivalent in current English 
usage but refers to the system of hitching ani- 
mals together whether it be the yoking of 
oxen or the harnessing of horses. (La cdhcre 

uttelt?e is often used in the same sense as the 
English phrase drufr a&nul power.) As with 
the word yoke, Wteluge” can also be applied 
to the teams of animals themselves. 

In three influential books published by FAO 
the word harnessing was used in a more 
general sense to cover the yoking o$ oxen as 
well as the harnessing‘ of horses and donkeys 
(Hopfen and Biesalski, 1953; Hopfen, 1969; 
FACYCEEMAT, 1972). This more general use 
of the word harnessing to cover all the ele- 
ments involved in the “transmission” system 
linking the animals to their working imple- 
ments (plows, carts etc.) was maintained in 
the reviews of BArwell and Ayre (1682) and 
Viebig (1982). The main CEEMAT publica- 
tion on animal traction in Africa (CEEMAT, 
1971) used the French word “~zunl~lis” in the 
restricted sense; however in his comprehens- 
ive monograph on the subject Duchenne 
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(1984) opted for the brdader definitian. These 
recent precedents will be followed and in this 
section ‘harnessing will also be used in the 
broad sense of systems for linking animals to 
their workloads and, where applicable, to the 
person Controlling them. 

The introductory definition and etymological 
discussion + not merely to clarify some ob- 
vious confusions arising from evolution in the 
meaning of words. It also illustrates an im- 
portant generalization. For several hundred 
years most English and Freqch words relating 
to the “transmission systems” of animal power 
in both agriculture and transport have clearly 
diffirentiated between the bovine (ox) and, the 
equine (horse, muie and donkey) types. In 
general bovines are hitched with ydkes while 
equines are harnessed with collars oi straps. 
The distinction is not absolute, for there are 
examples of equines being yoked and bovines 
being worked with collars, but if one takes 
either an historical or a geographical perspec- 
tive, it is clear that the generalization appar- 
ent in’ the etymology is almost a universal 
rule, Thus in this section the standard har- 
nessing/yoking systems will be described first, 
and the exceptions will be discussed under 
non-conventional usages. 

. 

The wide range of yoking types falls into two 
main categories, those tied to the horns of the 
animal and those taking power mainly from 
the withers. The “withers” of an animal refers 
to the part of the back that is over the shoul- 
ders, directly above the first thoracic vertebra. 
In Zebu (Bos in&us) cattle the withers are 
immediately in front of the hump. 

Harnessing and implements fat animal traction 
- 
27 



i ,~ , . . .j 

Common harnessing systemas -- 

C 

Fig. 3-I: 
Anatomy of an a;l; showing some harnessing options 

A). Forehead yoke (rure). 
8). Horn/head yoke (regionalty coinmon). 
C). MhersJshoulder yoke {common). 
0). Thee-pad collar (rare). 
E). Breeching strap (rare). 
W). “wirhers” of the anirnaL 

kr various st~~rces including Duohenne, 1984 and CEEMAT, 1971 

In English historical studies on yoking types 
the terms “horn yoke” and “head yoke” have 
been used synonymously, as have the terms 
withers and shoulder yokes (Fentoll, 1973). 
Technically the shoulders are below the with- 
ers, and there are good arguments for drop- 
ping the term shoulder yoke, as it misleading- 
ly implies that the power is applied from the 
shoulders, However the actual meaning of 
withers is not widely understood so that the 
term shoulder yoke can be quite useful in dis- 
tinguishing between different yoke types. In 

French the term jorrg de gurmt is equivalent to 
withers yokes while joug de come and jorig de 
t&e have both been used for horn/head yokes 
(Delamarre, 1969; Duchenne, 1984). 

Horn/head yokes are occasionally used in 
front of the horns, where they are described as 
forehead yokes (Doug fmntd). More commonly 
they are fitted behind the horns, and in this 
position they have sometimes been called 
“neck yokes” (joug de nqte). However the 
use of the word “neck” has been the source of 
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Horn/head yokes 

: considerable confusion in the international 
literature. Hopfen (1960; 1969) classified 
yokes tied to the horns as head yokes and de- 
scribed yokes taking power from the withers 
as “neck yokes”, Ramaswamy (1981) followed 
a similar convention. In contrast FAOKEE- 
MAT (1972) classified the yokes tied to the 
horns as “neck yokes”, and those resting on 
the withers as shoulder yokes. Viebig (1982) 
used a similar classification, although he 
preferred the term withers yoke to shoulder 
yoke. Two recent specialist texts on yoking 
systems have followed the Hopfen delinitions 
and used the term neck yoke to describe the 
withers/shoulder yoke (Devnani, 1981; Bar- 
well and Ayre, 1982). 

Thus although all texts agree that there are 
two very distinct categories of yoke, depend- 
ing one the context and source, the words 
“neck yoke” can refer to either of these differ- 
ent types! Since the neck is defined as the 
part of the body between the head and the 
thoracic vertebrae, both yoke types can indeed 
be claimed to test at one or other extreme of 
the neck. Of the two uses, the l?AO/CEE- 
MAT definition of neck yoke is to be 
preferred since it is a reasonable translation 
of jong de nrcqne, and there does not seem to 
be the same confusion in the French lan- 
guage. One of the authors responsible for re- 
vitalizing the “neck yoke = withers yoke” de- 
fmition subsequently used the clearer and less 
controversial terms head yoke and shoulder 
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yake (Barwell and Hathway, 1986). This may 
imply that the withers application of the tern1 
neck yoke may be decreasing. However it is 
recommended that to avoid further confusion 
over conflicting de.@Mons, the use of the 
term %eck yoke” should be avoided. Thus the 
major yoke types will be classified here as 
homthead yokes (Doug de come/t&e) for those 
tied to the horns, and witherslshoulder yokes 
(Doug de’ garr~r’) for those taking power from 
the withers. 

3.2 Horn/head yokes 
There have been examples in Europe, Latin 
America and Africa of forehead yokes (Doug 
fronrul), tied in front of the horns. While 
single forehead harnesses (Fig. 3-1) have been 
used effectively in Germany, the use of double 
forehead yokes (Fig. 3-2) is very uncommon. 
In one controlled study in Bolivia, using a cir- 
cular, experimental track, forehead yokes were 
found to allow greater maximal force and 
greater oyerall power over a six hour period 
than head yokes tied behind ,the horns, with- 
ers yokes or even three-pad collars (Salazar, 
1981). It seems agreed that forehead yokes re- 
quire more careful fitting and padding than 
other forms of head yoke, and that there may 
be greater risk of injury to the head if they are 
not correctly fitted. Most of the other charac- 
teristics of forehead yokes are similar to the 
more widespread designs of horn/head yokes 
which will be discussed in greater detail. 

Fig. 3-2: &uble forehead yoke of R design evaluated by reseatchets in Bolisiti (dimensions in cm). 

Source: after Duchenne, 1984: Salazar, 
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Most head yokes are tied behind the horns 
Goztg de mque). S.UC?I yokes are comn!ronly 
employed in West Africa, Latin America and. 
Southern Europe, where they are used mainly 
on humpless (taurine) cattle. Simple uncarved 
wooden poles can be used as head yokes 
(Fig. 3-3), but these tend to rotate and slip 
and caanot be recommended. Tt is therefore 
usual to carve the yokes in such a way that 
they both fit the heads and also have grooves 
and protrusions to allow easy and firm attach- 
ment of the ropes or straps (Fig. 3-4) A wide 
variety of shapes is nsed and the carving of 
yokes has become part .of the folk art in some 
countries (de Oliveira, Galhano and‘ Pet&a, 
19’73). There appears to be no evidence that 
the different designs of head-yoke have a sig- 
nificant impact on working i efficiency, pro- 
vided they are properly Lecured. An example 
of a securing system for a horn yoke is shown 
in Fig. 3-5. Ropes or leather straps can be 
used for securing the head yokes, depending 
on local availability. Some light padding may 
be desirable, although a well fitting yoke of 
asmooth wood may itself be less abrasive than 
rough material such as sacking. 

Rhoto: Paul Starkev 

A head yoke must be stroug, but it should 
also be light for maximum comfort to the ani- 
mals. In countries where such yokes are tradi- 

Fig. 3-3: Head yoke in The Gambia., 
Simple uncarved head yokes such as this one are 

diflcult to secure jknly and have a tendancy to slip. 
Note also the nme rein system. 

- 64- Fig. 3-4: 

Drawings of 
head yokes 

(dbnensions in 
centirnetres 1. 

/ 108 
, 

b 

Source: after Starkey, 1981 

- 64 - 

Source: after Fenton, 1969 
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Top: 
Head yoke used 
by Siesta Leme 

Work Oxm 
Programme. 

Below: 
English head 
yoke of 181h 

cenm y 
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Horn/head yokes .- - 

Photo: Paul Starkey 

Fig. 3-5: Method of atmching head yoke to hams 
in Sierru Leone. 

tional, there are favourcd woods known to 
combine these features, and in countries 
where head yokes are being evaluated, local 
knowledge of tree species should be sought t’o 
identify suitable woods. 

Horn/head yokes are most suitable on cattle 
with relatively short and strong necks. They 
require the presence of good horns to securely 
attach the yoke, and fixing the yoke is easier if 
the horns sweep forward and upward, rather 
than backwards or downwards. ,Since most 
draft animals come from cattle breeds with 
horns that are naturally long, the use of head 
yokes should not greatly affect the choice of 
animals, although polled (hornless) cattle or 

individuals with broken or weak horns will be 
unsuitable. Once a head yoke has been firmly 
tied to a pair of animals, they are less free to 
toss their heads and horns. This is often seen 
as an advantage, for it provides greater safety 
and confidence to inexperienced users, par- 
ticularly if the animals are only partially 
trained. Similarly once the yoke is fitted, the 
animals cannot damage each other with their 
horns. However the loss of movement re- 
stricts the ability of the animals to ward off 
flies by tossing their heads, and some people 
consider the loss of free head movement 
causes the animal significant discomfort. 

As head yokes are firmly attached to the 
horns, the yoke can be used ta apply forces in 
several directions. For example, in forestry 
operations animals can lift the ends of logs by 
raising their heads, and they can apply power- 
ful braking forces to restrain a tree trunk 
moving too quickly down a hill (Fig. 3-6). 
When implements and carts are pulled by a 
rigid drawbar father than a traction chain, 
head yokes that are securely fastened to the 
animals can facilitate braking and reversing. 
In similar circumstances, withers yokes that 
are not rigidly attached to the animals may 
ride forward onto the heads of the animals 
(this can be prevented by transferring such 
forces to the rear of the animals through 

Fig. 3-6: Oxen with head yoke logging in Malawi. 
Head yokes cm be used for tifiing, pulling and braking log. Photo: Paul Starkey 

w-m ----_... ll----~.____--l --- 
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Photo: Paul Starkey 

Fig. 3- 7: Example of poy$ fitted head yoke on 
smcx& inexperienced animals in Sierru Leone. 

breeching straps or by suitable bars fitted to a 
cart). 

A well secured head yoke should’ not cause 
skin abrasions, since there should be little 
scope for movement and rubbing. However 
the vibrations of work are transmitted directly 
to the head, which may be a source of discom- 
fort. In addition the lack of movement may 
mean that the neck or head is held in a 
twisted or otherwise uncomfortable position 
(Fig. 3-7). Nevertheless there seems no objec- 
tive evidence to suggest that head yokes differ 
significantly from withers yokes in overall 
comfort, and suggestions of cruelty probably 
relate to occasions when yokes have been in- 
correctly fitted or used. 

Fig: 3-8: Withers yoke lcsed in Ethiopia Fig. 3-9: wirhers yoke lrsed in Zimbabwe. 
A - wooden peg; El - yoke beam; C - wooden; ccetre A - wooden pegs “skeis’: B - yoke beam; 
pegx: D - pndding E - lea&r neck strop; F - kather, C - eyes for steering ropes; D - trek chain; 

thong for tying plow beam (G). E. - leather thongs “Strops’! N.S. - Nomkzl size. 

Source: Cite, 1987 ’ 

Head yokes have been successfully used in 
many parts of the world on both humped 
(z,ebu) animals and humpless (taurine) cattle. 
Although they have mainly been used with 
humpless cattle, they should not be regarded 
as limited to these animals. 

3.3 Withers/shoulder yokes 
Withers yokes are numerically the most im- 
portant system of harnessing in the world. 
The;, are almost universally used in Asia and 
Ethiopia, and are widely used in parts of west- 
ern, eastern and southern Africa and areas of 
Europe and the Americas. They are almost al- 
ways made of wood, although a few projects 
in Africa and Asia have made yokes from 
steel pipe, In their simplest form they are just 
wooden poles with small descending pegs 
(sticks) to restrict lateral movement. These 
pegs, also known as staves or skeis, may be 
joined by a loose rope, chain or strip of hide, 
but this has no draft function and does not 
(or should not) pull against the windpipe 
(Fig. 5-S). The wooden yokes may be shaped 
into double bows to more closely match the 
shape of the withers, thus giving a greater sur- 
face area of contact (Fig. 3-13). Slrclt simple 
shaping may well be the simplest and most cost- 
efective tneam of incmsirtg tile cornfort arld 
therejore the effectiveness of a wooden yoke. 

Source: after AFTC. 1987 & 
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;/ : Withers/shoulder yokes 

Source: after Viebig, 1982; Came et al., W65 

Fig. 3-10: 
iiimnpbs of withers yokes used in Afnka 

Withers yokes can be lightly padded, and in 
Ethiopia the trad,itional yoke is padded with 
sheepskin or cloth covered with cowhide. 
Some designs of withers yokes can be seen in 
Figs 3-8 to 3-13. The ornamental carving or 
painting of withers yokes ha- developed into 
an artform in some countries. 

The descending rods may be made of metal, 
and may join together and in some yokes they 
are in the form of a U that rises into the yoke 
beam during fitting. These are functionally 
equivalent to some traditional European and 
North-American yokes which had’ ascending 
bows made from wooden poles specially bent 
into the shape of a U. More .rarely the de- 
scending rods are joined by a second horizon- 
tal pole to form a frame (Figs 3-N and 3-11). 
The yokes that fully surround the neck with a 
frame or with U- or double-J-rods provide a 
greater sense of security for the operator, but 
are more difficult to remove quickly shotild 
one animal fall. It has been claimed that large 

Scnme: altar Vaugh, 3 g47 

Fig. 3-H: Wthers yokes J?om dierent locations in 
India tested in 1944. Oxen gave significantiy higher 

ai)eruge dynamometer leadings with ihe top four I 
designs than the bottom five designs, ahhough thb 

WCLP not &tarIy correlated with contact su#ace area, 
shape or weight. The yoke that peflormed worst in 

the test WQS the bottom right “improved” yoke. 

bows, staves or rods may provide useful, addi- 
tional surface area against which the shoul- 
ders of an animal can push (Kivikko and 
Rosenberg 1987). However while the main 
beam of a withers yoke is in more-or-less per- 
manent contact with the animal, the move- 
ment of the shoulders means that the staves 
are only in contact some of the time so that 
they mnot be used like a yoke for sustained 
effort, In general, yoke staves Y neither 
spaced nor shhped for work apph, ‘on. To 
attempt to develop them for sucl: USA ++nd at 
the same time avoid rubbing is likely to lead 
to a variation of the three-pad or coiiar-type 
harnessing systems which, as will be discussed, 
have both advantages and disadvantages. 

Withers yokes can be very siniple and easily 
manufactured with little carving. Thus they 
can be cheap although this is not a simple 
rule as some designs in use are quite expens- 
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Photo: Paul Starkey key 

Fig. 3-12: Uncuwed pole withers yoke in Tanzania 
with wooden descending roclr, 

ive and complicated to fit. They allow the ani- 
mals to move their heads freely, and because 
they do not require horns, they can be used 
with polled cattle or even equines. As withers 
yokes are not attached securely they can move 
relative to the skin; unpleasant abrasions or 
yoke galls can develop whf,n such movement 
is prolonged or excessive. Withers yokes are 
designed to transmit forces during forward 
motion only and they cannot easily be used 
for braking carts, or for reversing, unless a 
back breech& strap (or rope) is used to pre- 
vent the yoke moving forward. Such straps are 
seldom used, and the problem is partially 
overcome on carts in India by the fitting of a 
bar on the cart immediately .behind the ani- 
mals. When descending a hill, braking or re- 
versing, this bar contacts the animals and 
takes the forces before the yoke is pushed 
onto the animals’ heads. 

3.4 The length of yokes 

The length of yoke can be important in ensur- 
ing the efficient management of draft animals, 
although it should not affect the actual draft 
power. The more widely spaced are the ani- 
mals, the greater the potential leverage of one 
animal on the other, and the greater the risk 
of accidental damage due to yokes. Farmers in 

Photo: FAO archives 

Fig. 3-13: ,Curved withers yoke in Mali 
There are no descending bars, the y&e being held in 

place by i& cuwature and lose rope ties. 

the central Ethiopian highlands prefer using a 
short yoke when plowing heavy soils as they 
believe it concentrates the forward pulling 
force of the team. Longer yokes are preferred 
on rough terrain because wider spacing be- 
tween the oxen improves both animal stability 
and the ability of the farmer to manoeuvre 
the ard plow (Gee, 1987). In general for both 
plowing and transport it is recommended that 
animals be close together but without actually 
touching each other or the traction chain or 
shaft. The actual dimensions of a yoke should 

Fig. 3-14: Selection of head yokes used at a 
university fbn in Sierra Leone. 

Top: Weeding yoke (nominal size 132 cm); 
Middle: Ridging yoke (N. S. 90 cm); 

Plowing yoke (N. S. 64 cm); 
Bottom Single yoke. Photo: Paul Starkey 
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yoke in Niger, 85 cm for a forehead yoke in 
‘Bolivia and 90 crh for a withers yoke in Zim- 
babwe. If one uses a plowing yoke for ridging, 
to obtain a direct line of draft the furrow ani- 
mal must walk on the previous ridge. This can 
be avoided by using a longer yoke with a 
nominal size of twice the inter-ridge spacing 
to allow the furrow ox to walk in the inter- 
ridge furrow. 

,. ,‘: ‘” ,‘. ,:a , 
.,T ,!“.T r: ’ ,i... . .(I., .,. ,, 

.” 
. 

.,. ‘_ . . .(. I. I 
Single yokes ., 

. 

Fig. 3-15: Ititration of relationship between yoke 
size, share size and line ofdrafl. 
A - Nominal size of plow share. 

B - Nominal size of yoke. 
Figures fin ce&netres) illustrate a 20 cm share 

being used with a 64 cm yoke. If other share sizes 
were rued with th& yoke, the horizontal regulator 

could be used to achieve the approp$ze line of drafr. 

be determined by the breed/species of the ani- 
mal and the operations to be performed. The 
nominal size of a yoke refers to the distance 
between the centres of each animal position 
(Fig. 3-9). For weeding, the nominal size must 
be a multiple of the row‘ spacing. Thus for 
weeding 66 cm rows a yoke with an nominal 
size of 132 cm (2 x 66) is required and far 
weeding 90 cm rows a 180 cm yoke would be 
used. 

For plowing, it is best if the length of the 
yoke ensures that with one animal walking in 
the furrow, there is a direct line of draft to the 
plow (Fig. 3-15). Typical nominal sizes for 
plowing yokes are 64 em for a head yoke for 
N’Dama in Sierra Leone, 75 cm for a withers 

For transport use ‘it may be advantageous if 
the nominal size of the yoke is equal to the 
wheel-track of the cart. This will mean that 
the animals walk directly in front of the 
wheels, and are therefore likely to avoid ob- 
jects that might obstruct or puncture a tyre 
(AETC, 1986). 

It was noted in Chapter 2, that a yoke can be 
considered as a lever, pivoting about the point 
of attachment of the chain or pole. With ani- 
mals of similar strength the levers should be 
of equal length. However should one animal 
be signilicantly stronger than another, this can 
be compensated for by adjusting the relative 
lengths of the levers, by changing the point at 
which the’ chain or pole attaches to the yoke. 
Some North American yokes have special 
slide rings, to allow the driver to make small, 
rapid and precise changes in length of each 
lever (Conroy, 1988). Improvisation is more 
common, for example the draft chain may be 
wound round the yoke once, to the left or 
right of the central attachment position (al- 
though this may also cause the yoke to ro- 
tate). The weaker animal needs more lever- 
age, and so is provided with a longer lever by 
moving the chain towards the stronger animal, 

3.5 Single yokes 

Both head yokes and withers yokes can be 
used with single cattle, but since cattle are sel- 
dom used singly for field operations, single 
yokes are relatively uncommon. In parts of 
China and southeast Asia single buffaloes are 
commonly warked with withers yokes in the 
form of an inverted V. In these same areas 
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Fig. 3-l 6: Use of single withers yoke with water bujJ& in China 
The plow I?S attached directly to the swingle bee. 

cattle are usually worked in pairs, although in 
parts of China single oxen may be worked 
with yokes similar to those used with buffa- 
loes. It is ‘not uncommon for single cattle. to 
be yoked for transport, and a withers yoke 
may be permanently attached to the shafts of 
cart (Fig. (3-21). Single yokes are generally 
employed with relatively large animals. 

Source: Hopfen, 1969 

complicated to set up and work with than 
operations employing a double yoke. The two 
traces and swingle tree seem more liable to 
become caught up under the animal’s feet 
during turning at the end of a row than one 
traction chain or beam. When using a single 
animal, the mutually reinforcing effect of two 
animals is lost. 

A single animal can often achieve, in any one 
day, more than half of that which would have 
been achieved by a pair. This does not necess- 
arily imply greater efftciency of the yoking sys- 
tem; if the animal achieves more it is because 
it is working harder. For very light operations 
(such as single-row seeding in light soil) 
yoked pairs do not have to work hard, so that 
if a single animal works twice as hard as a 
comparable animal in a pair, it can actually 
equal the work of a pair. The implications of 
such a situation for speed, draft and power 
output were discussed in Chapter 2, and illus- 

While with double yokes the implement is at- 
tached to the centre of the yoke, with single 
yokes one attachment point is impractical. 
‘The force of the single animal must be trans- 
mitted from th.e yoke to traces or shafts at- 
tached to either end of the yoke and which 
pass back on either .side of the animal. For 
transport purposes the shafts can attach di- 
rectly to the frame of the cart and the yoke 
may even be permanently fixed to the shafts 
(Fig. 3-20). For crop cultivation the two 
traces are generally attached to either end of a 
small pole known as a swing/e tree, and the 
work load is applied to the centre of this pole 
(Figs 3-16 and 3-17). One possible technical 
advantage of single yokes is that the attach- 
ment points of the shafts or traces are often 
(but not always) lower than they are on 
double yokes. Lower attachments should 
allow a lower angle of pull, so that less of the 
animal’s power is used in “lifting” forces. 
However a single yoking system with side 
traces and swingle trees is generally more 

Fig. 3-17: Swingle trees and evener for joining two 
swingle trees. 

Source: Hopfen. 1969 
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Photo: Paul Starkey 

Fig. 3-M: Single withers yoke of Chinese design 
being tested in Sierra Leone, Note: in this test, the 

rope was tending to constrict the windpipe. 

trated in a simplifed way in Fig. 2-4b. How- 
ever it must be stressed that a single animal 
can only approach or match the daily perfor- 
mance of a pair for a few, light operations, 

The extra work that a single an’imal has to 
perform, compared with one in a pair, is not 
“free”, for it will require more energy from 
feed than when it is worked as part of a pair. 
A working single animal will not normally by 
itself require as much feed as two animals, 
and since there is only one basic maintenance 
requirement, that “marginal extra” amount of 
work can appear quite efticient in terms of 
energy. However the limitations imposed by 
both grazing time and the physical bulk of 
poor roughage makes it difficult for a single 
animal to eat enough during normal grazing 
to make up for the -extra work. For a short 
time this may not matter (the animal will sim- 

’ ply lose weight), but if animals are to be regu- 
larly worked as singles, the extra feed needed 
for the extra work may have to be supplied in 
a more concentrated form as a supplementary 
feed. The “marginal extra” feed can therefore 
be quite costly since concentrated feeds are 
more expensive than rough grazing. If supple- 
ments are required it may well cost more in 
monetary terms to feed a single animal than it 
does to feed a full working pair existing on 
grazing only. Naturally circumstances vary 
greatly, and there will be situations in which it 
is more appropriate or cost-effective to use 
single animals, a.rd others when pairs will be 

, 

Single yokes 
Q 

preferable. It is however totally misleading to 
imply (as some people have done) that simply 
by using a single yoke, one. animal can actually 
replace two animals. 

In many African countries research and devel- 
opment workers have advocated the use of 
single oxen, particularly for light operations, 
such as sowing and weeding, but this has sel- 
dom been adopted (Mitthews and Pullen, 
1976; Starkey, 1981; Viebig, 1982). In the last 
few years research on the yoking or harness- 
ing of single oxen (“monobeou~ in franco- 
phone countries) has increased substantially 
and in 1988 there were few countries in Africa 
without one or more programme investigating 
or advocating the use of single animals. 
Nevertheless this fashion has yet to be wjdely 
adopted by farmers. 

Some of the enthusiasm for single yokes was 
stimulated by the International Livestock 
Centre for Africa (ILCA) which in 1983 re- 
ported “ILCA has found that a farmer does 
not need to have two oxen for cultivation” 
(ILCA, 1983a) for “the assumption that two 
oxen are needed for cultivation has hindered 
progress for centuries” (ILCA, 1983b). These 

Fig. 3-19: Single (XT with heard yoke weeding on n 
university fmn in Sierra Leone. 

Photo: Paul Starkey 
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PhoIo: Paul Starkey 

Fig. 3-20: Demonstration of a single wirhers yoke, swittgle tree and modified maresha plow being used with a 
large ox at an ILCA Research Stution in Ethiopia. In the backg?vund is an earth-moving scoop. 

statements referred to research on the use of 
single withers yokes and shortened ntaresha 
ards for plowing in the Ethiopian highlands. 
The research itself was entirely valid but these 
quotations have been cited to illustrate that 
some of the resulting publicity was dispropor- 
tionate. Although the research itself clearly 
referred to the highlands of Ethiopia, the sub- 
sequent simplification of the research results 
into generalized news items which diffused 
widely led to quite rampant misconceptions 
that ILCA was advocating a general use of. 
single animals in, Africa. In fact, ILCA scien- 
tists had simply been investigating one tech- 
nology option for Ethiopian farmers who had 
only one animal (Gryscels et al., 1’154). 

Much of the early optimism reported by ILCA 
staff had been based primarily on the initial 
on-station studies.’ Wowever when ILCA 
scientists conducted larger scale on-farm 
“verification” studies, they identified. several 
important disadvantages that tended to offset 
the well-publicized advantages. The tradi- 
tional long-beamed ntare~ha is normally at- 
tached directly to the double yoke, and this 
provides the Ethiopian farmers (who work 
their animals single-handedly) with good 

handling characteristics, and allows them to 
easily lift the plow when encountering a stone, 
or when turning. In contrast when a single 
yoke is used, the shortened maresha has to be 
attached to a trailed swingle tree and this a+ 
rangement, with much less rigidity, does not 
provide such stability and manoeuvrability 
(Jutzi *and Gee, 1987). Moreover farmers 
found that with the single yoke, the mutually 
supporting effect of the two animals was lost. 
These reasons, together with cultural influen- 
ces, and the structural problems encountered 
when replacing a long beam with a short 

Fig. 3-21: Single withers yoke permanenily attached 
to the shafts of a trailer in southern India. 

Photo: Paul Starkey 
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beam and skid, led the ‘majority of farmers in- 
volved in the “verification” trials to revert to 
using double yokes. Indeed almost all the 
1200 farmers participating in the trials yoked 
their one ox together with an oxaof another 
farmer for the primary and secondary plowing, 
believing the power of two oxen was required 
for such tillage. While a few farmers used the 
single-yokes for subsequent lighter tillage, 
these represented fewer than 5% of the co- 
operating farmers. As a result it was con- 
cluded that while the siagle$x @lo& might 
have some applications for iecondary tillage 
under fgvourable conditions; it was unlikely lo 
replace the use of paired oxqn in primary land 
cultivation (Jutzi and Goer 1987). Thus the 
traditional double yoke is liiely to remain the 
harnessing system of choice in the Ethiopian 
highlands in the foreseeable future. 

In conch&n, for many years development 
worlr-,rs have felt that distinct benefits-could 
be obtained from the selective use of single . 
oxen. However few farmers in Africa have 
adopted these recommendations. In general 
the more widespread use of single animals is 
otiy likely to occur where standards of animal 
training are high, where single animals are 
SUffiCiCntly Strong tq perftlim the Work easily 
and without the need for much encourage- 
ment and where.there are strong economic or 
social reasons why teams of animals are im- 
,;rzct:cable or undesirable. 

Source: Hooley, 1984 

Fig. 3-22: A suggested (but seldom pmtzctised) system 
for using three horses with .wo eveners in Bolivia 

3.6 Multiple Hitching 

Multiple hitching can be abreast or in tandem 
(one behind another). Animals harnessed with 
collars or breastbands are frequently hitched 
abreast, v&L their two swingle trees joined by 
an cverfer (Fig. 3-22). With equally matched 
animals the work can be applied to the centre 
of the evener, but the evener can be used to 
“even up” the work of animals of different 
strengths. The attachment point is moved 
away from the weaker animal to give it a 
longer lever on which to pull. With large 
teams of independently harnessed animals 

several eveners can be used in a hierarchical 
pattern, but this is very uncommon in tropical 
countries. Through the use of eveners, young 
animals can assist, with work during training 
and different breeds or species can be hitched 
together. However although intrinsically very 
simple, eveners contribute to the overall com- 
plexity of harnessing, and increase the time 
required to hitch up *the harnesses and the 
potential for having the harness tangled or 
caught on an obstruction. When inde- 
pendently harnessed animals are joined with 
eveners, it is also usual to loosely link their 
heads or shoulders with couplings, cords run- 
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Fig, 3-23: 
Photo: Paul Starkey 

Xeam of eight male and female animals being trained in Botswana 
Kke withers pole yokes are linked with chains. 

ning between their collars or bridles to ensure 
they move forward in a parallel manner. 

The hitching of pairs or even single animals in 
tandem has been a common practice for both 
agriculture and transport in many regions. For 
multiple hitching of oxen, chains pass from 
yoke to yoke to lir& the animals, while with 
hitching of horses, donkeys or mules traces of 
the leading pair pass back to additional 
swinglc trees in front of the second and sub- 
sequent pairs (Fig. 3-23). In Europe the em- 
ployment of multiple teams of oxen became a 
standard practice in some areas. In Asia the 

‘use of pairs of animals for crop cultivation is 
the norm but farmers in the heavy black cot- 
ton soil (Vertisol) areas of India frequently 
hitch two or three pairs of oxen to a single 
mouldboard plow to achieve penetration in 

hard soils (Pig. 3-24). In Botswana the use of 
teams of at least three pairs of cattle is the 
normal practice, and teams can have as many 
as sixteen animals in eight pairs. In such large 
teams it is usual to include all available adult 
animals - oxen, bulls, cows and heifers. Inter- 
estingly farmers with fewer than six availabie 
animals consider plowing impraclicable, yet 
there has been little acceptance of the “lower 
draft” farming techniques developed by re- 
searchers between 1970 and 1986. Elsewhere 
in southern and eastern Africa, including 
parts of Angola, Kenya, Mozambique, South 
Africa, Swaziland, Tanzania, Zambia and 
Zimbabwe there are certain areas where it is 
normal for four or six animals to be yoked for 
plowing. In other localities in the same coun- 
tries it is usual to work only two animals at a 

. Fig. 3-24: lko pairs of oxen pulling a reversible plow in Itmdia. 
Photo: Paul Starkey 
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Scwce: after FMWATIP, 1987 

., Fig. 3-2.5: 
Some options for multiple use of donkeys 

Notes: drawings after Botswana extension manual 
The donkey on the fu right has had its chain 

shortened to compensate for its relative weakness. 
Figures show dimensions in cm and men-es, 

time. The use of multiple teams in northern 
and western Africa is uncommon. 

A less common practice is to work yoked 
pairs side by side by hitching both pairs to the 
same implement, usually a wide harrow or le- 
veller. If the traction chains are attached to 
each end of the implement, eveners may not 
be necessary (Fig. 3-25). Such a system re- 
quires large fields if turning is not to be a 
major inconvenience. 

Multiple hitching with yokes does not nor- 
Amally require much extra training, since the 
animals have fewer options for movement, 
and there is son@ mutual training between 
the animals themselves If poorly trained ani- 

Multiple Hitchiltg 

mals are used 
with independent 
hitchttg there is 
considerable 
scope for reins 
and traces to 
become tangled. 

Multiple hitching 
can be usea by 
relatively wealthy 
farmers owning 
many animals or 
it may be or- 
ganized on a 
community basis, 
with individuals 

contributing their own pairs. One obvious ad- 
vantage is an increase in available power. This 
may allow the use of larger implements or 
deeper plowing. For example in Botswana, 
where large teams are worked, very broad 
37 cm plows and some double mouldboard 
plows are often employed. Where animals 
plow in pairs, as in most of West Africa, 15-22 
cm plows are more common. Multiple teams 
are only suitable for large fields, as the time 
and the space required to turn a big team is 
considerable. Inevitably with large numbers of 
animals, operations involving great precision 
are difficult. 

Multiple teams with larger implements allow 
increased output per worker 

~~~~~~~~~!~~~~~~ and per plow. Since teams of 4” ..~p+ y* .+ ?+L.,. Ii,% ,I !:~W>~~~ &&+q ,-!?‘d. ““:$1&.~;‘& A1 it*:<\cp# 3 q&.. ‘ha ~~~~~~~~~~~~~~~ six to eight animals are typi- 
tally controlled by two or 
three people, larger teams 
can lead to a lower ratio of 
workers to animals, which 
may be particulariy advant- 
ageous in areas where ani- 
mals are plentiful. Where 
soil conditions are not ex- 

Fig. 3-26: 
Use of two pairs,of oxen abreast 

for jieid ler~eliiy in India. 
Photo: Paul Starkey 
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treme and where human labour is not in short 
supply, the same number of animals could be 
yoked in pairs entirely independently, each 
pair drawing its own small implement. Simi- 
larly i given number of animals can either be 
hitched to one large cart or several small 
carts. The use of many small teams leads to 
greater manoeuvrability and organizational 
flexibility, but implies more workers and more 
equipment. Comparable arguments apply to 
the relative merits of using a few large% ani- 
mals or many. smaller animals. The ,merits of 
these various options will depend mainly on 
whether one large, combined unit of power is 
actually necessary and whether animals are 
plentiful relative to humans. 

Photo: tienk Dibbits 

Fig. 3-27: A research-extension project in Kenya 
demonstrates the possibility of pIowing with a 

team of donkeys, 

It has been widely assumed that hitching ani- 
mals in large teams leads to :: decrease in 
r ~11 efficiency, perhaps ~1 the order of 
7 : X per additional animal (CEEWT, 1971; 
FAOKEEMAT, 1972). Goe and McDowell 
(1980) quoted figures from the United States 
illustrating that achieved work rates with 
teams of 4-12 horses were not directly propor- 
tional to the numbers of horses used, and 
often the same amount of work could be 
achieved with five horses as with six. The rela- 
tionship between animal numbers and work is 
discussed in Chapter 10. 

large. ‘fields where operations require high 
draft power and where animals are plentiful 
relative to labour and equipment. 

3.7 Harnessing for donkeys and 
hclrses 

In .conclusion, the use of multiple teams of 
animals may be appropriate in areas with 

In a few areas of southern Africa, ;*J;cluding 
parts of Malawi, Mozambique and Zibabwe, 
donkeys are used with wither, yokes, similar 
to those used for cattle (Fig. 3-28). Yoked 
donkeys, horses or mules are also sometimes 
used with padded withers yokes in North Afri- 
ca, Ethiopia, Portugal and the Middle East 
(Fig. 3-29), One reason for yoking equines is . 
simply for convenience and simplicity where 
withers yokes for oxen are already available, 
and where equine harnesses are not easily ob- 

Fig. 3-28: Donkeys fitted with withers yoke fbr 
transpor in Malawi. Yoking donkeys is rare. 

Fig. 3-B: Horses fitted with withers yoke for 
plowing in Ethiopia Yoking horses L rare. 

Photo: Paul St&key Photo: Michael Goe 
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Harnessing for donkeys and horses 

After various sources including: Barwell and Ayre, 1982; 
Pousset, 1982: DLchenne, 1904; Hooky, 1984; Micuta, 1985 

Fig. 3-30: .4ngorny of a horse showing some harnessing options. 

A). Breastband harness (very commonly used for n@Gxdture und trmspor~). 
B). Breech@ strap (uncommon, but usefillfor slowing down equipment). ” 
C}. Bridle and bit (usefid but not essenrirrl). 
D). Full collar harness, &wing its component collar und hames (rarely used in Africa). 
E). Back strap and belly strap (useful if nnbnal supporiing weight of cart or if breaching strap fitted). 

Harnessing and implements for animal traction 43 



,,,I.-’ 
: 

,..,( 
. ‘, ,’ 

“., 
,..,, : 

* 

@timon harnessing ‘systbms 

Photo: Paul Starkey 
Fig. J-31: Horse fitted with breastband harness, bridle tid bit being tued for tine tilkzge in Senegal. 

tamable. In Europe there was a tendency to have pronounced withers to take the strain of 
use head yokes in areas where cattle were pre- a yoke. For this reason, when equines arc 
dominantly used for work, breastbands and yoked the descending bars become incrcasing- 
collars where horses were dominant, and in- ly important for taking the strain, and there 
terchangeable withers yokes in areas where are examples of equine yokes fitted with col- 
both bovines and equines were used (Dela- lar-lie structures to increase the comfort and 
marre, 1969). A comparison of the anatomy of efficiency of power transmission. Indeed it is 
equines and cattle (Figs. 3-1 and 3-30) shows speculated’ that independent equine collars 
that equines are not as well suited to withers 
yokes as cattle. Equines, particularly horses, 

were actually developed from the gradual 

have relatively strong chests but they do not 
augmentation of withers yokes. However it is 
generally agreed that yoking af equines is not 

Fig. 3-32: Donkey @ted with collar mnde from II 
padded moped chain in Mtdi. 

Phota: Paul Starkey 

Fig. 3-33: Donkey fitted with brew&and made from 
a synthetic sack in Senegal. 

{A skin abrnrion from n previous harness is visible). 
Photo: Paul Starkey 
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an efficient harnessing strategy, and ,breast- 
bands or collars are the harnessing systems of 
choice for horses, mules and donkeys. 

The breastband is the simpler and cheaper 
system for donkeys, mules and horses. The 
work force is primarily taken from a broad ’ 
band of leather, rubber or strong canvas ma- 
terial across the animal’s chest. Attached to 
either end of the breast band are the traces 
(ropes or chains) or shafts which pass back to 
the implement or swinglo tree. The breast 
band is held in position by one or more 
straps. Usually there is a neck strap crossing 
the withers and a back strap across the middle 
of the back (Fig. 3-31). These straps not only 
maintain the position of the breast band, they, 
also transmit the vertical component of the 
work, and they are often padded on the back 
and referred to as “saddles”, The back straps 
may be adjustable or made to size. While 
leather is the traditional material for breast- 
band and straps, rubber carefully cut from old 
lorry tyres is increasingly used and pieces are 
sewn together with wire. A study of several 
donkey harnesses in Botswana concluded that 
carefully made and padded breast harnesses 
made from either tyre rubber or from webbing 
could be both cheap and effective (Froese, 
1980). The use of breastband harnesses made 
from padded rope has also been reported 

Froese, 1980; 
Barwell and Arye, 1982 

Fig. 3.34: Qre collm harness. 
Dervlq~d in Botswana, the harness was found 

suitable only for donkeys mdmzking light work 
Lining material 13 stiched onto the old tyre ivolls. 

(Barwell and Ayre, 1982) and in Senegal some 
breastbands are made from nylon rope sur- 
rounded by cloth, contained within an old 
inner tube. 

Breastband harnesses are relatively simple to 
make, but are often of limited durability. 
There are examples of projects developing 
low cost harnesses, but later reverting to more 
expensive materials after frustration with 

breakages (McCutcheon, 
1985). The skin of equines is 
sensitive to rubbing, and 
relatively soft materials or 
paddmg are advisable. Pad- 
ding is particularly import- 
ant if wire is used to join 
synthetic rubber or if ab- 
rasive ropes might rub 
against the skin. 

Horse collars have been 
widely used in Europe and 

Fig. 3-35: Full collar being rmxi 
with horse on GRLX 

training farm in France. 
Photo: Paul Starkey 

._l-----__l~~. 
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Photo: Paul Starkey Source: after Dibblts. 1985 

Fig. 3-36: Prototype ‘Swiss-collar” hameSs tit the University of Nairobi Kenya 
Left: LIonkeys fitted with hnrnesses give an on-station demonstrtztion. Right: Drawing of collar harness 

North America, particularly with larger ani- 
mals. Horse collars are generally made of 
leather, supported by a wooden or metal 
frame usually in two pieces known as Itantcs. 
The traditional European collar comprises 
two metal hamea articulating at the bottom to 
form a U Iitting over the leather collar and 
soft padding made to the size and shape of an 
individual horse. The load is applied to traces 
that pass back from rings attached to the 
hames. For certain operations such as harrow- 
ing there is no need for other harnessing, al- 
though a single back strap and saddle are 
often used in conjunction with a collar to take 
the vertical forces, For carting, or operations 
where braking is important a breeching strap 
is fitted around the rear of the animal and 
one or two saddles are used to support the 
vertical load on the shafts. In Europe horse 
harnessing was not only a highly skilled oper- 
ation, it became a folk art. 

Full collars based on the European style arc 
seldom used in tropical countries. While col- 
lars are employed for heavy transport in 
North Africa, they are seen only rarely in 
Sahelian countries, In most African countries 
horses and donkeys are harnessed with breast- 

bands for both transport and agriculture. 
There hav2 been reports of collars made from 
the walls of cross-ply (nor radial) car or mo- 
torcycle tyres (Fig. 3-34). While there have 
been some reports of such designs being ap- 
preciated by farmers (Froese, 1980, Lawrence, 
1987) there does not seem to have been ap- 
preciable uptake of such collars for equines. 
One reported problem is that tyre harnesses 
distort as soon as a significant work load is 
applied and this together with broken wires 
from the tyre or the stitching can cause da- 
maging skin abrasions (Barwell and Ayre, 
1982). 

Donkey collars made from two padded 
wooden bames linked with a leather hame 
strap and a chain have been developed, but 
these tend to be difficult to make (and there- 
fore expensive) and are often more compli- 
cated to use than the simple breastband. It 
has been argued that the slanting breast of a 
donkey makes breastband harnesses only suit- 
able for light work, and that to benefit from 
the strength of a donkey, power should be 
taken mainly from the shoulders. For this rea- 
son prototype “improved” donkey harnessing 
systems have been evaluated and promoted in 
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Photo: Paul Starkey 
Fig. 3-37: Mih wilt! jhtl ~dlur harness, bwcehing smp anti curt mtdle etnptoyd for trutzsport ill j;~ipt. 

Source: after Zaremba, 1979 Fig. 3-37: Mule tuxmxws for to@ng, 
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saddles and panniers c&n be made of a variety 
of local materials, but generally incorporate a 
simple wooden frame to protect the- spinal 
processes. This is secured by one or more 
girth straps, a breast band and a breeching 
strap or tail ‘rope. Pack saddles and other 
transport issues are covered in Chapter 8. 

Source: Barwell and Arye, 1982 

Fig. 3-38: Some harnessing options for 
horse&awn carts involving (bottom) 

the use of fimt swingle trees. 

Kenya and Zambia (Dibbits, 1984,1985,1986; 
Fig. 3-36). Several artisans in Kenya and 
Zambia have been trained to make these har- 
nesses but initial adoption rates by farmers 
have been slow, despite considerable publicity 
efforts. At the time of writing, these harnesses 
had not yet passed the test of long-term 
farmer acceptance and while it is too early to 
say whether significant numbers of farmers 
will go on to adopt these designs, it would 
seem prudent at this early stage tQ balance the 
reported optimism with a degree of caution. 

Donkeys and horses are the pack animals of 
choice in many parts of the world. Traditional 

3.8 ,Harnesses for camels 

Camels, are widely used for pack transport in 
arid areas and sometimes they are used to pull 
carts and power irrigation systems or grinding 
mills. The fact that camels have la high value 
for transport operations generally restricts 
their employment for agricultural aperations. 
The long legs of camels allow them to cover 
ground quickly, but this height poses some 
problems for effective harnessing. Unless the 
traces of a camel harness are long (making 
turning ‘difficult), the angle of pull is quite 
large, giying a significantly higher ratio of 
“lift” to “pull” than with less tall animals (see 
Chapter 2). Nevertheless it is not uncommon 
for camels to be used for crop cultivation in 
parts of North Africa, the Middle East, Pakis- 
tan and Rajasthan in India. In S‘ub-Saharan 
Africa the number of camels used for crop 

*cultivation is very low, but it is reported that 
camels are being increasingly used for plowing 

Fig 3-39: Camel harnessed with withers harness 
made of leather being used to plow in Ethiopia 

Drawing: Alan Foulds 

Alter photo by 0. GBrard in Mukasa-Mugerwa, 1985 
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Harnesses for camels 

Photo: Jean-Louis Arracharl 
Fig. 3.40: Camel pulling Arara plow in Niger. Note large angle of pull 

in parts of Sudan, Ethiopia, Mali, Niger and 
Nigeria. Although collars can be used with ca- 
mels, simpler and cheaper systems are usual. 
A photograph and description of camel col- 
lars in Niger were provided by Fort (1973). 
These had padded wooden hames and were 
held in place by back and belly straps, but it 
was found that withers yokes were actually 
more appropriate for cultivation work. The 
single camel withers yokes used in Niger were 
made from old lorry springs, well padded and 
fitted with large rings at each end to take the 
traces. They were held in place by a belly band 
and also smali saddle and neck bands (Fort, 
1973). 

Fig 3-41: Withers hnrneuses for camels. 

In other countries, including Ethiopia, a 
broad piece of padded leather or webbing can 
act as a single withers yoke, with tracts run- 
ning from this harness to the implement or 
swingle tree. The harness may be held in place 
by a breast band and also by a strap or cord 
passing behind the hump (Mukasa-Mugerwa, 
1985). Pathak (1984) provided a drawing of an 
Indian plowing harness made of rope passing 
over three pads to the front of the hump, 
under the chest and at the withers (Fig. 3-42). 
This apparently provides a large surface area 
of contact, but appears also to constrict the 
chest. Rathore (1986) provided a drawing of a 
plowing harness with tiaces attached directly 
to a saddle, itself held in place by a single 

Fig. 3.42: Camel harness mnde of cord, 
m r:sed in India 

Source: Duchenne, 1984 Source: 

(after Ringlemann. 1905) Pathak. 1984 
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breastband. A similar system is used in Sudan 
(Wi!son, 1984), and parts of Niger (Arrachart, 
19gS),. and in both countries a child may ride 
the camel as the farmer plows (Fig. 3-40). 
One design of padded plowing saddle (or back 
yoke) from Niger that is made from old spring 

Fig. 3-44: Simple leather halter recommended for uve 
irt Zimbabwe. 

Source: AETC, 1986 

Fig. 3-43 a ,vad b: 
Prototyp hump harness based on 

traditional design and made bJ 
artisuzs in Niger. 

Photos: Jean-Louis Arrachart 

steel that fits over the camel’s hump 
is shown in Fig. 3-43. The main dis- 
advantage of back yokes on camels 
is that the attachment points for the 
traces are high on the animal, giving 
a large angle of draft. 

Camels are used much more widely 
for transport than for pulling imple- 
ments. Several illustrations of tradi- 
tional pack saddles for camels were 

reproduced in the books of Wilson (1984) and 
Mukasa-Mugerwa (1985). For cart transport, 
a broad, padded withers harness is often used . 
to provide the forward movement while a 
saddle over the hump takes much of the verti- 
cal load by supporting one or more straps, 
cords or even chains attached’ to the shafts. 

3.9 Reining systems 

While traces are used to take the work load, 
reins are used to control the animals. Reins 
are not universal, and both bovines and 
equines can be trained to respond to voice 
commands. Steering reins are seldom used in 
conjunction with long-beam implements 
which can provide relatively direct contact be- 
tween the operator and the animals. For reins 

Fig. S-45: Two rein attachment options for equines. 
Leji: halter (no mouth bit). 

Right: bridle wit/r mouth his and blinkers. 

Source: after Zaremba. 1976 
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Reining systems 

u SoUrCe: after Starkey, 1981 

Fig: 3-46: Xwo reining options suggested for me in 
Sierra Leone. 

to be effective they must be secured around 
the head of the animal. In cattle the attach- 
ment can be a nose ring, a nose rope or a 
rope around the horns. Nose rings lead to ex- 
cellent control and are particularly useful for 
giving confidence to handlers unfamiliar with 
workmg animals. However they are relatively 
expensive, difficult to obtain and involve the 
piercing of the nasal septum. A cheaper sys- 
tem that also involves puncturing the septum 
uses rope in the form of a ring; or in a form 
of a halter running from horn to horn though 
the nose. A nose peg attached to a rope has a 
similar function. Unfortunately ropes made of 
natural frbre tend to rot, while synthetic ropes 
tend t.o slip. Ropes left on the head can 
become entangled in shrubs during grazing. 
Reins tied to the horns avoid some of these 
problems, and risks but do not give such sensi- 
tive control. 

For equines and sometimes for cattle a halter 
made of leather straps, ropes or rubber strips 

Fig. 3-47: A system of tying rein wound ear. 

that fits around the head of the animal can be 
used (Fig. 3-44). The use of a leather bridle 
that holds a metal bit behind. the teeth of a 
horse, mule or. donkey leads to particularly 
good control, but this is not always considered 
necessary (Fig. 3-45). 

All animals may be led from the front by 
reins, but this is generally regarded as both 
unnecessary and undesirable for well-trained 
animals. Nevertheless in most African coun- 
tries other than Ethiopia it is a common prac- 
tice for one person to lead working animals, 
while a second person controls the imple- 
ment. A third person often has the duty of en- 
couraging the animals, making work with 
draft animals very labour intensive. Since it is 
an established fact that well-trained animals 
can be controlled by a single person, there 
would seem to be great potential savings if 
farmers were to invest in suitable reining sys- 
tems and animal training. Indeed, investment 
in such training during a slack period of the 
farming year should release 1aboJr during the 
critical labour-bottlenecks during the cultiva- 
tion season. If reining and training could 
achieve such benefits, it would seem to be a 
useful area for extension emphasis and there- 
fore many programmes in Africa place much 
emphasis on “improved” systems of training 
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and r&ning’ (Starkey, 1981; AETC, 1986; 
Mungroop, 1988). wevertheless such obvious 
solutions are seldom as simple as they appear: 
firstly farmers argue that the animals are 
tisuaIly guidLa’ by children and youths, for 
whom the opportunity cost for alternative 
farm work, may be low; secondlj; some farmers 
warn that well-trained animals represent a 
greater risk, since they are more easily stolen 
by strangers than are less docile animals; 
thirdly, some farmers argue, the @maIs are 
only used for a short period each year, and 
may be sold for meat after just a few seasons, 
making it difficult to justify the time needed 
to train animals and keep them in training. 

Reining systems recommended by extension 
programmes involve reins passing backwards 
from nose rings, halters or bridles to the oper- 
ator. They are used, in conjunction with ver- 
bal commands, for steering and for stopping 
the animals. (Figs 3-48, 3-49 ) When two ani- 
mals are use&. one rope or strap joins the two 
nose rings 01’ halters and one rein passes from 
the outer side of each animal. For improved 
control reins can loop round the ears of the 
animals (perhaps with some’padding) (Fig, 3- 
47). It is evident that for the welfare of the 
animals, care should be, taken when tugging at 
reins looped round ears or attached to nose 
rings. 

Photo: Paul Starkey 

Fig. 3-48: Nose-ring reining system for single ar, 
being used on-station in Sierra Leone. 

Reins are useful in the early stages of working 
with draft animals, but they can often be dis- 
pensed with when animals are well trained, 
for they represent one more item to fit and 
one more possibility for entanglement. 

. 
Fig. 3-49: @stem of reins recommended far use in Zimbabwe. 

A - Halta; B - Coupling; C - Steering mpe. 

A 

Source: after AETC. 1986 
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4. Less common harnessing systems 

l 

4.1 Full-collars and three-pad ‘. 
harmsses for cattle 

Although it is common, perhaps almost con- 
ventional, for people to advocate that cattle 
should be harnessed with collars, harnessing 
collars are seldom actually rrsed in Africa 
(outside the confines of research stations or 
small, charitable development projects). . For 
this reason they are discussed here as 12032- 

corrvorttionol ,harnessing systems, in order to 
stress that, to. date, they have not been widely 
adopted. In Europe, collars for horses spread 
rapidly after the eleventh century, and for sev- 
eral hundred years in Europe horses were har- 

nessed with fuli collars for heavy work and 
with breast-bands for lighter work. As the 
horse collar spread, so collars were developed 
for use with oxen. Ox collars were adopted in 
some localities in Europe (Steinmetz, 193G), 
b’dt they were never employed to the same ex- 
tent that horse collars were used. In Europe 
head yokes, withers yokes, ox-collars and flex- 
ible harnesses coexisted for centuries without 
one clearly dominant oxen harnessing system 
emerging. More recently ox-yokes and collars 
coexisted in North America. 

While wooden yokes for oxen appear to have 
had worldwide dominance on farms for cen- 

. 

Fig. 4-P: Full co&r harmss on a British ox C&m and y&es co-txkted in Britain for many years. 
Photo: Archiws of institute of Agricuiturai ii;&xy, Reading 
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Fig. 4-2: Tl,ree-pad collar harness being used at the University of East Anglia, UK 

turies, innovative farmers and researchers 
have repeatedly tried to develop more 
efficient and comfortable harnessing systems, 
and have several times developed different 
forms of bovine collar. The three-pad collar 
harness for oxen was one such innovation, 
developed in Europe this century. In response 
to a shortage of draft horses prior to and 
during the Second World War, farmers in 
Switzerland had to harness cattle for work. 

The full “Berne” ox- 
A collar (Fig. 4-3~) was ex- 

pensive and complicated 
to make, and a simpler 

derivative, the 3-pad collar was developed by 
the Federation suisse d’elevage de la race ta- 
chetee rouge (FSERT) (Wenger, 1938; 
FSERT, undated; Micuta, 1985). The three- 
pad harness was apparently well received, 
spread quite rapidly in certain areas, and is 
still used to a very limited extent in parts of 
Switzerland ,and Germany. The harness coni- 
prises two wooden hames, hinged by leather 
straps at the top, and joined by a removable 
chain at the bottom (Fig. 4-3a). The hames 
are shaped to exactly match the contours of 
the animal, The shoulders of the animal are 
protected from direct contact with the hames 

Fig. 4-3: Swiss Fndependent harnessing systms for cnttle, 
A - 3-point collar; 13 - Single wither9 yoke: C - Berm coliar; II - 3-point collar. 

Source: FBdBration suisse d%levage de la race tachetbe rouge, c. 1941 
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Photo: Paul Starkey 

Fig 4-4: Three-pad collnr harness being dernonstmed af the Unisersity of Nairobi, Kenya 

by two pads, traditionally made of leather 
stuffed with animal hair, but more recently 
made from canvas or sack cloth. The third pad 
is attached to the upper strap which rests on 
the withers. 

Many authors have highlighted the advantages 
of the three pad harness in increasing the sur- 
face area of contact, lowering the angle of pull 
and increasing the comfort of the animal 
(Hopfen, 1969; Barton el ul., 1982; Micuta, 
1985; Dibbits, 1986). However three-pad har- 
nesses are much more expensive to make than 
yokes, and are more complicated to fit and 
use. Collars and three-pad harnesses have 
been assessed in many African countries, but 
have not been adopted by farmers to any sig- 
nificant extent. Recent artisanal training 
schemes in Kenya and Zambia have shown 
that it is feasible to make such harnesses at 
village level (Dibbits, 1985). However such in- 
itiatives have not yet demonstrated that the 
technology can be sustained by farmers pur- 
chasing the harnesses from the artisans. 

4.2 Tyre collars and flexible 
harnesses 

Full collars and three-pad harnesses are ex- 
pensive to make, but collars for cattle and 
buffalo can also be made from old car or mo- 
torcycle tyres. These have been evaluated in 
Botswana (Froese, 1980), Scotland (Lawrence, 

Fig. 4-5: Proratpe tyre collar tested at CTVM 
Edinburgh. 

Source: Lawrence, 1987 
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Photo: Bob MunrolCNM 

Fig. d-6: Tyre collar hwness being tcsted on ergometer brzck at the 
Centre for Tropical Veterinary Medicine, University of Edinburgh. 

1983), Malaysia (Kehoe and Chan, 1987) and 
Thailand (Van Koeverden, 1987). Tyre-collars 
have some of the advantages of more conven- 
tional collars (low hitch point, large surface 
area for applying work) while being substan- 
tially cheaper. However since they have no 
wooden hames, they distort more easily than 
three-pad harnesses, causing the effective sur- 
face area to be reduced when the collar is 
under strain. There are also reports of dis- 
comfort caused by the attachment ropes and 

Fig. J- 7: European design of flexible withers 
yoke/harness mude Jrom lentha: In operation it was 

similar to the Swi.;s G/hers yoke (Fig, 4-3). 

rwell and Ayre, 1982 

the materials used to join the tyre sections 
(wire or bolts). Kehoe and Chan (1987) found 
that tyre collars became uncomfortable to 
buffaloes if they became hot, and so they rec- 
ommended they only be used in shaded condi- 
tions, such as beneath oilpalm trees, Although 
tyre collars have been found acceptable in on- 
station trials, there has been little adoption by 
farmers, and so, as with all non-conventional 
systems, the technology should be treated with 
some caution. 

Fig. 4-8: Prototype flexible withers yoke made from 
sacking [zs tested in Zimbabwe. 

aatwsll and Ayre, 1982 
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Collar-type yokes 

Another system designed for sin& or inde- 
pendently hitched animals is the flexible har- 
ness. In its simplest .form this operates like a 
single withers yoke made of flexible material 
such as leather, tyre rubber, sacking or web- 
bing, to which the traces are atrached. In 
order to prevent slippage bnd allow forces to 
be spread, a breast band may bz attached, as 
may be a series of back straps and girth straps. 
Flexible harnesses held in place by a series of 
leather straps were used with cattle in Eu- 
rope, and have been experimentally evaluated 
in Zimbabwe (Barwell and Ayrc, 19$2) and 
Malaysia (Kehoe and Chan, 1987). The flex- 
ible harness has some of the advantages of 
collars (low hitch point, large >:irface area) 
and also some of the disadvanl .iges (more 
complicated to fit and use than I; yoke), To 
date there has been no significant farmer 
adoption of such harnesses in Africa. 

4.3 Collar-type yokes 

In some Mediterranean countries equines 
have been yoked together with a traditional 
design of withers yoke that has padded, de- 
scending processes, designed to allow the ani- 
mals to push from their shoulders as well as 
their withers. Comparable collar-yokes de- 
signed for oxen have been developed in India 
(Vaugh, 1945, Varstrley et al, 1982) and Ban- 
gladesh (Hussain et al, 1980) and many simi- 
lar designs have been tested in Africa (Fig. 4- 
9). A similar concept was used in rhe develop- 
ment of the “Allahabad” yoke in India, which 
is not unlike a pair of three-pit harnesses 
linked with a metal yoke (Swam,. -lao, 1964; 
Ayre, 1982). Collar-type yokes CI’ -Gne some 
Fig. 49: Proiofy~ collar-typ yoke belt: _ lested by a 

mission in Zambia. 
Photo Paul Starkey 

Source: Vaugh, 1945 

LJ ‘-22J 
32 &me: after Hussain et al., 1980 

Fig. J-1 0: Prororype collar-typ yokxx 
Top: Design tested on-station in India and found to 

be significantly inferior to traditional designs, 
BecOw: Design tested on-station in Bangladesh and 
found to be comparable to, or slightly better than, 

traditional yokes. Dimensions in centimerres. 

of the advantages and disadvantages of collars 
and yokes. Collar-yokes do not require inde- 
pendent hitching arrangements, which can be 
both beneficial (no need for traces and 
swingle trees) and disadvantageous (the rig- 
idity of yokes is sometimes criticised for caus- 
ing discomfort and restricting free move- 
ment). The hitching height of collar yokes is 
often intermediate between that of a tradi- 
tional withers yoke and a full collar or three- 
pad harness. 

Simple collar yokes appear to offer increased 
comfort through larger contact area and pad- 
ding without a great increase in cost or com- 
plexity (although it should be noted that the 
Allahabad yoke was significantly more expens- 
ive and complicated than a traditional yoke), 
Some prototypes have performed very favour- 
ably in on-station trials, although it should be 
mentioned that in trials in India in the 194Os, 
an “improved)’ collar-type yoke performed 
significantly worse than all traditional yoking 
designs evaluated (Vaugh, 1945). Nevertheless 
recent farmer adoption of collar yokes has 
been minimal. Indeed some designs that were 
initially hailed as important breakthroughs in 
harnessing research (such as the Allahabad 
yoke) are actually no longer used even on the 
research stations where they were developed. 

-- -- 
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4,4 The merits and demerits of 
collars for oxen 

Most of the criticisms of collars for oxen re- 
late to their relative cost and complexity com- 
pared *,vith simple yokes rather than their 
tech&A efficiency. However one ox team 
driver from the United States has recently ar- 
gued (on the basis of observation and opinion 
rather than measurement) that collars are not 
technically appropriate for oxen (Conroy, 
1988). Conroy (who by voice alone can en- 
courage a yoked pair of oxen to pull over 
twice its weight on a flat sledge) argues that a 
well-fitted yoke is more effective, since collars 
tend to interfere with the animals’ mobile and 
relatively pointed shoulders and slide out of 
position when the oxen lower their heads dur- 
ing work. The key words here may be “well- 
fitted”, for any poorly fitted harnessing system 
is likely to be inferior to a well-fitted one. 

Most of the arguments in favour of collars re- 
late to claims that collars improve the power, 
work outpm or efficiency [seldom defined) of 
working cattle. In formulating rrcommenda- 
tions for Botswana, Orev (1977) claimed “The 
horse collar harness has been found to in- 
crease the draught power 4-5 times, as com- 
pared with P yoke, therefore short of actual 
trials it is safe to assume that the 3-pad har- 
ness can double the draught power available 
in the country”. Micuta (1985) observed “The 
significant advantages of using a collar har- 
ness rather than a yoke are universally recog- 
nised. In 1920 Ringlemann established that an 
ox equipped with a collar could accomplish 
the same amount of work as two oxen at- 
tached to a yoke”. While this latter statement 
could be true for light work it is most unlikely 
to apply to heavy work. Such comparisons of 
yoked pairs and single harnesses tend to con- 
fuse the effects of single verr~ls double har- 
nessing with those of collar V~PX~IS yoke. 

Claims that collars per se increase power or 
efficiency by 48-70% compared with yokes 
should be treated with great caution and close 

attention to definitions. For example “Garner 
showed that the horsepower increased 70 per- 
cent when he replaced the yoke with a breast 
strap harness” (Vietmeyer, 1982) and “Garner 
demonstrated that a collar harness increased 
pulling force of buffaloes by 50%” (Micuta, 
1985). These and several other authors have 
implied that the work of Jean Garner (1957) 
in Thailand had effectively proven the greater 
efficiency of bovine collars. Through citations 
such as those quoted, Garner’s unpublished 
tests have acquired a totally unwarranted mp- 
tique of conclusive experimentation. In fact 
Garner had simply run a few tests in which a 
few buffaloes were harnessed with yokes, col- 
lars and breastbands and measurements were 
taken of the maximum sledge weight they 
would pull and the time required to pull a 
340kg sledge along a 5OOm track. In the 
limited tests, the breastand performed best, 
followed by the collar and the yoke. No statis- 
tical analysis was performed, but percentage 
differences were presented. Based on the time 
required to flu11 the sledge, the computed 
power output was 390W with a single withers 
yoke, 58OW with a collar and 66OW with a 
breastband, representing relative percentage 
increases of 48% and 70% for the collar and 

Fig. J-11: These pmtotyyx %!uhabad” 
single and double harnesses peqormed 
well in some resemh shddies, but tky 

were not adopted by farmers. 

&WCe: Ayre, 1961: Barwell and Ayre, 1982 
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breastband respectively. Although Garner was 
an enthusiastic advocate of bovine harnesses, 
immediately after presenting his data (in the 
very next sentence),‘he himself noted that his 
statistically unreplicated tests were “not as- 
sumed to be concl~ive due to the limited 
trials”, and he considered “more work should 
be done under actual field conditions”. Unfor- 
tunately other writers have tended to ignore 
Garner’s caution and have simply quoted per- 
centages, giving them a spurious authority. 

While Micuta (1985) referred to the original 
trials of Garner as evidence for the claims, 
some other authors have simply referred to 
Micuta’s work. This is despite the fact that 
Micuta himself did not claim to have carried 
out objective experimental work. For 
example, de Vries (1986) stated “Dr. Micuta 
has tested the [Swiss] collar in Switzerland 
and Kenya. It can be adapted for use with 
oxen, donkeys and horses. Not only does it in- 
crease pulling power by 50-lOO%, but it also 
lengthens the useful working life of animals”. 
Such reports in newsletters and magazines 
have given many people who do not have ac- 
cess to the primary sources the impression 
that the dramatic efficiency claims for bovine 
collars have been proven. However such ob- 
jective experimental evidence as has been ob- 
tained is less convincing. 

Swamy-Rao (1964) undertook tnore repli- 
cated research on harnessing on a research 
station !o India. His trials involved the taking 
of 50,000 dynamometer readings and during 
the tests the pair of bullocks covered a total 
of 1,400 km under a variety of work schedules 
(Ayre, 1981 and 1982). Detailed comparisons 
were made of single or double bovine collars 
of the innovative but expensive “Allahabad” 
design (Fig. 4-10) with sir&e back harnesses 
(Fig. 4-14) and traditional, double withers 
yokes. During sledge-pulling and plowing 
trials, oxen harnessed with withers yokes 
worked at a rate of 570-103OW while similar 
oxen with the collar-type yoke had a power 
output of 670-13lOW. Oxen harnessed with 

of collars for - oxen 

the back saddle had an output of 450~96OW in 
comparison with 540~9f~Ow for the single col- 
lar-type yoke. $ince the mean draft (imple- 
ment resistance) was not constant within 
trials, it is difficult to make direct compari- 
sons between these figures, but the higher 
work output was related to higher averag.: 
walking speed. In some trials the back yoke 
out-performed the single collar-type yoke, but 
in all trials between the double-yoke systems 
the collar-type yoke appeared to give better 
results, and it was concluded that the “Ailaha- 
bad” collar-type yoke resulted in 14%. more 
power and allowed animals to work 30% 
longer without major power lose. Its esti- 
mated cost of about three times the price of 
the traditional yoke should have been re- 
covered through increased farm income in 
two years on a holding of about 3.5 hectares 
(Ayre, 1981 and 1982). In more recent on-sta- 
tion trials, the “Allahabad” yoke was found to 
be inferior to two traditional yokes, and supe- 
rior to two others. The basis for this selection 
was the degree of physiological stress (rise in 
temperature, pulse and respiration) suffered 
by the animals (Varshney er al., 1982). How- 
ever from the data presented, such “stress” 
may well have been associated with quicker 
walking speeds and faster rates of work. 

In replicated experiments in a controlled but 
unnatural environment in Edinburgh, an 
ergometer and gas analyser were used to 
determine the ratio of work accomplished to 
energy expended for some buffaloes and 
Brahman cattle fitted with different harness- 
ing systems (Lawrence, 1983). Buffaloes with 
withers yokes worked at 35.4% (rl.03) net ef- 
ficiency, while those with collars worked at 
38.8% (*1.30). Under similar conditions 
Brahman cattle with withers yokes worked at 
28.9% (kO.68) efficiency, while those with col- 
lars worked at 31.1% (40.89). This indicated 
that collars improved the net efficiency of 
work by about 3%, a figure that was just stat- 
istically significant (p-0.05), (Lawrence, 
1983). Clearly this figure of a 3% improve- 
ment in recorded net efficiency is well below 
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claims ,of high percentage improvements in ef- 
ficiency made by authors working udder less 
coatrolled conditions. One reason is that 
Lawrence’s percentages refer to the calculated 
effic:encies ,of each yoking system (work done 
relative to actual energy expended over that 

4.5 Harnesses for mixed teams 

normally dissipated when walking without a 
load). The 3% increase in the recorded net ef- 
ficiency of the collars in compari$on with 
withers yokes represented’ a 7-9% relaiw im- 
.provement of collars over yokes. ’ 

S In field trials in Burundi comparable statisti- 
cally significtit increases in net efficiency of 
l-2% werg recorded (Barton,, 1985). However 
Barton, who had previously advocated the use 
of three-pad harnesses (Barton et al., 1982) 
concluded that bovine collars were unlikely to 
be adopted in developing countries as such 
modest increases were unlikely to justify their 
cost and complexity compared with yokes. 

The experimental and anecdotal evidence 
does then suggest that :bovine collars may well 
be intrinsically more efficient than head 
yokes, withers yokes and !,ack yokes. However 
there seems no hard evidence to support the 
very dramatic claims often made for them. 
Botie collars can be used singly or doubly 
but th$ should not be allowed to confuse the 
argument as both shoulder and withers yokes 
cab be used singly and can also be used in in- 
dependent hitchmg arrangements. If correctly 
matched and fitted, bovine collqrs may be 
more comfortable to the animal, but it is ar- 
guable that a poorly made collar is at least as 
uncomfortable as a .poor yoke. While enthusi- 
asts have developed bovine collars at research 
stations and in small projects in many coun- 
tries in Africa, Asia and Latin Ami:rica in the 
past thirty years (Garner, 1957; Ba.rton, 1985; 
Dibbits, 1985; Heifer, 1985; Pragasam, 1987; 
Kehoe and Chan, 1987), there seem to be no 
reports of sustained farmer adoption follow- 
ing demonstrations. Perhaps farmers consider 
that the cost and compiexity of collars for 
cattle outweigh their apparent advantages. 

One interesting picture (Fig. 4-12) taken in 
Morocco of a camel hitched to a donkey 
using a double belly yoke has been repro- 
duced in at least three publications (Hopfen, 
1960, Goe, 198% Duchenne, 1984). The belly 
yoke pole does not contact the bodies, .but it 
is suspended under the animals by traces at- 
tached to single withers harnesses. The ani- 
mals look I uncomfortable and Hopfen de- 
scribed the yoke as inefficient and painful and 
capable of causing severe injury to the ani- 
mals, This belly yoke appears to have arisen 
as a local solution to the technical problem of 
how .to use animals of different sizes with a 
traditional long-beam plow. It is also designed 
to combine the inherent strength of the camel 
‘with the stability of a donkey, for a single 
camel appears less able to walk in a straight 
line than a donkey or mule. In several north 
African countries, it is not particularly un- 
common to see different species worked 
together, whether they be donkeys, mules, 
oxen or camels. A . photograph of a young 

Fig. J-12: Miwd camel and donkey harnessed with 
belly y&e. This seemingly inefiient and 

uncomfortable harness k still used on a small scale, 
perhaps because it allows the power of a camel; the 

dkcipline of a donkey cmd the simplicity of a 
troditionnl ard to be combined 

Source: Hopfen. 1 1969 
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camel and a bullock yoked together 
(apparently uncomfortably) with a 
withers yoke for plowing in Egypt was 
reproduced in the book of Wilson 
(1984) and although this combination 
is quite rare, it is not unusual for buf- 
faloes and cattle to be yoked together 
in Egypt. In Sub-Saharan Africa there 
is unlikely to be a significant demand 
for harnessing different species 
together, although systems for hitch- 
ing large and small animals of the 
same species together may have wider 
application. In either case, the use of 
indenendent hitching is advised, 
together with swingle trees and one 
or more eveners. With such a system 
the harnesses of the individual animals can be 
different (withers yokes, breastbands, camel 
harnesses etc.). However the advantages of 
being able to use different animals in this way 
are partially offset by increased complexity 
and the fact that long-beamed implements 
may need to be shortened. Research in Mo- 
rocco has suggested that some animals may 
suffer additional stress if teamed with animals 
of a different species or markedly different 
size due to differences in normal walking 
speed and stepping rates (Bansal et al., 1989). 

4.6 Load saddles for oxen j 

Simple saddles can be padded wooden frames, 
broad straps or ropes over an animal’s back 
which help bear vertical loads. These are 
widely used with horses, donkeys and camels 
that pull carts. Ramaswamy (1985) recom- 
mended that similar saddles should be used 
with bovines, to reduce the load on the necks. 
However, while agreeing with the principle, 
Barwell and Hathway (1986) suggested that 
many bovines will not accept a back load. Re- 
search at the University of Edinburgh demon- 
strated that the positioning of pack saddles on 
zebu cattle and buffaloes was critical. If the 
saddle was forward, over the shoulders, the 
animals accepted it more readily, and it re- 
quired less energy to carry loads than if it was 

Fig 4-13: Riding an m in Mali. 
Photo: Paul Starkey 

more central on the back (Stibbards, 1980). A 
saddle harness was widely used in Japan for 
cultivation and transport and in the 1960s it 
was found to be more efficient than withers 
yokes. during on-station trials in India (Fig. 4- 
14; Barwell and Hathway, 19S6). 

Since the desirability of loading the backs of 
bovines seems somewhat controversial, it is 
interesting to note that while cattle can be 
successfully used for riding and pack pur- 
poses, there are few parts of the world where 
this is actually practised. Yaks are used as 
pack animals in some mountainous parts of 
Asia. Asian water buffaloes are occasionally 

Fig. 4-14: Bock harness that hm been used in Jupun. 

Source: Satwell and Ayre. 1962 

- -  
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used to carry produce to and from the fields; 
In parts of ‘Mali and Chad, farmers and child- 
ren ride oxen without fitting ‘saddles (Fig. 4- 
13). In several regions of Africa, including the 
Sahel and the rangelands of eastern Africa, 
pastoralists use simple basketwork panniers to 
enable cattle to carry household belongings 
when moving between sites (Fig. 4-15). 

In the humid and semi-humid areas of Africa, 
disease generally prevents donkeys being used 
as pack animals and luxuriant vegetation and 
watercourses restrict the use of animal-drawn 
carts, In such ‘circumstances farm produce and 
materials are generally head-loaded by women 
and men, and there would seem to be scope 
for using pack animals (Spencer, 1988). How- 
ever such areas are generally those where 
cattle populations are low, people are unfam- 
iliar with cattle husbandry and the presence of 
tree stumps makes it difficult to use draft ani- 
mals for crop cultivation. Moreover the effort 
required to train, saddle, load and drive a 
pack ox, may well be greater than the trans- 
port value of relatively small quantities of ma- 
terials. There have been severa! small-scale at- 
tempts to introduce the 
use of pack oxen. One 
systematic attempt in 
Tanzania was described 
by King (1940) who pro- 
vided details of how to 
manufacture pack sad- 
dles and pannier baskets 
of a design similar to 
those used by pastoralists 
in northeast Africa. King 
considered that ox pack 
transport was “an essen- 
tial prerequisite to the 
extension of mixed farm- 
ing on account of the in- 
creased movement of 
crop residues, grass 
roughage and manure”. 
However despite the ap 
parent technical success 
of the panniers, the ex- 

Fig. 4-15: Pack saddle used by pastoral& in Somalia. QTZ .,IfiEl 

Source: efter King, 1940 

Fig. 4-16: 
C&saddle based on traditional Sudanese design. 

This pack saddle was developed for use in Tanzania9 
but was not adopted by fmers. 

A -Woo&n slats tied with baobab string B - BoLrters 
for protecting Fpine, made fuo,n sacking densely 

packed with grass; C - tightly stuffed sack 

tension efforts and initial adoption by a few 
farmers, the technology does not appear to 
have spread. Other, smaller projects have had 
similar experiences. Thus it would seem that 
the use of bovine pack saddles is only likely to 
be worth investigating if transport is clearly a 
critical constraint and if it is impossible to use 
ox carts or pack donkeys. 

-- 
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5, Mabhqg: issues and resources 

5.1 The manufacture of yokes and 
harnesses 

Harnesses are generally made by local arti- 
sans, This is important in ensuring that they 
are readily ‘available, they cau be speedily re- 
paired and their design specifications can be 
rapidly adapted in the light of farmer feed- 
back. Yokes can be easily and rapidly carved 
from strong but light wood and local artisans 
are generally aware of trees that have appro- 
priate combinations of weight and strength. 
Particular attention should be paid to the 
final smoothing of the wood. If padding is re- 
quired, animal hair is durable, and a soft but 
strong felt-like material if available may be 
suitable. Sheepskin or soft leather is effective 
but tends to harden if not treated. Coarse 
sacking is not ideal, since it tends to be very 
abrasive (Matthews, 19%). For fixing the im- 
plement or chain, a steel ring attached to a 
bolt can be easily made by a local blacksmith 
and inserted into the centre of the yoke. In 
Ethiopia farmers generally make their own 
yokes using wood that they may have buried 
for several months to prevent cracking. Six 
holes are made with a chisel and simple 
wooden pegs are placed in them (Goe, 1987) 
Padding is made of leather and sheep skin and 
straps of hide are used byth to attach the 
plow beam to the yoke and to loop round the 
necks of the oxen (Fig. 5-l). 

Although wood is by far the most common 
and appropriate material for the manuf;lcture 
of yokes, steel yokes are not unknowr. Some 
single withers yokes used in Europe, such as 
the Swiss harness (Fig. 4-3b), have bee n made 
from leather and steel. A prototype st se1 eol- 

lar-type yoke was designed in India in the 
196+ (Ayre, 1982) but was not adopted. In 
the 1980s a workshop in Lesotho, supported 
by a United Nations project, started manufac- 
turing steel withers yokes (Lesotho Steel, un- 
dated), although these were technically infe- 
rior to.local wooden yakes. There are also re- 
ports of externallyfunded projects importing 
steel yokes manufactured in Europe into 
countries such as Sudan and Somalia. While 

Fig 5-I: Yoke made by farmers in Ethiopia 
(Note the sheepskin padding. l3e leather thong at 
the bottom lejl is part of a traditional hide whip). 

Photo: Paul Starkey 
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Photo: Paul Starkey 

Fig. S-2: Lined (kkft) and unlined (right) d&key hwnesses made 
j?om tyre rubber by Mochudi Farmers Brigade, Botswana. 

the order of such yokes may have been tem- 
porarily expedient in areas where wood was 
scarce and there was no tradition of animal 
traction, long-term objectives would probably 
have been more rapidly achieved had coopera- 
ting farmers or artisans been assisted to make 
wooden yokes themselves. Whereas many 
types af wood have appropriate combinations 
of weight, strength, elasticity and price, tubu- 
far steel is generally heavy, expensive and rela- 
tively ‘diificult to pad effectively. While tubu- 
lar aluminium yokes 
would have a better ratio 
of strength to weight 
than steel, they are ex- 
pensive, easily distorted 
and require primary ma- 
terials seldom found in 
villages. For these rea- 
sons the use of wood for 
making yokes is strongly 
recommended. 

Schemes to develop the use of 
equine collar harnesses have 
often failed due to problems of 
local manufacture. It is estimated 
that in France a leather collar 
made by a well-equipped artisan 
takes at least 22 hours of highly 
skilled work (Duchenne, 1984). 
Transferring such skills into a 
new area is quite possible given 
time, available materials, good 
feedback from farmers and a re- 
alistic market. However there 
have been numerous attempts 
during the past 100 years to ’ 
transfer traditional skills in the 
manufacturing of collars, but few 
have succeeded. An initial con- 
straint has been difficulty in ob- 
taining high grades of leather, . . 

but the major long-term problem has been 
Itick of market demand. In Botswana a project 
to use donkeys for road construction found 
that the local harnesses made of rubber from 
tyres quickly broke and were unsuitable for 
sustained heavy use. Imported leather har- 
nesses were found satisfactory but the price of 
one harness was twice that of a donkey, and 
the harness for a team was 6Op of the cost of 
a tipping cart (McCutcheon, 1985). For the 
project, concerned more with timeliness than 

Fig. S-3: Three stages of 
cawing a horn yoke in 
Sierm Leone. 
Photc: Paul Starkey 
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capital outlay, the expensive harnesses were 
considered more cost-effective than the 
cheaper alternatives. Local manufacture 
would have been feasible but equipping and 
training of artisans would have had to have 
been followed by sustained demand, and,it ap- 
peared questionable whether individuals 
would opt for the high-quality, high-price al- 

In another initiative in Bots*.vana, the Mochu- 
di Farmers Brigade tested a large number of 
harnessing systems, and eventually promoted 
the local manufacture of a simple breast band 
harness for donkeys. This was made of car- 
tyre rubber, but the load bearing bands were 
lined with soft material (Fig. 5-2). The long- 
term success of recent artisanal training 
schemes in Kenya and Zambia based on the 
production of three-pad collars for donkeys 

ternative. 

c 

Fig. 5-k Some stages in the manufacture of a 3.pad karness. 
A - Htvnes assembly; B - Cutting jute sacking; C - Sewing sacking 
D - Shl.ng pads; E, P - Folding pads; G - Tying pad to hame; H - Final harness. Source: after Micuta. 1984 
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i 
and cattle (D&bits, 1985a, 1985b, Micuta, i caused to the animals as the yoke vibrates 
1985). will. depend on sustained demand at against the head, or when the movement of 
prices economically acceptable to both pro- one, animal causes the yoke, acting as a lever, 
ducer and consumer. to twist a,gainst the head of its partner. Such 

In industrialized countries where animals are 
’ 7 discomfort may lead to “protest” head move- 

now, mainly harnessed for recreational use, 
ments designed to loosen the yoke which ac- 

synthetic webbing harnesses are beginning to 
tually exacerbates the problem until the yoke 

replace tiaditional leather straps; These are 
is re-tied. The central yoke ring, or other sys- 

strong, light, rot-proof and washable and 
tern for attaching the beam or traction chain 
should be so positioned as to allow a straight 

,- cheaper- than leather, Such purpase-made ma- 
terials are, not yet readily avail&it: in rural 

pull from the centre of the yoke to the imple- 

areas ‘in developing countries, but farmers/ar- 
ment. If the .attachment is raised or lowered, 
it will tend to act as a .lever and cause the 

tisans have. already been seen to experiment 
with synthetic materials used for fertiliier or 

neck yoke to rotate, putting extra strain on 

grain sacks (Fig. 3-33). Furthermore in towns 
the attachment ropes and causing discomfort, 

where draft animals are used, it is not uncom- 
mon to see other innovative materials derived 

Withers yokes do not need to be tightly ar- 

from imported- goods being used, for har- 
tached, but problems are often experienced by 

nesses. Such experimentation may well event- poor fitting of the descending bars and/or 

ually lead to the discovery of appropriate new leather strap. These should be smooth to pre- 

harnessing materials and techniques, and re- 
vent damage to, the skin of the animals during 

searchers should be aware that such informal 
fitting and use. If they are to be used primar- 

evaluation may well be taking place near ily as spacers, they do not need to be strong, 

them. but if they are designed to take some of the 
.” load, then greater strength is required. 

Whe.ther or not the descending bars take load 
5.2 Some practical problems with will depend on their spacing and the point of 

harnessing systems attachment of the traction chain or beam. If 
the point of attachment is below the yoke (as 

Many of the problems associated with any in many traditional European yokes), then the 
harnessing system are not attributable to de- distance between the centre of the yoke and 
fects in the basic design, but are due to poor the attachment point will act as a smalllever. 
finishing or incorrect positioning or adjust- This will mean that during work, the yoke will 
ment. Many sores and abrasions are caused by tend to rotate, and if the descending arms are 
rough wood, by joints or stitching that are not relatively close together, they will come into 
smoothed or coverr.d, or by the failure to use contact with the animals’ shoulders. In such 
soft padding. Further discomfort can be circumstances smooth broad descending bars 
caused if the yoke or harness is unnecessarily are required (in Europe and North America, 
heavy for its required tasks. Breastbands and , broad poles shaped into a U-form were often 
collars need to be particularly smooth and used). If the bars are spaced far apart and/or 
well fitting. Problems are commonly .,due to 
the use of rough materials, stitching irritating 

the thong is tight, then the rotation of the 
yoke may cause the thong to start pressing 

the animals’ skin or to straps being too long against the neck of the animal. This can cause 
or short for an ideal line of pull. considerable discomfort. If the point of at- 

tachment is higher than the centre of the 
yoke, the yoke will tend to rotate in the oppo- 
site direction, the bars moving forward until 
the leather thong presses against the throat of 

Head yokes should be attached,firmly to the 
horns. If one watches animals with loose iit- 
t&g head yokes, one can see the discomfort 

\ 
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the animal (Fig. S- 
5). This is also un- 
comfortable and in- 
efficient, and can 
be remedied by at- 
taching the beam 
or traction chain 
below the centre of 
the yoke. 

In any locality 
there are likely to 
be examples of 
well-finished and 
correctly fitted har- 
nesses, and others 
that cause discom- 
fort. The potential 
for improvement, is 
therefore enor- 
mous, although 
claims should not 
be exaggerated. 
Some authors have Photo: Paul Starkey 

argued that their Fig. S-5: Example of a harnessing y~em causing an animnl discomfort as the rotntion 

favourite yoking 
of the within yoke m&s the cord ~IYSS against the animal’s thtvat. 

system could halve 
the number of animals needed for a particular 
operation; this (it has been suggested) would 
have the same impact as either increasing the 
number of working cattle by 20-W% or of rz- 
leasing large quantities of additional animal 
feed, Such claims are almost certainly spuri- 
ous, being based on extrapolating ad absrr- 
danl the results of simple trials. Controlled 
experimental work at the University of Edin- 
burgh demonstrated that while there was not 
a great difference between the technical effi- 
cicncy of various designs of yokes and collars, 
animals were certainly more willing to work if 
the harnessing system was eomfortat4e (L.zw 
rence, 1983). The implication is that while the 
metabolic energy required to perform an 
operation is broadly comparable whichever 
harnessing system is employed, the “nervous 
energy” required from both animal and 
human may be much greater with an uncom- 
fortable yoke. Animals need more encourage- 

ment and goading if their harness is uncom- 
fortable, and the discomfort of the animal can 
be matched by the frustration of the farmer. 

It is clearly in the interests of the animals 
themselves and of the farmers that harnessing 
systems are made and fitted comfortably. In 
all countries where animals are used for work, 
there is probably great scope for improving 
overall harness comfort, and thereby the pro- 
ductivity of both animals and farmers, by very 
simple and inexpensive modifications or ad- 
justments to the systems already in use. 

5.3 Research and development on 
harnessing systems 

In recent years there have been a great many 
calls for more systematic research on harness- 
ing systems (Smith, 19$1; Gee, 1983; Co- 
pland, 1985; Matthews, 1986; Border et al, 
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Drawing: Peter Lawrence 

Fig. S-6: WteeIed toolcorrier adapted as an “ergometer” for data ragging by the CTV.., Edinburgh. 
A: Loadcell (measures force). 8: Odometer (measures distance). C: Microprocessor (computes work). 

D: Isometrk SC& for the drawing. 

1988, Starkey and Faye, 1988). However be- 
fore launching new research initiatives, it is 
wise to be aware of the methodology and re- 
sults of previous studies. 

ous, being designed in the form of demonstra- 
tions to prove that a “new” or “improved” de- 
sign was better than an existing design. Com- 
monly these have confused two or more par- 
ameters but have nevertheless tried to present 
their results in a semi-scientific form. Unless 
there has been some form of replication, ran- 
domization, control and objective measure- 
ments, then results presented as pexentuge itn- 
proventents in eficiency should be treated with 
great cat&n. Nevertheless provided they are 
acknowledged as such, evaluation trials based 
primarily on subjective judgements rather 
than measurements can be extremely useful as 
a means for assessing options (e.g. Froese, 
1980). Demonstrations can encourage innova- 
tive farmers to experiment with different de- 
signs, but it should always be remembered 
that draft animals may require time to 
become used to changes in their harnessing 
system. 

Some research studies on yoking systems in 
Europe have been descriptive and have re- 
viewed the different harne&ing systems in use 
in an area, and obtained farmer opinions on 
the relative merits of different systems (Dela- 
marre, 1%9; de Oliveira et al., 1973). Similar 
studies in developing countries could be valu- 
abje in providing a geographical or historical 
perspective, and be helpful in l inhibiting un- 
reasonable optimism over supposedly “new” 
harnessing systems. 

Other workers have concentrated on compar- 
ing two or niorc harnessing systems. A few of 
these should be dismissed from the point of 
view of research as well-meaning, but spuri- 
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Research and development on harnessing systems -- 

Replicated trials involving the measurement 
of force (dynamometer readings), time, dis- 
tance travelled, speed and work achieved have 
been’ reported from: India by Vaugh (1945), 
Swamy-Rao (1W) and Varshney ef ul. 
(l982), Bangladesh by Hussain et a&. (1980) 
and Barton (1988), Bolivia by Salazar (1981), 
Burundi by Barton(l985), Costa Rica by Law- 
rence and Pearson (1985), Thailand by Garner 
(1957), the United Kingdom by Barton (1985) 
and the United States (Kivikko, 1987). In ad- 
dition, trials involving the detailed recording 
of animals’ physiological responses to differ- 
ent yokes have been recorded for buffaloes 
and Brahman oxen walking on treadmills 
(Lawrence, 1983; Islam, 1985). Some of the 
findings of these various’ trials have been dis- 
cussed by Duchenne (1984) Matthews (1986) 
and in Chapters 3 and 4 of this book. 

There is not space for a detailed review of the 
various research results here, but five main 
observations seem noteworthy. 

l Firstly the various “improved” forms of 
padded yokes and collars do seem to have 
allowed greater work relative to sovte tradi- 
tional designs. This may be because com- 
fortable harnesses make animals more wiil- 
ing to walk faster and/or puil harder. 

l Secondly some quite high apparent benefits 
in technical efficiency did not generally lead 
to major differences in achieved on-farm 
work, such as the area cultivated in a week. 

l Thirdly when a large range of yokes has 
been tested there have generally been 
examples of ultemative traditional designs 
that have been much cheaper than the “im- 
proved” designs, and which have &en of 
comparable efficiency (in some trials - such 
as those of Vaugh, 1945, Hussain et bl., 
1980, and Varshney et ul., 1982 - some 
traditional harnesses have out-performed 
“improved” designs), 

l Fourthly most “improved” yokes appear to 
have been significantly more expensive or 
more complicated than traditional yokes. 

9 Finally despite a detailed review of the lit- 
erature and personal communications with 
many of the authors referred to in’this sec- 
tion, it appears that there are no known E- 
ports of cases where the various “improved’ 
designs mentioned have been widely 
adopted by farmers. 

Recent advances in electronics have made it 
possible to collect large quantities of data and 
to process it rapidly using computers. Law- 
rence and Pearson (1985) described a wheeled 
toolcarrier adaptecl to collect data on force, 
time and distance in the field (Fig. 5-6). The 
instrumentation used for these earlier studies 
has since been developed at the Centre for 
Tropical Veterinary Medicine, UK, into a 
portable ergomcter capable of accurately 
measuring draft force, animal power output, 
work done and distance travelled for periods 
of time that can range from a few seconds to a 
fult working day (Lawrence, 1987). Another 
system of data capture developed by MC- 
Engineering, UK, has been described by Mat- 
thews and Kemp (1985), OWeill et al. (1987) 
and Kemp (1987). This system involv,>s almost 
constant measurement of physiological par- 
ameters (temperature, heart rate, respiration 
rate), walking characteristics (speed, walking 
rhythm, distance), work loads (forces, angles) 
and the external weather conditions (sun, 
temperature, wind). Using small sensor5 
linked to a portable computer, farmers’ ani- 
mals can be used in on-farm trials, and by 
correlating the information obtained with 
simultaneous video-camera recording, com- 
prehensive overall pictures can be obtained. 
Such data collection should be able to provide 
detailed compariso:ls of different yoking types 
and if combined with appropriate analyses 
(and farmer opinion!) may be able to assist in 
the identification of low-cost and simple 
means of increasing the efficiency of yokes. 
Severai institutions including AFRC-Engin- 
eering (England), CTVM (Scotiand), CEE- 
MAT (France), CIAE {India) and ILCA 
(Ethiopia) are cooperating in this high-tech- 
nology approach to animal traction research, 
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Photo: AFRC-Engineering archives 

Fig. 5-7: Pmotype data-logging instruments developed by AFRC-Engineering being used in Botswana. 
The wires jkotn the load-cell md Sensors attached to the animuls pars throqh M “umbilka~ cord” to a 

buftery-powered computer, held by a mseurch worker. 

and in 1987/88 field trials were held in India, 
Botswana, Burkina Faso, Morocco and Aepal. 
Matthews (1986) suggested that the develop- 
ment returns from small scale, ad hoc har- 
nessing -research programmes are likely to be 
minimal. It could be added that returns to any 
harnessing programme may depend more on 
its relevance to the needs of particular far- 
mers than the technology employed. 

In conclusion development workers contem- 
plating research on harnessing systems 
should: 

l Consider whether harne.ssing is actually a 
limiting factor. 

l Consider whether objective measurements 
(as opposed to farmer assessment) are ac- 
tually essential; if they are, then cooper- 
ation with an institution capable of mass 
data collection and analysis might be sen- 
sible. 

l Review the subject from a historical and l Remember with humility that, while there 
geographical pcrspcctive, and identify have been historica; examples of farmer-in- 
popular designs used successfully by far- itiated innovations, there seems little evi- 
mers in the region, or elsewhere. dence that any e.xperintentaI mea&z, 

m Define the harnessing criteria to bc studied, whether using simple mechanical dyna- 
clearly distinguishing between those separ- mometers or computers, has yet had any 
ate elements that are often confused significant impact on harnessing at farm 
(single, double or multiple animals; rigid or level. 

flexible linkages; combined or independent 
hitching systems). 

l Note that socioeconomic aspects of har- 
nesses (convenience, cost, fashion, status) 
seem to be at least as important as techni- 
cal specifications, so that it may be more 
valuable to ask farmers to test harnessing 
systems themselves, under their own condi- 
tions, rather than undertaking replicated 
trials to measure technical efficiency. 

, 

- I I__ 
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-- Choice of harnessing’systems 

S.4 Choice of harnessing systems Zebus to be used with withers yokes, but this 
k not absolute. Equines are seldom yoked; 

For hundreds of years harnessing systems in equine~breastbands are widespread but collars 
many parts of the world have been strongly are rare. Thus Senegalese farmers seem to 
influenced by fashion, prejudice and tradition prefer double yokes for bovines and breast- 
and their ‘present form often strongly reflects bands for equines. 
local artisanal skills and interests. Archaeo- 
logical evidence suggests that head yokes orig-, 
inated in ancient Egypt, withers yokes in 
ancient Mesopotamia and collars may have 
first been developed from modified withers 
yokes in China (Duchenne, 1984). All main 
types of harnessing system have been used in 
Europe since the eleventh century and there 
are written records spanning over six hundred 
years debating the relative advantages and dis- 
advantages of horn yokes, withers yokes, 
breast bands and collars (Delamarre, 1969; 
.Fenton, 1969). The pattern of debate and 
evolution is fascinating, with wars and grain 
prices discouraging the use of horses and co& 
lars and innovators in each generation trying 
out the yokes others regarded scornfully as 
“foreign” to their region. However the pattern 
of evolution is not technically conclusive for 
while collars became almost universal for 
heavy work with horses, for cattle head yokes, 
withers yokes and collars all had their advo- 
cates and their regions of sustained use. 

In Africa, Senegal and The Gambia (Sene- 
gambia) provide a particularly interesting 
example of harnessing diversity for during the 
past eighty years farmers have used double 
head yokes, double withers yokes, single 
yokes, breast bands and collars. Senegambia 
has over half a million working animals in- 
cluding large numbers of horses, donkeys, 
Zebu cattle and taurine cattle (Havard, 1985). 
Its farmers have a proven record of rapid dif- 
fusion of innovations, with donkey technology 
and breastbands rapidly spreading through in- 
formal farmer channels in an area previously 
dominated by oxen and head yokes (Starkey, 
1987). All harnessing types still exist, but bo- 
Y&S XC &lost liever L,sGd singiy or with cot- 
lars. There is a tendency for N’Dama taurines 
to be harnessed with double head yokes, and 

Fashion and prejudice are not confmed to far- 
mers. Some recent reviews have been ,forceful 
in their condemnation of traditional yokes 
and promotion of favoured “improved” styles. 
Vietmeyer (1982) stated “a classic of bad de- 
sign is the traditional yoke used for oxen and 
water buffalo - the straight beam on which the 
animal pushes with its forehead or neck”, He 
went on to cite claims of 70 percent improve- 
ments iu efficiency using bovine collars and 
concluded that yoking with a rigid bar should 
always be replaced with independent hitching. 
The suggestion that traditional bovine yokes 
can be inefficient and cruel has been made by 
many people including Smith (1981), Micuta 
(1985), Ramaswamy (1985) and Barwell and 
Hathway (1986). However a less dismissive 
stance was taken by Goe (1983). While admit- 
ting traditionai yokes, were not optimal, he 
suggested that before attempting tr, in;roduce 
new types of yokes, it would be worthwhile to 
assess the merits of the traditional types used 
in a particular area, and select the best for 
modification. In the light of the lack of rapid 
diffusion of technically efficient “improved” 
yokes designed by researchers, this seems a 
more positive approach. 

To illustrate the complex interaction of 
ergonomic design, fashion and local ad:lpta- 
tionr, one can take, by way of z&~gy, an 
examp!:: from a different area of development. 
Traditional methods of transporting warer be- 
tween remote sites can involve carrying con- 
tainers in the hands, using two containers bai- 
anced on a pole or shoulder yoke, by head- 
load or by back aud head-strap. The use of 
wheeled water containers has often failed to 
catch on due to expense, inappropriateness to 
the terrain or local preferences. Clearly jagged 
edges on any container are potentially injuri- 
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‘, Harnessing; issues and.resources 

ous and ‘dangerous and if the. surface of the 
cont@kr or carrying pole is rough, padding 
may be used. The absolute weight of water a 
person. Can carry by any method is related 
more to the personlts strength than to the de& 
sign of ‘the container.~The weight achrally car- 
ried may be ~greatly influenced by design, But- ’ 
kets with round, broad handles have a larger 
contact area and are less p&nful to hold when 
hiI4 so’ that one may be more wllli+ to carry 
a heavier weight of water if the bu&et has a 

. broad handle. Nevertheless broad bucket 
handles are by no means universal, and nar- 

are more likely to come from encouraging the 
correct use of farmer-proven designs from 
within a region rather than from promoting 
innovations. 

rower handles with some rags as padding may 
., be as effective. Improving the handle of an 

existing bucket may improve comfort and 
possibly reduce the number of rests needed, 
but if the limiting factor is actually the small 
size of the bucket or the availability of water 
at source, there will be no dramatic changes’ 
observed by improving the handle. It is not in- 
tended to digress further on the ergonomics 
of water transportation., but the parallels with 
yoking systems should be clear and seeing 
similar problems in another context may help 
to clarify the key issues under consideration 
here. 

In conclusion, any technology is likely to be a 
compromise between economic cost and tech- 
nical excellence. In addition the importance of 
social considerations (including fashion) 
should never be underestimated. While it ap- 
pears that independently hitched collar type 
harnesses may be the most technically effi- 
cient, they are also gelrerally the most expens- 
ive and complicated to use. Differences in ef- 
ficiency between a well-padded and a poorly 
padded local yoke or a well fitted and a badly 
fitted harness may well be as great as differen- 
ces between the harnessing systems them- 
selves. It is likely that the main harnessing 
types will continue to be the double or single 
withers yoke, the double head yoke and the 
breastband. In the short term the most likely 
improvements will be very, simple changes in 
contouring and padding. In many areas im- 
provements in overall harnessing efficiency 

5.5 hrther reading and 
. information sources . 

Cletir, well&&rated reviews of the subject 
have been prepared by Ddchenne (1984) and 
Poitrineau (1990). Advice of a practical 
nature can be found in Watson (1931). Illus- 
trations of modem attempts at “improved” 
yokes together with a general discussion of is- 
sues and merits are provided in Barwell and 
Ayre (1982). Drawings of yoke types currently 
used in Africa and discussions of advantages 
and disadv+ntages can be found in CEEMAT 
(1971), FAO/CEEMAT (1972), Hopfen 
(1969) and Viebig (1982). An illustrated re- 
view of technical principles is provided by 
Devnani (19gl) and a general discussion af is- 
sues is given by Matthews (1986). Details of 
harnessing arrangements used for carting can 
be found in Barwell and Hathway (1986). 
Many interesting articles but of more limited 
scope or reldting to specific research projects 
have been cited in Chapters 3, 4 and 5 and 
details of these references are given in Chap- 
ter 12. Among institutions invalved in this 
area are ACIAR-DAP, AFRC-Engineering, 
Bellerive RT, CEEMAT, CIAE, CTVM, 
GRDR, GRET, ILCA, IT-Transport and 
Tillers International and the full names and 
addresses of these organizations are given in 
the Appendix. African countries with organiz- 
ations undertaking trials on different harness- 
ing systems in 198g included: Botswana 
(ATIP)? Ethiopia (ILCA, AIRIC), The Gam- 
bia (GARD), Kenya (University of Nairobi), 
Mali (DRSPR), Morocco (INRA-MLAC), 
Niger (Projet FAO, ISC), Sudan (JMRDP), 
Togo (PROPTA), Zambia (MoA-ADP Pro- 
ject) and Zimbabwe (IAE) and further details 
of the.se and other relevant organizations can 
be found in the GATE Animal Traction Di- 
rectory: Africa (Starkey, 1988). 

72 
--. 

GTZJGATE Animal traction resource book 



6, The selection of equipment 

6.1 Equipment evolution and 
development 

It may appear self-evident that animal trac- 
tion equipment must be appropriate to the 
local farming systems. Yet in most developing 
countries there have been examples of the 
promotion of equipment that (with the exper- 
tise of hindsight) was clearly not adapted to 
local conditions. ‘Graveyards of abandoned or 
unused implements tell their own tales. 

Farming systems are dynamic and constantly 
evolving. The continued development and 
adaptation of any equipment used within a 
farming system is ensured by two major pro- 
cesses: variation and selection. The analogy of 
evolution (or artificial breeding) is quite apt, 
for the refinement of organisms or equipment 
is based on the natural or artificial selection 

of the preferred options, If either variation or 
choice are lackiig, there can be no scope for 
improvement. Successful brecdmg (or equip- 
ment) programmes involve the multiplication 
of the chosen and the culling of the inferior 
options. Selection must involve rejection, 
(The implication is that small equipment gra- 
veyards are an inevitable result of evolution- 
ary pressures, but this should not justify the 
active promotion of dinosaurs!) 

Fig. 6-l and 62: Small equipment graveyards (such as the one 
below in Mali), are an inevitable consequence of the process of 
testing, selecting and rejecting animal-drawn implements. Larger 
stockpiles of unwanted impt%ments (such as the consignment of 
heavy reversible plows seen in Togo, right) could be prevented if 
more attention wtu paid to the initial selection criteria 

Photos: Paul Starkev 

Historically, large or small changes in equip- 
ment have been made by innovative farmers 
themselves, often working with village artisans 
or local manufacturers. The choice of whether 
to use the old or new design has been taken 
by the farmers and their neighbours. This pro- 
cess is actively coaitinuing all the time, in all 
communities. This system of evolutionary pro- 
gress has led to the development of most agri- 
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The selection of equipment 

cultural equipment ip use today. The process 
is intrinsically efficient in the long term, but 
very slow by the standards and aspirations of 
modern governments and development pro- 
jects. The process can therefore be speeded 
up by providing more variation and ,a greater 
degree of selectioa.- 

There are great advantages in creatieg the 
variation within the environment, ‘by ‘p ncoura- 
ging artisans and manufacturers to modi@ 
(and thereby possibly improve) existing equip- 
ment, or\,experiment with new designs. Never- ’ 
theless numerous and varied designs of animal 
traction equipment have already been created 
so that it is unrealistic and inefficient to try to 
develop new designs entirely in isolation. Un- 
fortunately many projects have attempted to 
do just this, and have often succeeded only in 
“re-inventing the wheel”, by developing de- 
signs of harnesses, seeders, toolcar&rs or 
other implements similar to those already in 
existence. It is most important to beiefit from 
existing knowledge and the experience of 
others elsewhere. In general, broad selection 
shohld be based on existing designs, while fur- 
ther modification, selection, rejection and 
evolutionary development may be best carried 
out within the local farming systems, 

6.2 Definition of requirements 

In recent years many animal tAction pro- 
grammes have neglected the important stage 
of definition. Befgre equipment is purchased 
or developed it is useful to write down, in as 
much detail as possible, precisely why it is 
needed, W~HH it is required to do and in what 
context and WMZ whur resolrrces it -will be used. 
Only after the act& requirements have been 
clearly delined, should the detailed ,technical 
specifications be listed. 

The definition of requirements must be 
derived from the farming systems in which the 
equipment will be used. Thus if faryers’ fields 
have tree roots in them; any cultivation imple- 
ment intended for that farming system should 
be able to cultivate in the presence of roots. 
Naturally farming sy+tcms are constantly 
changing so that the addition of a new item of 
equipment leads to some change (large or 
small) in the whole system. Thus the availa- 
bility of an implement that can only work in 
root-free conditions nray cause farmers to 
remove the stumps from their fields. It may, 
on the other hand, lead to the rejection of 
such an implement as inappropriate to the ac- 
tual conditions. Thus a clear distinction must 

Fig. 6-3: PZowing a field in eastern Zaire: the s&!~ .%ve tree stumps and strong rhizomes, access from the distant 
vi&y+ is by nanow path, and the animals sue disease-prone. All these factors should be considered when 

selecting implements for thb farming system, Photo: Paul starkay 
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Definition of requirements ___II__ 

Phqto: P&d Starkey 
Fig. 6-4: At the end of the dry season m Botswana 

cattle are often emaciated, but still expected to work 

Unless clramatic changes in nutrition are realistically 
envisaged, equipment has to be designed for use by 

such animals. 

be made at the stage of definition between the 
realities of existing farming systems and any 
assumptions relating to prerequisite future 
changes that have been made. Common as- 
sumptions relating to animal traction equip- 
ment use have included: 
l changes in the timing and duratior! of opcr- 

ations; 
l increases in yields and profitability; 
l improvements in the availability of techni- 

cal services (such as repair and mainten- 
ance). 

The disappointments of many animal traction 
programmes that made such presumptions 
should be taken as a warning. In general, op- 
timistic assumptions should be avoided or 
kept to a minimum: wherever possible equip- 
mcnt requirements should be defined in such 
a way that the equipment can be used within 
the actual conditions prevailing. This may 
mean that in rapidly evolving far’ming systems, 

equipment needs rnzy C?X::~LJ frequently. Ani- 
mal traction programmes may find it more 
beneficial to anticipate small but progressive 
changes in farmer demands for equipment 
rather than to promote technological leaps. 

Realism is also required in assessing the avail- 
able power of the animals. One of the most 
common mistakes made by animal traction 
programmes in recent years has been to seri- 
ously overestimate (or overlook) the draft ca- 
pabilities of the farmers’ animals. Many 
equipment designs produced by engineers on 
research stations have been rejected by far- 
mers as too heavy for their animals. If anitnu1.s 
are normally in poor condition at the time an 
operation is required then it should seem 
quite evident that equipment must be capable 
of being pulled by animals in poor condition. It 
seems quite pointless promoting heavy equip- 
ment developed and tested with large and well 
fed animals, if such beasts do not exist in the 
local farming systems! 

The realistic approach being advocated here 
certainly does not preclude trying to improve 
the’condition of the animals at the same time 
as equipment is being promoted. What is es- 
sential however is to carefully distinguish be- 
tween present realities and optimistic ,assump- 
tions. A “package deal” may well be envisaged 
in which the use of heavy equipment is direct- 
ly linked to improved animal nutrition, pro- 
vided it is understood by all concerned that 
such equipment is ftol designed for the exist- 
ing farming system. In such a case the very 
ambitious nature of the objectives should be 
clearly understood since any “stronger ani- 
mals” policy will have a very much wider 
scope than normal equipment-package credit- 
programmes. The promotion of “heavy’ 
equipment necessitates successfully tackling 
one of the most difficult animal traction prob- 
lems, that of tinding a realistic and economi- 
c&y acceptable way of improving animal con- 
dition in normal village. circumstances. Until 
proven, realistic and acceptable methods of 
improving draft power are available, animal 
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traction equipment should be suited to the 
strength of existing animals. 

In the early stage of definition environmental 
issues must be carefully assessed. In most 
farming systems f&&e are techniques that 
c&serve soil and water and others that de- 
grade the environment. For example there 
may be certain ecosystems, including sjme in 
arid or mountainous areas, in which mould- 
board plows, tines or disc harrows may tend 
to accelerate erosion, particularly if used with- 
out reference to prevailing slopes. There 
might be ecological implications in encoura- 
ging the tie of wooden animal-drawn itnple- 
ments in the Sahel, where other pressures on 
timber resources have caused major deforesta- 
tion. The impact on local cattle populations 
and grazing resources on a change from heavy 
draft cattle plows to lightweight donkey tines 
could be considerable. 

It is also essential to, thoroughly consider so- 
cioeconomic criteria. When assessing the re- 
quirements for any piece of equipment it is 
necessary to know how the farmers, together 
with their families and communities, judge the 
value of the operation performed by the im- 
plement. Thii may involve knowing who 
undertakes that operation (farmer/labourer; 
child/ma;l/woman), the. time taken to perform 

the operation and whether it is undertaken at 
a time when labour is plentiful or scarce. .If 
the objective is to use ,animal power to re- 
place human power, it is important to deter- 
mine whether there would be a beneficial or 
detrimental’shift .in the category of labour or 
the time of operation. With an assessment of 
the value of the operation, it should be 
possible to gauge an affordable cost. Again re- 
alism is essential and optimistic assumptions 
should be avoided: far too many programrnes 
that ended as disappointments had judged 
that fsrmecs rould hnve afforded hish cost im- 
plements assunzing that cultivated areas and 
yields had increase dramatically. 

The importance of risk in determining farmer 
decision-making is often neglected. Subsist- 
ence farmers have been seen to select an op- 
tion that minimizes risk and increases se- 
curity, over an alternative that may be i&in- 
sically more profitable, but which increases 
r&k. For example some farmers in The Gam- 
bia opted for donkey powered equipment over 
ox-drawn alternatives largely because they 
considered that donkeys were less likely to be 
stolen, Farmers may prefer several single pur- 
pose implements to one multipurpose toolbar 
if they perceive that the risk of the one imple- 
ment being damaged and leaving them with- 
out any usable tools is too great. 

rig. 6-5: On-frurn 
esahution of equipment 
by farmers is crucial to 
ensure the size, weight 

and technical 
characteristics of 

implements are to be 
appropriate for the 

animals, the people, and 
the fum conditions it1 

which they are to be 
usea! Here a 

mouldboard plow is 
tested by women farmers 

in Sierra Leone. 

Photo: Paul Starkey 
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Review of available production models 

It must be remembered that, in reality, there is 
no such thing us an average year. Most years 
are exceptional in some ways, being particu- 
larly: dry, wet, late, early, hot? cold, calm, 
stor,my, or with greater/fewer than normal 
weeds, insects, fires, social obligations or pol- 
itical upheavals. If this should seem self evi- 
dent, it can be very illuminating to read the 
annual reports of the numerous research and 
development programmes working with ani- 
mal traction. It has been frequently concluded 
that some piece of animal traction equipment 
or technique on trial was basically exrcllent, 
but unfortunately it did not do well that year 
because of exceptional circumstances! Seldom 
were such. constraints major, once-in-a-gener- 
ation catastrophes, and most were the normal 
“exceptional conditions” that a farmer must 
survive each year. It is clear that reliability 
under a wide range of conditions is often high 
in priority when farmers select appropriate 
equipment. 

Finally, lest it be implied that farmers are in- 
fallible in. their selection criteria, it must be 
remembered that they too are influenced by 
fashion, and that the prestige gained from the 
ownership of any piece of equipment may be- 
more significant than technical characteristics. 
Some farmers will buy equipment mainly be- 
cause it is new and innovative, while others 
will reject it for precisely the same reason. 
Even paint colour can have a decisive in- 
fluence on whether one type of animal trac- 
tion equipment is accepted or rejected. 

6.3 Review of available production 
models 

Having clearly defined the specil’ications in 
terms of the operational requirements, the 
available draft power, the economic resources 
and the physical, social and technological en- 
vironment, it is sensible to review what 
proven technology exists that meets these re- 
quirements. A useful directory of information 
sources on agricultural implements is avail- 
able from UNIDO (1.982). Bordet et al. (19%) 

compiled publicity sheets from many manu 
facturers supplying animal-drawn implements ’ 
to West Africa. A valuable guide for intending 
purchasers that provides illustrations of many 
different products together with manufac- 
turers’ addresses was prepared by ITDG 
(19S5). Anyone using the ITDG publication 
should remember that it was based on manu- 
facturers’ publicity sheets available at the time 
of preparation. Some of the designs illustrated 
have been used by farmers in tens of thou- 
sands while others were actually very early 
production made!s that were subsequently re- 
jected by farmers. Few manufacturers would 
admit this if they thought a new order might 
be forthcoming and so information should be 
obtained from people working closely with 
farmers in comparable environments. One 
source of addresses of potential contacts for 
such information (Ministries, projects, non- 
governmental organizations) is the GATE 
Animal Traction Directory: Africa (Starkey, 
X988). 

6.4 Review of previous adaptation 
work 

In the past fifty years there have been literally 
thousands of person-years spent on animal 
traction equipment development and adapta- 
tion. While many of the experiences gained 
were never adequately recorded, a great deal 
of information is available to those prepared 
to seek for it. In many countries old annual 
reports (even those dating back to the colo- 
nial era) provide a useful starting point, and 
where formal reports are not easily available, 
it may be well worth posing some questions to 
long-established or retired agricultural offi- 
ccrs or instructors. 

Agricultural magazines and journals are rich 
sources of information, and examples of use- 
ful titles can be found in the bibliography of 
this book. Further animal traction bibliog- 
raphies have been produced by Goe and Hailu 
(19&J), Bartlett and Gibbon (1984), Marti, 
Allafort ard Bigot (1985), Marti and Second 
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. . (X988), CTA-CEEMAT (1989) and Gee, Star- 
key and Sirak Teklu (l%l9). 

Even more information can be obtained by 
personally contacting colleagues in other ,or- 
ganizations, Particularly valuable information 
can come from personal correspondence and 
from unpublished reports supplied by col- 
leagues. A recent. detailed study of design and 
adaptation work on animal-drawn wheeled 
toolcarriers during the past 30 years illustrates 
how illuminating details may be found when 
published reports are followed up with- per- 
sonal correspondence (Starkey, 1988). This 
example of equipment that was-“Perfected yet 
Rejected” showed just how much unnecessary 
duplication of effort can take place when 
people fail to examine and build on previous 
experiences. Similar studies on many aspects 
of animal traction (for example animal- 
powered gear systems, yoking designs or ani- 
mal-drawn seeders) would undoubtedly dem- 
onstrate similar repetition of work. 

While a review of previous experience should 
be regarded as an essential part of any equip- 
ment selection and development programme, 
caution is required in interpreting published 
reports and personal communications. People 
inevitably prefer to portray their work as 
highly successful and generally emphasize 
their triumphs rather than their disappoint- 
ments. Although many of the most useful les- 
sons come from apparent “failures”, in prac- 
tice few people are prepared to discuss or 
publish details of farmer rejection. In contrast 
very many rush into print when they have had 
an innovative ideh, and describe their proto- 

. types in glowing terms. Such optimistic com- 
munications ‘are indeed most valuable, pra- 
vided they are presented by their authors as 
interesting but unproven ideas, and provided 
they are understood merely to be this by their 
readers. Far too often equipment designs have 
been misleadingly presented, or wrongly inter- 
preted, as being highly successful, even when 
they had not passed any tests relating to 
farmer adoption. 

In many cases a few weeks or months spent 
tracking <own relevant reports and communi- 
cating with. colleagues in the same country, 
and in other countries, can save months or 
years of unproductive design or evaluation 
work. 

6.5 Research and development 

A summary of the stages involved in practical 
research and development work on animal 
traction equipment was drawn up by a discus- 
sion group at the Networkshop “Animal 
Power in Farming Systems” (Starkey and 
Ndiame, 1988). The stages listed were: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Identification of needs: study of the farm- 
ing system in which equipment will be 
used, and context of work for which it will 
be selected or developed. 
Operational requirements: definition of 
exactly what the equipment is required to 
do. 
Specifications: clear listing of weight, 
draft, size, working width (requirements, 
limits), affordable costs, technical level of 
users, maintenance requirements, working 
life. 
Study of options: review of available 
equipment (locally r from other coun- 
tries) that meets specified requirements. 
Selection of design. If none available de- 
velopment of new prototype or adapta- 
tion of existing equipment. 
On-station testing and evaluation of se- 
lected design. 
On-farm testing and evaluation with far- 
mers. 
Standardization of appropriate design, 
with formal drawings. 
Small batch production and distribution 
to farmers. 

10. Further on-farm evaluation with farmers 
to establish durability &:*A z;litabilitp. 

11. Economic studies and assesr;ment. 
12. Large scale production and extension. 
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This list should not be taken as definitive (for 
example socioeconomic determinants such as 
risk have not been cited) but it is helpful for 
identifying a desirable methodological se- 
iuence. Although the list implies a series of 
logical processes, each dependent on the suc- 
cess of previous stage, this should be treated 
with caution. Economic studies could usefully 
be included as sever+ stages of the develop- 
ment process, and there will be circumstances 
when technology can be tested by farmers 
without first having completed on-station 
evaluation. However the sequential concept 
can be helpful when iuentifying the areas in 
which individuals and organizations should 
concentrate their time and resources. 

It is clear that stages l-3 (identification, de- 
finition, specification) are highly specific to 
particular localities and farming systems. 
These will have to be carried out to a greater 
or lesser extent by each national or area pro- 
gramme, although there 4 much scope for 
building on the experience of previous work 
in nearby or similar ecosystems. Stage 4 (over- 
view of options) is particularly important as 
this provides much scope for selection from 

existing variation, so building on existing 
knowledge. 

Unfortunately, in recent times national agri- 
cultural engineering departments, projects, 
universities and international research centres 
have often started at the phase of prototype 
development in areas of particular interest to 
staff members. They have often neglected the 
earlier methodological steps (l-4) - and 
omitted to precisely define priorities and ac- 
tual requirements. It is often both arrogant 
and unrealistic .to suppose that a new design is 
required and that it can be quickly and easily 
produced by a small organization (project, de- 
partment or manufactuier). Actual experience 
in recent years has shown clearly that most 
animal traction equipment prototypes have 
been very expensive in terms of human time, 
and largely ineffectual in terms of farmer ac- 
ceptance. Undoubtedly there must be roqm 
for imaginative invention and innovative ex- 
perimentation in order to produce completely 
new j designs for farmer evaluation and 
possible overall progress. Nevertheless with so 
much previous work in this field, those in- 
volved in development programmes with 
1imitt.d resources should understand that the 

creative adaptation of proven designs, 

Fig* 66: On-station testing of a Wradkg cultivator in Nigeria. %4e unimais, pwple, soil conditions and 

techtological environment of a resemh station are seldom representative ojtlw local jar,ning systems. 
Photo: Enoch Gwani 
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achieved by engineers working closely with 
farmers, is much more likely to bring benefi- 
Gal results than are attempts to produce en- 
tirely new designs. 

Adaptation work or prototype development 
should generally be undertaken in close co- 
operation with farmers, local manufacturers 
and village artisans. The importance of invol- 
ving blacksmiths in equipment development is 
discussed further in Chapter 11. It is also 
most important that the testing and modifica- 
tion of equipment are carried out in condi- 
tions representative of those in which the 
equipment will be used. While there is a role 
for on-station trials in the screening of new 
designs, this stage should be kept to the mini- 
mum. Wherever possible from the very first 
year there should be replications of trials on 
farmers’ fields. Where this is not possible, far- 
mers’ advice should still be sought, and they 
should be actively involved as participants or 
external consultants in planning, executing 
and evaluating research programmes. 

The common image of farmers as always con- 
servative can be quite misleading when it 
comes to research and the evaluation of new 
equipment designs. It is quite natural that far- 
mers should be reluctant to risk their liveli- 
hoods and scarce resources on the wholescale 
adoption of unproven techniques. Had they 
been so gullible, many a farming family would 
have suffered badly as a result of the mis- 
placed confidence, enthusiasm and persuasion 
of research and extension workers. Farmer re- 
alism in the face of unproven equipment de- 
signs should not be misinterpreted as indicat- 
ing total resistance to change. In almost all 
circumstances there are farmers willing to try 
out new implements and techniques; indeed 
farmers are often ahead of researchers in this 
respect (Richards, 1985; Starkey, 1987). If fzr- 
mers are asked to devote more than a small 
proportion of their land or labour to testing a 
new idea, there may well be a need for some 
form of insurance/compensation should the 
innovation prove disastrous. Should no far- 

mers be williig to evaluate an implement with 
such guarantees, then it is probably more real- 
istic to doubt the relevance of the innovation, 
rather than to cite farmer conservatism. 

Should it be thought that the importance of 
farmer involvement is being belaboured, a re- 
view of animal traction equipment research 
programmes in almost any country would 
demonstrate what a vast amount of time has 
been wasted in recent years because of failure 
to involve farmers. The persistent recurrence 
of researchers developing equipment that is 
too heavy, too expensive, too complicated, too 
delicate, and/or too difficult to manoeuvre 
adds up to a frighteningly high waste of 
human and financial resources. To cite but 
one example during the past decade: a large 
team of ICRISAT scientists tried to develop a 
major “improved” system of farming based on 
new designs of animal-drawn equipment. The 
technology was developed, tested and “per- 
fected” for .several years on the research sta- 
tion before it was presented to farmers. Sub- 
sequent farmer adoption of the package was 
most disappointing. The research team then 
realised that only at a late stage in their pro- 
gramme, when the ftimiss thentsebes hod bcm 
confronted with the technology, had many of 
the real constraints in the farming system 
been identified (von Oppen es al., 1985). 

The conclusions of the West African Net- 
workshop on “Animal Power in Farming Sys- 
tems” (Starkey and Ndiame, 1988) seem ap- 
posite. R.esearch and development relating to 
animal-drawn equipment should have a multi- 
disciplinary and farming systems approach. 
More emphasis should be placed on social 
and economic criteria than has been common 
in the past. To prevent technically excellent 
but inappropriate equipment being developed, 
from the very Erst year of a research pro- 
gramme there should be replicates of on-sta- 
tion trials on farmers’ fields. Finally farmers 
should be closely involved in planning and 
evaluation at all stages of a research pro- 
gramme. 
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7. Im$lements commonly used for 
crop production 

, 

7.1 Ads 

Ards (uruire in French) are sometimes known 
as “breaking plows” or “scratch plows”. Dif- 
ferent types of ard have been in use for thou- 
sands of years and numerically they are the 
most itn?ortant animal-drawn implements in 
the world. Their development over the cen- 
turies and the different designs currently in 
use in different regions of the world have 
been well reviewed by Haudricourt and Dela- 
marre (1955) and Hopfen (lW9). 

An ard plow is symmetrical on ei’.ner side of 
its line of draft. As the share and plow body 
pass through the ground, the soil is fractured 
and disturbed equally on either side. Unlike a 
mouldboard plow, soil is not systematically in- 
verted. Typically the ard comprises a long 
wooden beam that connects with the yoDe; 
The plow body is made of wood to which an 

iron share is fitted. Many ards have a single 
wooden handle and the symmetry of design 
makes it easy to control the implement with 
one hand (Fig. 7-1, 7-2). Some ards, including 
those widely used in Egypt, have dual handles 
although one-hand control is common when 
soil conditions are favourable. 

Some I ard plows (including the Ethiopian 
maresirs beam ard) till a narrow width at a 
shallow depth (hence the description scratch 
plow), leaving small and irregular ridges and 
furrows. Weed control and seedbed prepara- 
tion are achieved through a series of cultivav 
tions (usually at least three) each at an angle 
to the others. By repeated cultivations most of 
the soil in a field becomes disturbed, with the 
later passes achieving a similar effect to that 
of a harrov: Weeds are not covered but are 
generally uprooted and remain with stones 

Fig. 7-l: Maresha ard in use in Ethiopia Photo: Paul Starkey 

Harnessing and implements for animal traction 
-_-_-__, lll___.-_l-_-~l. 

81 



tmplementa commonly used for crop production 

Photo: Paul Starkey 
Fig. 7-2: Plowing with an at-d in Egypt; in this case only one pf the two hmdles is being used to control the plow. 

and other trash at the surface, and in semi- 
arid areas this may result in quite effective 
weed control. 

Other ard plows (including some body ards 
and sole ards in use in India and north Africa) 
have quite large wooden plow bodies (Fig. 7- 
5). These follow the steel share through the 
earth, breaking up 4atively wide tracts of the 

Fig. 7-3: W~iopian maresha and its parts. 
A - Stilt; B - Sheath; C - Sole: !I - Share; 
E -Sheath; F - Leather strap; G- - Beam. 

Source: Goe, 1987 

soil (hence the description breaking plows). 
Although such ards do not fully invert the 
soil, they can often be used to systematically 
plow fields in a single pass, leaving most of 
the soil cultivated and weeds uprooted, buried 
or disturbed. This allows an appropriate 
seedbed to be rapidly achieved through sub- 
Sequent harrowing using, for example, a blade 
harrow or. ride-on levelling board, 

It has been argued that the symmetrical de- 
sign of ard plows makes them unsuitable for 
use with soil and water conservation tech- 
niques that require soil to be thrown to one 
side, such as contour bunding and bed forma- 
tion. In order to overcome such limitations, 
conventional ards have been fitted with wings 
or mouldboards. One recent research initia- 
tive involving such modifications in Ethiopia 
has been described by Jut& Anderson and 
Abiye Astatke (1586, 1988). 

The rnareslra ard (Figs. 7-1, 7-3) is the main 
animal-drawn cultivation implcmcnt currently 
in USC .in Ethiopia, with around three million 
employed. The I~UJTKS~U has recently been stu- 
died in detail by ILCA scientists (Gryseels er 
al., 1984; Gee, 1987). Ethiopian farmers 
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local timber aud leather, but purchase their 
shares from local blacksmiths. For initial cul- 
tivations a share of 5 cm width is employed. 

Ards are still commonly 
used for cultivation in 
north Africa, even in 
countries such as Mo- 
rocco and Tunisia where 
mouldboard plows are generally make their own implements from animal-drawn steel 

widely available, In Morocco, ards can last for 
very many years, and can be passed down from 
one generation to another (Elbatnane, 1983). 

Under typical farm conditions in 
the Ethiopian highlands a pair of 
indigenous oxen each weighing 
around 290 kg is used to plow at a 
depth of g-l.5 cm with a draft force 
of about 1.0 kN. During the first 
four cultivations, a tillage rate of 
about 210 m2 per hour can be 
achieved, representing 48 hours per 
hectare for each cultivation (Goe, 
1987). Experimental triais have 
suggested that overall cultivation 
times could be reduced by 50% 
through the use of mouldboard 
plows (Abiye Astatke and Mat- 
thews, 1982, 1983, 1984). Neverthe- 
less most attempts to introduce 
mouldboard plows at the small- 
holder level in Ethiopia have 
failed. Reasons for farmer rejection 

Fig. 7-5: An ard in central India. 
There are 30 million ards of 
many different designs 
in use in India. Photo: Paul Starkey 

Fig. 7-J: Some nrci de&m 
A- Ettlriopian mar&a; 

B - Egyptian bahdy plow; 
C * Nepal sol6 ard; 

D - Miarz body ard; 
E -A&ha&cm bo@ urd; 

F - C’yp~ sole ard. 
Source: after Hopfen, 1969 

have included higher 
cost, heavier weight, 
limited durability and 
difficulties in obtaining 
spares and repair ser- 
vices from villag:: arti- 
sans ‘(Goe, 1987). 

---- 
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Source: after Nolle, 19843 

Fig. 7-G: Evolution of the l&no1 
A Houe Sine toolbar (A} was combined with the long 
pole of an ard (B) to form n protatype long-pole 
toolbar (C), A double handle was fitted and it war 
developed to take plow bodies (l?), subsoiling sweeps 
(EL weeding tines {F) and other attachments, 
Although the Kanol bar been widely evalmted it has 
not been widely aakpted 

In recent years the government of Egypt has 
been advocating (and subsidizing) the promo- 
tion of motor-powered farm equipment, yet 
local artisans continue to make traditional 
ards to meet the significant demand from 
small farmers, the majority of whom use ani- 
mal-drawn ards. 

It is evident that, despite its antiquity, the ard 
should not be written off as a topic only for 
archaeologists and historians. The use of ard 
plows on a large scale has persisted in Asia, 
Africa and Latin America despite the promo- 
tion and spread of mouldboard plows. Ards 
are clearly well adapted to many present day 
farming systems. Thtir continued importance 
is well illustrated by the present situation in 
India. Western style mouldboard plows of 
good quality have been manufactured in India 
for several decades and are widely available at 
reasonable prices. Nevertheless their uptake 
has been quite slow. Between the years 1951 

a4 
- - -  ----_-_I___.-____--_-___ - - - - - - - . - - -  - - - - .  

GTZ/GATE Animal traction resource book 

and 1972 ;he number of mouldboard plows 
increased fro= one to five million (Shan- 
mugham, 1982). While thii may appear to be 
a very significant expausion, it has to be seen 
in the context of an inmuse in traditional 
ards (from 32 to 39 million) and a major up- 
take of seed-drills and sowing devices (from 
less than one million to four million in this 
period). 

Many aspects of ard design have evolved over 
centuries aud have been proven by use by mil- 
lions of farmers. Among the design features 
commonly found are: 

l the use of a single, symmetrical share set 
at a furcd angle to the ground; 

l use of a long beam (as opposed to a flex- 
ible chain) between the body of the im- 
plement and the yoke; 

l provision of a single handle for control; 
0 use ‘of materiah and construction tech- 

niques that allow fabrication by village ar- 
tisans. 

It is clear from the great success of the ard. 
that when combined, these (and other) char- 
acteristics can result in very practical imple- 
ments. However it is less clear which features 
are particularly critical, which might be 
changed, and which could be incorporated 
into other types of animal traction implement. 

Fig. 7-7: Prototype toolbat bused on 
fraditional Peruvian ard. 

A - Standard ard body; B - Earthing up body; 
C - Weeder; I) - Potato lifter. 

Source: nfler Herrandina. 1987 
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i SQlJrw: ILCA 1983 

Fig 7-8: A modi’ed maresha ard. 
It was de&o@ in Ethiopia by the International 

Livestock Centre for Africa (ILC4) to allow use by 
a single animaL The beam was shortened anQ a skid 

arui swingle tree were fitted. On-station maa& were 
encouraging but farmer uptake has been low. 

Some recent and on-going research may 
eventually help to clarify these points. 

Research being undertaken by CEEMAT in- 
volves the use of single symmetrical, angled 
tines for tillage in semi-arid conditions 
(Fig. 7-8). These have not been mounted on 
wooden beams (as is the case with ar-ls), but 
onto steel beams or toolbars, as commonly 
used in sub-Saharan Africa. it is too early to 
know whether these tines will prove to be suc- 
cessful for primary cultivation, but the initial 
research reports of field trials seemed encour- 
‘aging (Le Thiec and Bordet, 1989). 

Fig. 7-Q: Rototyyx single tines for primary cultivation 
tested by CEEMAT. Design D, (‘RR”- rdversible d 

ressort) made in abrasion-resirront manganese-silica 
steel pegormed best in m-a&. CI u 

J . . $flQ 
B 

c 

2 - T-20" _ 

C ! I D 

3 spJ-z:!;'- 
- 

Source: after Le thiec and Bordet, 1989 

In Peru, research is being carried out on com- 
bining many’ of the design features of tradi- 
tional ards with the concept of multipurpose 
toolbars that can accept different steel attach- 
ments to assist ridging, weeding, potato lifting 
and inversion plowing (Fig. 7-7). While most 
of the principles of use remain the same, the 
complexity of manufacture, assembly and ad- 
justment of the ard have been increased signi- 
ficantly. This ard has recently started to be 
marketed in Peru (Herrandina, 1989), and is 
being field tested in Niger (Projet Producti- 
vitC de Niamey) but it has yet to pass the test 
of widespread adoption. 

In 1974 the agricultural engineer Jean Nolle 
developed a multipurpose long-beamed tool- 
bar in Nicaragua. by combining the principles 
of the local ard with the successful “Moue 
Sine” toolbar (Fig. ‘7-6). This implement was 
subsequently developed and marketed as the 
“Kanol” (Nolle, 1986). As it developed it lost 
alllinks with the ard except far the continued 
use of the long beam. It is a relatively sophis- 
ticated steel implement, guided by two (not 
one) steel handles, and a wide range of steel 
tools can be attached to it. In comparison to 
an ard it is (like other steel toolbars) compli- 
cated, expensive and difficult to manufacture. 
Although the Kanol has been tested in 
numerous countries, it has never achieved the 
same popular success as the traditional ard or 
the Houe Sine. 

In Ethiopia, the International Livestock 
Centre for Africa (ILCA) modified the local 
maresha ard for use with a single animal 
(ILCA, 1983b). This involved replacing the 
traditional long beam with a shorter beam 
and skid, that connected to a swingle tree and 
traces, To date farmer acceptance has been 
negligible. Since the various changes (ard, 
single animal, different yoke design and use of 
traces) have all been brought together in one 
package (and so statistically confounded), it is 
difficult, at this stage, to judge whether it was 
the change in the beam length of the mar&a, 
or some other factor(s), that were critical. 

. 
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While the ard has been introduced by many 
migrants and settlers in historical times,.lead- 
ing to a worldwide diffusion, there seems little 
evidence of ‘ards being introduced successfully 
in recent years. For at least fifty years, visits to 
Asia by officers responsible for anim@ trac- 
tion programmes -in subSaharan Africa have 
led to specific recommendations to eviiluate 
traditional Asiar! =-~+r?~ equipment in 
Africa. Only some of these suggestions .were 
acted on, and to a very limited extent, but 
none led to significant adoption, The appar- 
ent lack of success of such initiatives may 
have been related either to perceived techni- 
cal disadvantages relative to steel mouidboard 

5. plows, or to the difficulties experienced in 
training. local artisans to fabricate wooden 
ards. At a national or project level the orde- 
ring of factory-manufactured steel implements 
may w-e11 have been administratively conveni- 
ent and perhaps commercially expedient. 
However such inlluences should not have 
prevented smaller non-governmental organiz- 
ations from developing the use of ard plows in 
Africa. While advocates for the use of ards 
argue that the absence of the ard south of the 
Sahara is simply due to lack of promotion, 
other people consider that lack of diffusion 
and farmer adoption is because the ards that 
have been tried have been rejected. 

Thus while it is evident that ard plows can be 
highly effective in farming systems whe:e they 

Fig. 7-10: Chinese single-imdled, wooden ‘bwing” 
plow with synme&xd cast-iron share. 

have been traditionally used, including North 
Africa and Ethiopia, it is not at all clear 
whether ards could prove to have an increas- 
ing role elsewhere in Africa. In conclusion: 

l Ards should certainly not be dismissed 
merely because of their simplicity and 
their antiquity. 

l Design features that have contributed to 
the widespread success of ards might well 
be incorporated into designs of other ani- 
mal traction implements. 

7.2 Mouldboard plows 
Mouldboard plows are asymmetrical around 
their line of draft. They lift and turn the soil 
to one side, inverting it. The degree of inver- 
sion depends on the cohesion of the soil and 
the shape of the mouldboard. As it moves soil 
to one side, the mouldboard plow clears a dis- 
tinct furrow. By continually turning soil into 
each previous furrow a farmer can systemati- 
cally cultivate a field in one operation, cover- 
ing both weeds and surface trash. 

Historically mouldboard plows were de- 
veloped mainly for swamp-rice production in 
humid climates and for rainfed crops in tern- 
perate climates. In these circumstacses they 
provide quite rapid tillage that is combined 
with effective weed control and the incorpora- 
tion of organic matter, Advantages of inver- 
sion in temperate climates are said to include 
improved aeration and drainage and the expo- 
sure of soil to the weather elements to accel- 
erate the breakdown of soil into a fine tilth. 

In the tropics, and in particu- 
lar in semi-arid areas, such soil 
inversion may not be desirable 
as it may increase the rates at 
which soil moisture is lost and 
humus is decomposed; in the 
tropics a fine tilth may be dan- 
gerously susceptible to both 
wind erosion and heavy rain- 
storms. 

Photo: Paul Starkey 
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Single handled, mouldboard plows without 
any wheels have been used widely for more 
than two millennia in China, Japan and south- 
east Asia, mainly for rice production. Some 
modern plows from these countries are simi- 
lar to very old designs, comprising a simple 
wooden or steel frame with one handle onto 
which fit symmetrical, cast-iron shares and 
mouldboards (Fig. 7-10). 

In Europe mouldboard plows have been used 
for about two thousand years. Early designs 
were made mainly of wood and had flat 
wooden mouldboards with a two-wheeled 
forecarriage to support the PioW beam. Over 
many centuries wood persisted as the main 
construction material, although iron compo- 
nents became increasingly used. It was only 
about a hundred years ago that steel of a suit- 
able quality became available at an appropri- 
ate price to allow it to replace wood as the 
major component of the western plow. Steel 
mouldboard plows became standard tillage 
equipment in Europe, North America and 
temperate climates around the world, During 
the present century they have often become 
increasingly important in countries using 
traditional ard plows. Various designs of 
mouldboard plow have been introduced into 
the countries of subSaharan Africa, and often 
they have become the main implement for 
animal-drawn cultivation. 

A wide range of mouldboard plow types has 
been evaluated in Africa this cen- 
tury, and from, the numerous de- Fig. 7-12: 

Source: after Viebig, 1982 

Fig. 7-11: Mouidboard plow of design used in 
Eurr;rpe, but selriom seen in Africa A - Knife 
cdter; B - Funvw wheel; C - Forecaviage. 

and since it Can be subject to rapid wear, it 
may be detachable to allow it to be replaced 
independently of the landside. The use of 
countersunk bolts has become standard to re- 
duce wear and friction; these have square 
shanks to allow them to ‘be tightened and 
slackened in the absence of a hexitgonal head, 
and this means that spare parts such as shares 
must have square, countersunk holes of simi- 
lar size. (Incidently, this teature causes prob- 
lems for village blacksmiths and small-scale 
workshops, since punching a square hole is 
much more difficult than drilling a round 
one). The central frog is bolted to the main 
beam, usually a strong, J-shaped piece of steel 
of rectangular or “I” cross-section. The beam 
is usually about one metre in length, which is 
short compared with the old European plows. 
The attachment point of the traction chain 
may be along the length of the beam or at a 
terminal Itake; in either case there is provision 
at the end of the beam for lateral and vertical 

signs selected in different coun- TIIeparts of a 

tries, a clear pattern has emerged. mouldboard plow. 

Most plow bodies comprise a 
shaped central element, or frog, to 
which are attached a share which 
cuts soil, a mouldboard which turns 
the soil and a trailing landside 
which provides stability ‘against 
yawing and pitching. The end of 
the landside is known as the heel. 
The heel assists in controlling the Harlzonbl mgda)or (the d-dn may Instead attach to the 

haka~tor at tt!a end of the libeuT$ 

depth and the pitching of the plow Source: after Dibbits, 1987 
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Fig. 7-13: Mot&board prOws from southena 
and eastern Africa. 
Top: plow with chain attaching directly to hake 
manufhctwed on a large scale by WFI, Tanzania. 
Middhz plow with dtnfr rod manufachrred on a 
medium scale by Northland, Zambia. 
morn: Prototype plow with skid from Kenya. 

adjustment of the chain position. An ad- 
justable depth w?& is attached towards the 
front of the beam, and this is used to restrict 
the depth of glowing and reduce pitching. 
Most steel plows in use in Africa have double 
handles. (Fig. 7-13). 

Source: after ILO. 1983~ 

“S” indicates how 
the share size is defined 

Photo: Paul Starkey 

These standard implements have arisen from 
the evaluation of a large range of possible 
plow designs. Such plows have evolved as an 
acceptable compromise between the require- 
ments of low cost, simplicity, low weight and 
convenience, with those of technical excel- 
lence during work. Several features that have 
been valued in Europe, such as coulters, fur- 
row wheels and reversible bodies have not 
been widely adopted. In most cases the re- 
jected refinements had increased cost, com- 
plexity and draft requirements more than they 
increased efficiency. 

Coulters were widely used on European plows 
and were considered particularly useful for 
plowing grassy land. In Africa they have sel- 
dom been used outside research stations. 
Knife couiters or disc coulters attach to a 
plow beam in front of the plow body and as- 

Fig. 7-14 (below): Prototype plow developed by art 
NGO project in Zaike, nnd subsequently made by 
village artisans. The prOw has a wooden beam, 
couiter and skti Couhers are seldom used ita AjKca, 
bur rhis one was being evaluated for plowing 
farmland inj&ted with rhizomarous grasses. 

-- l - . l_------ .~--  
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sist in obtaining a &an cut through vegeta- 
tion and the soil, They also help in maintain- 
ing stability and straight furrows but they in- 
crease the draft of the implement and add to 
the price, weight and the number of adjusi- 
ments. Disc coulters impose less draft than 
knife coulters, but are more expensive and in 
hard soils- they tend to ride up, reducing pene- 
tration. 

Although introduced and tested on many oc- 
casions, the carriage type of plow with a sec- 
ond and larger jittr~w wl~l (Fig. 7-11) that 
was widely used in Europe has seldom been 
adopted in developing countries. A furrow 
wheel, as its name implies, runs in the furrow, 
increasing stability by reducing yawing and 
rolling. Adaptations of furrow wheel princi- 
ples can be seen in intermediate tqolframes, 
such as the Arimra, that have been adopted on 
a limited scale in certain countries. The sec- 
ond wheel makes it easier to hold the plow 
upright during work and the great stability of 
such implements can be convincingly illus- 
trated during “hands off” plowing demonstra- 
tions (Fig. 7-15). Despite the advantages of 
the additional wheel, they have not been 
widely used in Africa, perhaps because far- 
mers have found their increased cost, weight, 
draft and complexity too great to justify, 

In contrast another plow refinement, the land 
wheel, has been almost universally adopted 
for the cultivation of rainfed crops, Land 

wheels are not essential and can be positively 
disadvantageous for swamp cultivation. Tradi- 
tional Chinese and Japanese plows have not 
used land wheels. However a swilzg plow, one 
without a whee;, requires much more effort to 
control the working depth dnd the pitching 
tendency of the implement, particularly when 
the animals surge forward or slow down. A 
simple skid (Figs. 7-13, 7-14) made of wood 
or metal has the saAae effect as a wheel in 
providing stability and preventing the plow 
from di&ng too deeply, In very muddy condi- 
tions, or where there is much surface vegeta- 
tion, a skid has less tendency to clog than 
does a wheel. Skids are easier and cheaper to 
make than wheels and require much less 
maintenance. An indication of the problems 
of wheel maintenance can be gathered by the 
number of times one sees (or hears!) wob- 
bling depth wheels that have had their bear- 
ings, axles and even wheel centres worn away 
to almost nothing. Nevertheless a skid usually 
imposes more resistance than a wheel and is 
less convenient for the farmer during trans- 
port to the field and in turning at the ends of 
rows; consequently skids are not widely used. 

The length and shape of the mouldboard has 
a great ‘influence on the quality of work, 
Under one, largely outdated, system of plow 
classification in Europe a getteral pttpose or 
comnton plow body was one with a long, gent- 
ly curving mouldboard that kept cohesive soil 

intact in long continuous 
seams that were often in- 
verted through l35O to lie 
at an angle of about 45O to 
the horizontal. Such plow 
bodies are seldom found 
in developing countries al- 

Fig. 7-15: Ariana tooljkune 
jirted Will1 two wlzeels nnd (1 

mouldbomd plow being rued in 
n %onds-crff pk.ming 

demonstration in Lesotho. 
(The designer of ihe Arinna, 

Jenn No/k, is walking b&k 
the plow). 

Photo: Peter Munzinger 
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Sources: after: LCQ 1984; Vieblg, 1982; AFTC, 1W3 

Fig 7-M.- I8xddbonrd ptow bodies and wearing parts. 
A. Ewopean styli? %ommon u or “&eneral pwpose” body,. nare& seen in Afica 

B. hCo*ttincntal’q body. C. “Generalpwpwe” body. fi. ‘Semi-digger” body. 
E. Slip share, moutdbcaard nnd Iandride shuwing typica!pllrtents of wear. 

though some training manuals appear to have 
been based on the assumption that. such im- 
plements were in common use. A digger body 
has a shorter mouldboard that causes the soil 
seam to break as it turns, and most plow types 
in, use iu Africa are of this diser or semi-dig- 
ger type (Fig. 7-13). Semi-digger plows can 
have cyli~tical or semi-helicoidul +-aped 
mouldboards (Fig. 7-16), and these different 
shapes can make a major difference to the 
quality of land preparation. The choice of a 
suitable design depends not, only on soil type 
but also on the time between plowing and 
sowing. For rapid cultivation in relatively light 
and sandy soils the action of a short, cylindri- 
cal mouldboard (which is particularly easy to 
manufacture) can assist the rapid breaking 
and loosening of soil for immediate light har- 
rowing or direct planting. A semi*helicoidal 
shape produces a more gradual inversion 
which is suited to areas of high weed infesta- 
tion in more humid climates, where complete 
burial of the weeds is important. Semi-helicoi- 
dal mouldboards are generally preferred for 
areas with cohesive soils and are often com- 
bined with the practice of thorough harrow- 
ing. If farmers have not had an opportunity to 
assess different plow bodies within their farm- 
ing systems, providing them a chance to do so 
might well prove a valuable exercise. 

The length and angle of a plowshare deter- 
mines the width that the plow cuts. The 
quoted size does not actually refer to the 

dimensions of the share itself, but to the 
width it wili cut (Fig. 7-13). Despite the wide- 
spread use of nietric +ts, share sizes are 
often still expressed in inches (pouces), even 
in francophone countries. Small shares re- 
quire less draft power but as each plow turrow 
is small it takes& longer to cultivate each hec- 
@re. With a 6” (15Omm) plowshare, the plow 
(and farmer) has to travel about 66 km to cul- 
tivate each hectare. With a lo” (25Omm) share 
the distance is 40 km. Most mouidboard 
plows in use in Africa have shares of 7-9” 
(180-23Omm) although in Botswana some 
plows have large 15” (38Omm) shares which 
require the strength of several animals. Plow- 
shares are usually of the slip share type 
(Fig, 7-16) and, as wei,ring parts, they are de- 
signed to be regularly sharpened, reworked or 
replaced- In abrasive soils a share may last for 
only 2-4 hectares, while in other soils a share 
can last for seveial seasons. A worn plowshare 
cuts’ a smaller furrow and can eventually lead 
to the plow body itself becoming worn which 
is mu& more difficult to repair. Lightly warn 
plowshares can be reworked into an accept- 
able condition by village blacksmiths and ne,-v 
ones’ can often be made from the leaf springs 
tif old vehicles. 

In addition to plowshares, the hee!s arid land- 
sides are wearing parts that need regular at- 

tention and repair or replacement. Although 
neither is essentlal (some Chinese or 
Japanese plows lack them) both greatly im- 
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Photo: Paul Starkey 
Fig. 7-I 7~ Qouble jkrrow plow in Botsivana. 

While this double plow (with a drawbar instead of a 
traction chain) is an experimental prototype, there 
arc ubout 9LW double furrow plows with similar 

plow bodies in Botswana. They are pulled by team 
of 8-l 6 animals. 

prove the handling characteristics of plows. A 
long landside which trails along the bottom of 
the furrow wall helps to absorb the lateral 
(yawing) forces associated with the asymmc- 
trical shape of mouldboard plows, making it 
easier to plow a straight furrow. The heel as- 
sists in depth control by lightly scraping the 
bottom of the furrow, so reducing any tend- 
ency of the plow to pitch. If heels and land-, 
sides are not maintained, the ease of handling 
gradually deteriorates, and eventually the 
frog-piece starts to wear. Land wheels often 
wear rapidly as abrasive soil particles enter 
the wheel bearing. Preventive maintenance, 
notably regular cleaning, may preserve :4e life 
of a whet! but there is controversy ;1s to 
whether greasing the axle of a wheel is desir- 
able. Greasing reduces friction, but if a seal is 
absent, or worn, abrasive particles combine 
with the grease to form a grinding paste, 
which can actually accelerate xar. In such 

circumstances it may be better to keep un- 
sealed bearings dry so that abrasive particles 
leave as easily as they enter. Although village 
blacksmiths can do remarkable repairs, it has 
frequently been observed that farmers find it 
particularly difficult to maintain wheels in 
good condition. 

Double-furraw mouldboard plows may be used 
where draft animals are readily available but 
where time and human labour are in short 
supply. Inevitably the second plow body in- 
creases the draft requirement substantially 
compared with a single plow and this nor- 
mally necessitates large teams of animals pull- 
ing the one implement. Large teams are less 
manoeuvrable than small teams and so more 
time is lost in turning. The main advantage of 
large teams is that a small number of people 
can control many animals. Double and even 
triple plows were widely used in North Ameri- 
ca in the fust half of this century, and they 
were often used by one or two workers COL- 
trolling teams of 4-12 large horses. Where la- 
bour is available, plowing may be achieved 
more quickly and more simply by harnessing 
the extra animals to a second single mould- 
board plow. Investment in two single plows 
allows a farmer greater overall flexibility in 
resource management than does the purchase 
of a double mouldboard plow. Double plows 
are sometimes used in Botswana with teams 

Fig. ?- 18: Prototype double @row plow built by 
C’AMERTEC in Tanzania. IS some parts of 
Tanzania farmers use team of oxen, but few 

double-fumw plows are in use. 

sol me: ILO, 1963g 
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Sources: after: Hopfen, 1989; CEEMAT, 1971 

Fig. 7- 7 0: Reversible plows. 
Top: Inexpensive tiversible design that is pite wide& 

used in India, showing the methad of rotating the 
mouldboard to the other side at tire end of a row. 
Bottom A more expensive design of plow with two 

bodies that are alternately s)cung i rto place. Designs 
such as this have been tested ir several African 

counm’es, but have generally been found too heavy 
and +ensive for use in the local jamring systems. 

of eight or more arlimals, but they are seldom 
seen elsewhere in Africa, 

Reversible plows, sometimes knowu as one- 
way or rum-wrest (wrest = mouldboard) turn 
soil TO the left or right depending on the set- 
ting, The standard mouldboard plow always 
turns the soil to the right, so that plowing is 
usually done by progressively moving around 
fields or parts of fields, with .furrows facing 
opposite directions on either side of 
the plowed areas. This inevitably 
leads to some unfilled furrows or 
ridges wherever the two directions 
of plowing meet, although such cf- 
fects can be minimized by technical 

skill. With a reversible plow a farmer can 
steadily move across a field, creating the 
seams and furrows in just one direction. This 
may be particularly useful for contour plow- 
ing in hilly areas or for maintaining the uni- 
formity of level in irrigated or terraced land. 
In most circumstances, farmers feel the ad- 
vantages do not sufficiently compensate for 
the additional weight and complexity. In the 
simpler forms of reversible plow the share is 
symmetrical (like that of an ard) qnd only the 
mouldboard is moved. In more expensive arid 
heavier models a second plow body can be 
brought into use on alternate rows (Fig. 7-19, 
bottom). Significant numbers of simple re- 
versillle plow, have been adopted in India 
(Fig. 7-19, top). In Angola about 45% of the 
estimated 150,000 plows in use are reported 
to be of a simple reversible design. Elsewhere 
in Africa, reversible plows are seldom seen 
outside research stations, although the use of 
heavy reversible plows pulled by teams of four 
to eight animals has been reported from cer- 
tain rice cultivating areas of Madagascar 
(FAOKEEMAT, 1972). 

7.3 Ridging plows 

Ridging plows are symmetrical around their 
line of draft and the two mouldboards turn 
soil to both sides (Fig. 7-22). In each ~,ZTS 
through the soil a ridger makes one furrow 
and two small ridges. In normal use the fur- 
rows are so spaced that two small ridges are 

“Em,*ot ” ridging Flow in The Gambia 
Beside it are ridging bodies designed to jit 
the Unibar/Pecotool (lejt) and the Houe 
Sine (right) multipurpose toolbars. The 
Hotre Sine ridging body with high wings is 
designed for earthing up, rather thm 
primary I : Qing. 

Photo: AFRC-Engineering archives 
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Fig. 7-21: “‘In~nki” high wing ridger, 
manufactured in Zimbabwe. 

combiired to make one larger one. Thus on 
every pass the ridger completes one ridge and 
forms one half of the next one. Because of 
their wide working width ridgers have a high 
draft. In light soils or with heavy animals it is 
possible to form ridges on seasonally fallow 
land, but in other conditions soil may have to 
broken with tines or a mouldboard plow ,to 
make it light enough to ridge. Ridgers may 
have mouldbsards (wings) that adjust in elev- 
ation or in the angle between the wings. This 
permits ridges to be made of different shapes 
and heights. 

Ridging can be quite a fast system of soil cul- 
tivation. This is due both to the wide working 
width, and the fact that 
not all the land is 
tilled. The land under 
the ridges is not dis- 
turbed, and if ridges 
are spaced at 90 cm the 
ridger only travels 
11 km per hectare (in 
comparison to 43 
km/ha for a 9”/23 cm 
mouldboard plow). 
Permanent ridges may 

Fig. 7-22: 
Ridging in Nigerifi. 

Photo: Enoch Owani 

lead to the development of hard layers of soil 
difficult for roots to penetrate. This leads to 
the practice of ridge splitting which, if carried 
out in dry conditions, imposes a very heavy 
work load on animals (Stokes, 1963). 

Ridging as a method of cultivation developed 
in many African countries before animal trac- 
tion was introduced. Cropping cn ridges is 
common in several areas including the savan- 
nah regions of Nigeria, in the west of The 
Gambia and in parts of Malawi and Zim- 
babwe. In certain climatic zones ridging may 
be valuable as a means of soil and water con- 
servation, and some of the benefits may be at- 
tributable to the labour-intensive operation of 
ridge-tying (discussed in section 9.5). Planting 
using animal power is more difficult on the 
ridge than -3n the flat, and while animal-drawn 
ridge seeders have been developed in several 
countries, they have usually been less effective 
than seeders designed for level ground. Hand 
weeding with hoes along ridges is more time- 
consuming than within-row weeding on the 
flat, but inter-row weeding and re-ridging with 
a ridger can be effective and ridges are more 
easily followed than rows, In certain areas, 
notably northern Nigeria, the ridger is often 
the only animal traction implement, being 
used for primary cultivation, weeding and ear- 
thing up. 

_^_I__--__--.- . . --__-_L.-I I  
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Ridging plows are seldom used for primary 
cultivation in francophone West Africa but 
“e&hing-up” .” ridging implements may be 
used for weeding Crops such as cotton and 
maize. Such earthing-up ridgers (burteuses) 
are designed primarily as secondary cultiva- 
tion implements, and Bre often attached to a 
multipurpose toolbar. The shape, strength 

7.4 Harrows 

Narrows are mainly used to crush clods and to 
level a seedbed after plowing. They are also 
used to control weeds and to cover seed or 
fertilizer that has been broadcast. In tem- 
perate climates they are used to aerate pas- 
tures. 

and wearing characteristics of such earthing- 
up ridging bodies have been designed for 

7Ine harrows are characterised by a wide 
working width and many small cultivating 

inter-row weeding and earthing-up, and so points, generally made of steel. Disc harrows 
such implements are unlikely to be found usually comprise two gangs of steel &cs 
ideal if used as ridging plows for primary cul- which pulverise clods into a fine tilth. Because 
tivation. of their rolling design, animal-drawn disc har- 

Fig. 7-23: Tine harmws 
A and I3. Steel z&zag hamws (“seed hamws”). C. Chisel-tine harrow. 

D. Triangular wooden hamow with steel tines. E. Chain hamow (rarely used in Africa). 
F. Wooden rectangular peg-tooth hawow with rigid comtmctim. 

----_-v --_- ---._I_.-- .---- ---- 
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Fig. 7-24: Ride-on disc harrow 
Such implememr are commordy employed in India, 

but &dom used in Ajkica 
rows are often ride-on implemenrs, with the 
weight of the operator increasing the effcc- 
tiveness of work (Fig. 7-24). Although animal- 
drawn disc harrows are quite widely used in 
India, they aie rarely seen in Africa. They tie 
expensive, heavy to transport to a field and 
their high working draft requires strong ani- 
mals. Some rotary implements may. be used 
for rice production (see section 7.9). 

Tine harrows may have rigid or flexible frames 
and the cultivating points may be rigid peg 
tee& or spring tineA. Rigid harrows often have 
a triangular or rectangular wooden frame and 
UT30 steel tines (Fig. 7-23~, F). These can be 
easily manufactured by tillage artisans (Mac- 
Pherson, 197s; Starkey, 1981). Wooden pegs 
can be used instead of steel tines, but these 
are less durable. Peg-tooth .harrows are quite 
heavy and one tcason for their limited adop- 
tion in Africa is the difficulty of transporting 
them to a field in the absence of carts. A sec- 

Fig; 7-25: A prototype multQ.urpose tool developed 
in India that is designed to function in the same way 

as the traditional blade hanow. 

ond disadvantage can be the speed at which 
normal timber can rot. or be-come infested 
with insects, so causLlg the tines to loosen or 
the woodea frame to break during work. The 
use of local varieties of very .hard, resistant 
timber reduces this problem, but at t;%e cost OI 
greater mz@acturi~g diff%ulty, 

Eke1 zigzag or &z~ond harrows (Fig. 7-Z~A- 
c)are mere widely used and last longer than 
wc.odea harrows. These are generally manu- 
factured in small factories and are more ex- 
pensive than wooden framed harrows, The 
draft of peg-tooth harrows depends on soil 
conditiolrs, the weight of the harrow (and any 
logs added to increase penetration) and the 
number, angle and sharpness of the tines. 
Tines angled towards the direction of travel 
increase both penetration and draft. In 
general terms, a 15-20 tine peg-tooth harrow 
is likely to have a comparable draft require- 
ment to that of a 9”/23Omm mouldboard plow. 

One disadvantage of a harrow with a large, 
rigid frame is that’ the implement is not ca- 
pable of responding to minor undulations in 
the surface of a field. This problem can be re- 
duced if two, or more, smaller harrows in par- 
allel replace one large harrow, or through the 
use of a jkxible or a chain harrow. Animal 
drawn chain harrows pulled by teams of large 
horses were widely used for pasture manage- 
ment in temperate climates. Such harrows * 
usually ‘have more than 60 points and the 
draft is excessive for normal tropical applica- 
tions. With an assumed draft resistance of lO- 
60 N per tine, harrows designed to be pulled 
by pairs of oxen should not normally exceed 
15-30 points (CEEMAT, 1968). 

In India blade hamws are very widely used, 
particularly in semi-arid areas. The sharp met- 
al blades about 400~600mm long are attached 
to a wooden frame, and are pulled through 
the soil about 50mm below the surface 
(Fig. 7-26). They loosen the soil and cut roots 
without disturbing the trash on the soil sur- 
face. By not turning or mixing the soil surface 
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Photo: Paul Siikciy 

Fig. 7-26: Bkuie harrow being used in India 

they cause less moisture loss than a tine har- 
row. There appear few records of simple blade 
harrows being used in Africa. However wide 
sweeps litted to toolbars and wheeled toolcar- 
riers that may have been functionally com- 
parable to blade harrows have been tested in 
several countries. These have seldom been 
found satisfactory, with probiems of trash 
clogging the implements, very high draft, and 
disappointing weed control for the work in- 
volved (EPSAIP, 1984). 

Animal-drawn ruZZers were commonly used to 
crush soil clods in temperate agriculture, but 
they have not been adopted in the tropics; 
this seems largely attributable to their heavy 
weight, high draft requirement and cost. 

Cultivators may be used to achieve the same 
effect as harrowing and these are discussed in 
section 7.6. 

7.5 Seeders and planters 

With the notable exception of Senegal and 
Mali in West Africa, animal-drawn seeders 

have seldom had the same degree of success 
as have plows and cultivators. This is because 
seeding can often be done quickly and effec- 
tively by hand while mechanical sowing de- 
vices are usually expensive and often require 
ideal working conditions. 

The objective of sowing is to place seeds at an 
appropriate depth in the soil with an optimal 
spacing between seeds. It has repeatedly been 
shcwn by comparative trials that accurate 
planting produces higher and more reliable 
average yields than random seed placement. 
The zbject of a seeder is to obtain such acarr- 
ate and reliable seed placement conveniently 
and at an accepfuble COSL In the past twenty 
years many organizations and projects in de- 
vzloping countries have invested time and 
money in trying to achieve these goals. Most 
initiatives have failed. In some cases the 
mechanism was simply not effective; in others 
the implements worked perfectly on research 
statious, but could not cope with the variable 
seed size and soil conditions of real farms; li- 
nally there were those that met all the techni- 
cal requirements, but which were not cost-ef- 
fective in the prevailing farming systems. 

The main manual techniques for sowing are 
broadcasting, dibbling and drilling. Broadcast- 
ing involves the scattering of seeds over the 
soil surface followed by some mixing of the 
topsoil. Dibbling necessitates the making of a 
small hole into which are dropped orhe or 
more seeds. Drilling is the process of making 
a narrow furrow into which seeds are placed 
at regular intervals after which the furrow is 
covered with top soil and loosely compressed. 
The various manual processes may be either 
combined with, or replaced by, animal trac- 
tion techniques. 

Broadcasting has historically been the major 
method of seeding grasses and small cereals 
such as wheat, teff and rice. When broadcast- 
ing is combined with animal traction, soil is 
generally plowed several times to obtain a sat- 
isfactory seedbed, or plowed once and then 
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Fig. 7-D Multi-row cereal seeder. 

harrowed. The seed is scattered by hand and 
then a light seed harrowing (or seed plowing 
with an ard) ensures that seed is incorporated 
into the topsoil. Once seed is distributed in 
this way, further animal traction operations 
are virtually impossible without damaging the 
crop. Very light harrowing as a means of early 
weeding is technically possible but seldom 
practised in the tropics. The broadcasting of 
wheat and rice may be replaced by animal- 
drawn single-row seeders or multi-row seed 
drills. The narrow inter-row spacing favours 
multi-row seeders, and designs of these arc 
commercially available (Fig. 7-27). Dibbling 

Fig. 7-28: 
Prototyp 

animal-drawn 
rolling injection 

planter. Plmters 
sm-h m this, based 

on seeder units 
developed by IITA, 

have been evnhtnted 
in several countries, 

but have yet to be 
widely adopted. 

has traditlantir !y i,\volved the use of a simple 
hoe or stick to -make holes into which seeds 
are dropped, [hi: holes are then covered with 
soil using a foot. Although the work is te- 
dious, fast rates can be achieved. Further, 
while seeders are designed for uniform areas, 
fxmers’ fields are highly variable, and with 
dibbling a skilled farmer can adjust popula- 
tion density very accurately to the micro-relief 
or fertility patterns of a field. Hand dibbling 
can be on ridges or on the flat, can be in rows 
or evenly spaced and can involve single seeds 
or groups of seeds (hill planting). Dibbling is 
therzforc a very flexible system of planting 
that is difficult to mech,anize effectively. Roll’ 
ing injection planters, such as those developed 
by IITA in Nigeria and widely evaluated else- 
where, are based on the dibbling principl;. 
These seeders can be made as multi-row units 
to bc pulled by animals, and ;:titotype ani- 
mal-drawn rolling injection planters have 
been built by appropriate technology organiz- 
ations in several countrie;:. Small numbers 
have been manufactured by the UPROMA 
factory in Togo (UPROMA, 1.984 St 1986; 
Fig. 7-28). To date the uptake of these has 
been minimal and reasons for this may be as- 
sociated with the high cost of these imple- 
ments and the problems cvpcrienced by far- 
mers in obtaining consistent results under 
field conditions. Dibbling can often be re- 
placed by some form of drilling. 

Most animal drawn s&ders are based on the 
drill principle, and have a @row opener that 
penetrates the soil, a metering mechanism, 
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SOkJM8: 
Giteand PlNI&lQM 
silsoe. 1983 
HoPfen. 1969 

Fig. 7-B: Simple hand-me&d tube seedem, 
Abow ri#ilt 

htotpe simpb seeder-weed&r developed by a 
&velcpment project in &dan. 

A. Traces to do&y. a Wcw&n ground beam 
C Chisel point. D. Sweep. b 

b. Seed chute. E Seed bcxx 

Top: “Niu’ ” single-roti; seeder used in India. 
Bosom: Chinese two-row seeder. 

that determines seed rate, and some form of 
seed tube that transports the seed to the fur- 
row. There is gc lerally some system for cover- 
ing the seeds in the furrow and lightly com- 
pacting the soil. 

monly used in India, but not in Africa. It does 
not seem clear whether this lack of uptake has 
been because of inherent problems with these 
implements or because the.y have been over- 
looked. Certainly the majority of research and 
development workers involved with the test- 
ing and adaptation of seeders in Africa have 
concentrated on precision seeders. 

The simplest systems do not require separate Precision seedem use the forward movement of 
implements. Row seeding can be achieved a ground wheel to drive some mechanism that 
using a plow (ard or mouldboard) as a furrow causes seeds to drop behind the furrow 
opener and hand-metering by dropping the 
seeds into the furrow. If furrow depth is not 

opener. Covering is ensured by a simple de- 
vice such as a loop of chain dragging the sur- 

constant there will be seed wastage, but with face or the action of two tines mounted in 
no capital outlay, this may be acceptable. The 
problem of accurately aiming the dropped 

parallel behind the seed placement position. 
Compaction is often achieved by a small trail- 

seeds can be overcome by the provision of a 
plastic seed tube &at drops the seed behind 

ing roller. The simplest mechanisms involve a 

the plow (Fig. 7-29). This elegantly simple de- 
wooden roller driven directly by a ground 

sign can be adapted into a two, three or four 
wheel. As the implement moves forward, the 
roller rotates and seeds drop into holes or 

row planter. The seeds are hand-metered into slots and are transferred to the seed tube. 
a small wooden bowl and pass down plastic 
tubes to simple furrow openers. A second 

Seed rate may be determined by the size of an 

bowl and series of tubes can be used to make 
adjustable aperture at the bottom of the seed 

the implement into a combined seeder and 
hopper pnd spacing depends on the shape of 
the roller. Different rollers are used for differ- 

fertilizer distributer. Such seeders art com- ent crops, More complex seeders involve 
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- Seeders and planters I. 

Fig. 7-30: Basic roller seeder 
mechanistq used in multi-row 

cereal seedem. Metering can be 
c~ntr&d by regulating the Grijice 
Cf;rr Iefrr) and moving the roller in 
or out to determine how much of 
the @ted (seed-metering) purtio~ 

is acntal~y in operaticm (cenrre). 
Themed rollers (right) can be 

s&a&ht or spat-al, 
source: CEEMAT, 1971 

some form of cog cr chain gearing mechanism 
that indirectly takes power from the axle of 
the ground wheel(s) and drives metering 
wheels or plates. The “Super Eco” type of 
seeder (probably the most successful in Africa 
to date) uses a sealed gear mechanism to 
drij : seed wheels at an inclined plane. The 
number of holes in a wheel determines inter- 
plant spacing and seed, wheels with different 
sizes and patterns of holes are available for 
maize, sorghum, &let, groundnuts, cowpeti 
and rice. A separate hopper and seeding 
mechanism are require< loor cotton :+cd that 
has not been delinted. A clear and well illus- 

Fig. 7-31: Super Eco seeder, BeQw: Seeder with various d&ibutLm 
plates and next-r 
back of distribtr 

‘ow marker extended Right: Seeder in action shuwing 
‘.‘qn plate and seeds falling into seed n&e. l?te jiarow 

trated description of the use of Super Eco 
seeders may be found in a manual prepared 
for use in The Gambia by Matthews and Pul- 
len (1976). 

A simple but important aspect of seeder de- 
sign is the “next-furrow” marker. This is a bar 
with an adjustable tine that draws a line on 
the ground parallel to the furrow being cre- 
a!sil. Thii mark is then followed to ensure the 
next and subsequent rows have constant inter- 
row spacing. This is particularly important to 
allow effective animal-drawn inter-row culti- 
vation. Two (or more) separate’seeder bodies 

opener, press wheel a& row mar& are ,&st distinguishable. file 
pund wheels turn a sealed ltear mechanism that drives the 
&stribution plate. 

Photos: Paul Starkey _L_I_.-_-_ . 
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Source: after 110, 1983g 

Fig. 7-32: A precision seeder developed 
experimentally in Botswana from a general desigrt 
quite widely used in Southern Ajkica. ‘I’%e ground 
wheel turns a chain that drives the metering 
me&a&n comprising an agitator over a jked, 
gravityfed metering plate. It was intended that the 
chassrs could be used as a simple seeder (top), 
fertilizer-planter (middle) or cultivator (bottom). 

P~.LAu, FUJI Starkey 

Fig. 7-33: Horses are commonly ustrd EQ pull Super 
Eco seeders for planting ~OltndiMs in Senegal. 

may be used together, for example on an Jr+- 
termediate toolframe. However despite many 
attempts to encourage multi-row seeding 
using two or more precision seeder bodies, 
farmers iz; West Africa have shown a clear 
preference for single-row seeding (Bordet, 
1987). 

Well-adjusted seeders operating in good con- 
ditions can save working time. They can also 
save seed by sowing at. the depth and spacing 
considered optimal fur germination and survi- 
val, On the other hand poorly-designed or 
badly-adjusted seeders working uneven seed- 
beds can waste time, waste seed and result in 
irregular and low plant populations. Surface 
trash or sticky soil can clog seeders; metering 
wheels may slip, thereby changing seed spac- 
ing; planting depth will not be constant on 
uneven ground; metering mechanisms may 
physically damage seeds, thereby reducing the 
proportion that germinate; seeds of unusual 
shapes may become stuck in seed-holes and 
require removing (it is actually quite difficult 
to detect during seeding that seed-holes have 
becom’e blocked, but it shows clearly at germi- 
nation time!). Seeding on ridges generally has 

- 
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Fig. 7-.I?: l3usic mecfrimism of 
the inclined-p?ate seeder, widely 

used in West .4fr;ca for 
groundnuts. I&e ground wheel 

&ives the plate, which carries 
seed up to falz into the seed tube. 

additional problems due to inevitable vari- 
ations in their height and surface. Many an 
agricultural engineer can test-ify to the frustra- 
tions of trying to obtain optimal seed rates 
with seeders on the excellent seedbeds of re- 
sear& stations, while many 8 farmer can fur- 
th. lmphfy the problems of use under nor- 
mal field conditions. In southern Mali, some 
farmers who own and use animal-drawn 
seeders still opt to hand-plant SOMW of their 
fields and crops. They use long cords witr; 
knots in them to ensure straight rows and 
ranstant planr spacing. They argue that al- 
though cord-planting is slower, the resulting 
rows are more parallel, the plant population 
is more uniform, and the efficiency CJ weeding 
is improved. 

Problems of cost, complexity and unreliability 
have restricted the spread of seeders in Africa. 
In most Sub-Saharan countries in Africa the 
number of animal-drawn seeders in use is 
below 5000. The main exception to this gener- 
alization is Senegal where there are abaut 
145,000 Super&o seeders in use (Havard, 
1985). In neighbouring Mali another 45,000 
similar seeders are employed. The Super Eco 
was first introduced in Senegal in the 193Us, 
and has been locally manufactured since l%3. 
The diffusion of seeders in Senegal has been 
well reviewed by Havard (1986) and Bordet 
(1987). Several other seeder designs have 
been tested and SC Id, but none had the same 
combination of efficiency, durability, adapta- 
bility and availability. The single-row seeders 
were successful in the semi-arid areas where 
the number of days a year suitable for plant- 
ing are few, and time is of the essence. In such 
conditions there may be no time for conven- 

# 

v 

Metering depends on the size and 
number of holes in the plates. 

Source: CEEMAT, 1971 

tional seedbed preparation and in very light 
soils, ,seeders such as the SU~W Eco can be 
used for direct planting. Thus in parts of 
Senegal and The Gambia same farmers have 
purchased seeders (to be pulled by a single 
donkey or a horse) even when they did not 
own plows or cultivators, and the seeder is 
second only to the multipurpose cultivator 
(HOW Sine) in terms of number of animal- 
drawn implements in service, 

The Super Eco and similar seeders use a sys- 
tem of interchangeable discs to determine 
spacing (Fig. 7-34). This metering system is 
well adapted to the single planting of relative- 
ly large seeds that ‘are more or less spherical 
in shape, such as groundnuts, maize, cowpeas, 
soya beans and delinted cotton. It is less suit- 
able for smaller or less spherical Leeds such as 
sorghum, millet, rice or raw cotton. Although 
there have been attempts to modify the Super 
Eco (and other seeders) for ridge cultivation 
in Senegambia, these have not led to adop 
tion. Problems with seeding on ridges include 
the positioning of the operator and animal (a 
single animal pulling a ridge seeder would 
walk on the ridge) and the stability of the 
seeder on the ridges. 

The success of the Super Eco can be usefully 
contrasted with the failure of some other 
seeders in Senegal. There have been several 
attempts to introduce dual-row and multi-row 
seeders. These were not a,dopted by farmers, 
mainly because the increases in cost and 
weight and decrease in manoeuvrability were 
not considered to be justified. While a siugle- 
row seeder could be pulled speedily by a 
single horse, the dual- and multi-row seeders 

---- 
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required extra dry ft, and were normally pulled 
by a pair of oxen, wh% walk more slowly 
than horses (Havard, 1986, Bordet, 1987) 

Seeders seem most likely to be adopted in 
semi-arid areas where planting time is par- 
;iadarly critical. As already noted, one means 
of achieving very rapid seeding is to plant ma- 
nually at the same time as plowing. Altema- 
tively a precision planter can be attached to 
the plow (Fig. 7-35). The advantages* of such 
rapid, direct seeding. systems may be of&et by 
heavy weeding requirements, but in very mar- 
ginal areas the fact that a crop even reaches 
the weeding stage may be an achievement in 
itself. Plow planters have been developed in 
several southern African countries, including 
Botswana (EFSAIP, 1984; Horspool, 1987). 

One of the main benefits of seeders is the 
ease of producing parallel rows and the result- 
ing time-savings achieved with animal-drawn 
inter-row weeders. However as noted earlier, 
some farmers in southern Mait have found 
planting using a long cord can be more effr- 
cient than planting wirh a seeder. In other 
situations where the disadvantages of seeders 
outweigh their advantages, simple parallel row 
Fig. 7-35: A simple &w phmter developed 
eqxrimenta@y in Botswana. The unit attaches to the 
standard plow. The ground wheel drives the metering 
mechttnism comptiking n ‘Davy edge u disc agi!ator 
over a jikd, gravityfed metering plate. Lliffmnt s< ed 
pities can be fitted for various crop und seeakte 
combinations. 
Source: f&u 110, 1903-g 

source: JPROM.& 1986 

Fig. 7-36: An adjustable row marking device using 
standard cultivation tines (reversed, mounted on c1 

triangular multipurpose toolbm in Togo. 

markers (rayonneuts) may be used to identify 
clear rows for hand-placement of seed (Fig. 7- 
36). Such systems may allow the very; dgnifi- 
csnt benefits of inter-row weeding to be ob- 
tained without the technical and financial 
problems sometimes associated with seeders. 
While row-markers are intrinsically very . 
simple, they are certainly not without their 
problems, for while they are very effective on 
Hat, clear surfaces, they cannot cope effective- 
ly with surfare trash or with mounds and de- 
press&j. “‘he wider they are, the more diffi- 
05 they are to use under normal farm condi- 
tions, and few farmers actually make use of 
them. 

7.6 Cultivation tines 

Cultivation tines may be used for primary 
land preparation, secondary cultivation (har- 
rowing) and weeding. In present times, as well 
as in previous centuries, cultivators have often 
been designed as multipurpose implements, 
capable of being used in various configura- 
tions and with a range of different tines. For 
weeding purposes large triangular sweeps up 
to XKlmm wide may be used, which have a 
similar effect to an Indian blade harrow. More 
common are intermediate triangular duch$?.x)t 
points which are about 150 mm wide. For pri- 
mary tillage and harrowing, as well as some 
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Cultivation tines 

ARer NolIe, 1986 CEEC’,‘,C. 1971 and Viebig, 1962 
Fig. 7-37: Some cultivation tine options. 

A. Rig& tines with points or duckfoot sham. B. Earthing-up (ridging) cuhivotion tina. 
C. S’g tines cfa*vmred fcr weeding). 0 Cultivation shares: reversible, da&foot and htdjkiuckfclot. 

I!?, Wide sweep. F. Rotmy tines. G. LXX tines. 

weeding operations, narrower 50 4rn points 
are more usual (Fig. 7-36). Such points are 
often designed to be reversed when worn, to 
allow further usage. For primary tillage the ef- 
fect of each point is similar to that of a small 
ard plow, altho:lgh the working width and 
depth are much smaller. 

The tines on a cultivator may be rigid or flex- Inter-row cultivators should be capable of ad- 
ible. Rigid tines act at a constant depth justment for different row widths. Angular ex- 
relative to the cultivator frame and wide pansion cultivators are sometimes used in 
sweeps are always mounted on rigid stalks. India, Latin America and some countries in 
Spring .tines are designed to bend backwards Southern Africa. These have an adjustment 
and spring forward, so varying the depth and handle that varies the angle at which the la!- 
increasing the pulverisation of the soil. The era1 bars hinge onto the central frame, so 
speed at which oxen walk is seldom sufficient changing the effective working width (Fig. 7- 
to obtain the intense shattering effect of vi- 38). This allows quick and accurate adjust- 

bration seen on tractor-mounted spring-tine 
cultivators. Very springy tines are seldom 
used with draft animals, but most are designed 
to have some flexibility. This is particularly 
useful for reducing damage to the animals and 
implement should the cultivating tine meet an 
obstruction. 

-- -. --- I__- 
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mcnt in the field, but adds to the implement 
cost. In Burkina Faso the Houe-Manga oper- 
ates on a similar principle, but being designed 
for use with a donkey, it is significantly smal- 
ler than the cultivators of southern Africa 
which are usually pulled by large oxen. 

SourceeP: after ItAL lQ63g 
and UPROMA. 1986 

Fig 7-38: Eqmduble 
cultivators. 

Top l#: ‘Houe Mafiga” 
manuf~tured by 
UPRUMA, Togo- 

Top tight: “Rhino” cultivator 
manufactured by NorthLand 

Engineering, Zambia. 
Lfiwer ltyl: Intemw cultivator 

developed by 
CXMERTEC, Tanmmh 

Cultivators are wi&& used in West Africa, 
and most are based on multipurpose frames 
to which tines (and sometimes extension bars) 
are clamped. Different designs have been 
based on simple longitudinal (Arrow; Peeo- 
tool), T-shaped (Hczue Sine; Ciwanx), triangu- 
lar (Triangfe) or rectangular (&ilrna) toolbars. 
J[n Asia various cultivating tools may be at- 
tached to long poles in a manner similar to 
that of the traditional ard plows. Such culti\+ 
tors may be multipoint implements or Z:O- 
4OOmm blade harrows. 

The effectiveness of cultivation depends on 
the adjustmeat of the cultivator for depth and 
width. Weeding should normally be shallow 

Fig. 7.39: Tine tillage in dry conditions in Togo, using a “Trimgle” toolbar fitted wtih rigid tines and pints. 
Photo: Paul Stnrkey 

__ .,_ ._.._~ _- . ..-. _ 
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Fig. 74: Very ear& weeding {between seeding and crop emergence) 
with Houe Occide~tale fitted with ducybot tines in SenegaL 

Photo: Paul Starkey 

(5Omm). Depth control is often obtained both 
by a depth wheel on the toolframe and clamps 
on individual tines. In the horizontaI plane, it 
is usual for adjacent weeding tines to be spa- 
tially oft+!. but for their paths to overlap. 
Duckfoot tines should overlap by about 25 
50mm (Fig. 7-41). 

Naturally the draft of cultivators will depend 
on soil characteristics and the depth and 
width of working. Nevertheless the work load 

can be high, and a three tine cultivator may 
have a similar draft to that of a 8”(ZOOmm) 
mouldboard plow. Unless soil conditions are 
very light, cultivators fitted with five duckfoot 
tines are likely to prove too heavy for donkeys 
or pairs of light oxen. 

Inter-row cultivators are best suited to crops 
grown on the flat with inter-row spacings of 
about 4SO-650mm. With significantly larger 
inter-row spacings, the number of duckfoot 

Fig. 74X: Exa.mples of recommended 
spachg of duckjbot tines for weeding 
groundnuts (lefi) and maize (below) 

(dimensions in cm). 

Source: after FAO, 1983 

tines required to weed 
becomes excessive in terms 
of draft and convenience in 
use. Smaller spacings make 
it difficult for the animals 
and operator to walk be- 
tween the rows without da- 
maging the plants. Inter- 
row weeding of rainfed rice 
or wheat at 3OOmnn spacing 
using an animal-drawn 
sweep or blall,: harrow is 
possible but seldom prac- 
tised. Cultivating ti.nes tend 
to break down ridges rapid- 
ly, so that weeding of crops 
grown on ridges generally 

P----P.- -.-. -.-._---- -_-_---____-_I-.- I--- _-.-... 
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involves an earthing-up ridger. 

Multi-row cultivators that weed two or more 
interlines were widely used in Eurape and 
North America. Multi-row cultivators have 
been designed or evaluated in many countries 
in Africa and in recent years several have 
been based on wheeled toolcarriers or inter- 
mediate toolframes. Multi-row cultivators 
have been shown to be effective on research 
stations, yet their adoption by farmers has 
been minimal. The problems centre on ma- 
noeuvtab;Wy and crop damage. While single- 
row weeders can be lifted easily by the oper- 
ator in cases of field obstruction or tempo- 
rarily converging crop-rows, multi-row 
weeders are much more difficult to lift and 
manoeuvre. Consequently in the uneven fields 
of most African farms, crops are much more 
likely to be ripped out of the ground by a 
multi-row cultivator than by a single-row 
weeder. However Roosenberg (1987) argued 
that damage could actually be reduced 
through the use of single-line over-the-row 
weeders that weed either side of a single row, 
weeding only half of each of the two adjacent 
inter-rows. He argue4 that low adoption of 
weeders was associ;,ted with the fear of crop 
damage and that this is almost inevitable 
using weeders which are set to weed almost 

all (80%) of the inter-row space. Variation in 
row spacing and operator error when having 
to judge implement proximity to two rows 
simultaneously are likely to bring the weeder 
into contact with the crops quite frequently. 
To avoid this there is the time-consuming, but 
otherwise inexpensive, option of ser,ting the 
weeder to half the interline, and passing down 
each row twice. Alternatively the farnet could 
use a single over-the-row implement. In both 
eases the farmer only has to concentrate on a 
single row at a time, but using an over-the- 
row cullivator the equivalent of a complete 
interline is weeded in earh pass Single-line, 
over-the-row weeders enable animals CO be 
yoked closely, they do not requ3re exactly par- 
allel rows an& because they cultivate close to 
each side of a row, they can throw up soil to 
inhibit the weeds within the rows $.oosen- 
berg, 1987). Unfortunately it is difficult to de- 
sign an effificient yet affordabde single-row 
over-the-row ,;Needer. They tend: to have high 
centres of grz-vity (associated with the clear- 
ance needed to avoid damage to growing 
crops) and the- operator either has to straddle 
the crop or io control the implement from 
only one side. Such problems can be solved by 
wheeled ride-on implements, but these have 

Fig, 7-42: Over&e-row weeding. 
While single-row over-the-row weeders do not depend on crop rows being arnrtly parallel (A), 

normal inter-row weeders (B) may remove piants (X-X) when the rows converge 

Some implement 
options: 

c. Prototype, 
alkteel version of 

the traditional 
and simple Indian 
double-blade hoe. 
I.3 An old North 
American design 

of over-the-row 
weeder: expensive. 

E. Prorolpe 
straddle cultivator 

from Nigeria: 
ewnsive and 

diflkrtlr to 
Sources: after Roosenbarg. 1987; t&ant, 1987; ITDG. undated nmwewre. 
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1OC 

- ----- -_----_----- _-__ ----l__l_l- 
GTUGATE Animal traction resource book 



- Simple multipurpose toc;!bars 

the major disadvantages of higher cost and 
weight and reduced manoeuvrability. 

The “Strad” over-the-rcw rolling weeder 
(Fig. 7-42) develop ed and marketed in Nigeria 
proved technically effective in experimental 
prototypes (.ITl3G, undated; Gwani, 1989). 
The Strad is a heavy walk-beside or ride-on 
cultivator with two or four gangs of tines that 
rotate as the implement moves forward. The 
rotating tines are effective for weeding crops 
grown on ridges, but the adoption of the 
Strad has been low, perhaps because of its 
high cost. Prototype animal-drawn weeders 
using steel discs as tines have been developed. 
The angled discs rotate as the implement 
moves forward, and they can be used with 
great precision close to plant%. However 
weeding discs and suitable bearings are ex- 
pensive to manufacture or buy, and imple- 
ments fitted with ,discs have generally been 
heavier than alternative implements. Their 
diffusion has been very limited, 

7.7 Simple multipurpose toolbars 

Cultivators (I~outrs iu French) have long been 
multipurpose implements and during the last 

thirty years multipurpose toolbars have 
become quite widely used in West Africa. One 
of the most successful designs has been the 
Houe Sine developed by the French engineer 
Jean Noiie in Senegal in the late 1950s. This 
comprised a T-frame with depth wheel, onto 
which clamped a variety of cultivating imp!e- 
ments, including duckfoot tines, groundnut 
lifters, earthing-up bodies and plows (Fig. 7- 
43). The design has proved very popular, and 
its derivatives have included the Cfmara in 
Mali and the Policultor 300 in Brazil. The 
lighter Houe Occidenlale, that. can be pulled 
by a single donkey, has also been popular in 
Senegal, and might have spread more if sub- 
sidies had not made the Houe Sine better 
value for money (Havard, 1986; Bordet, 1987). 
The heavier Unibar (Fig. 9-11) with a Y- 
shaped frame and straight-beam toolbars such 
as the Arglebart Amra and Pecotml and their 
derivatives (Fig. 7-44, 7-47) have also been 
used in several countries in Africa and else- 
where but have not caught on to the same ex- 
tent. These have tended to be promoted in re- l 

gions where plowing and/or ridging is import- 
ant (such as cotton-growing zones), and in 
contrast to the Hmes, the cultivation tines on 

Fig. 7-43: The Houe Sine multipurpose toolbw and irs derivatives have been widely mzn~~factured in manv 
coumies. This example wm’ made in Senegal .a& shows the toolbar fitted with three duch$mt tines. Beside ii are 

a groundnut @er, an earthing-up ridger and a moukiboard plow body. 
Photo: Paul Starkey 
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these toolbars have often been of secondary 
importance. 

In Burkina Faso and Togo the multipurpose 
Tricsngle cultivator with a singie.dcpth wheel is 
used in conjunction with conventional plows 
and ridgers, I 

Heavier, rectangular toolframes such as the 
Ariana and its derivatives have been de- 
veloped from Jean Nolle’s How Sahum, de- 
signed in Senegal in the late 1950s. These in- 
termediate toolframes generally have two 
depth wheels, one on either side of the frame 
which gives great stability. For single-row 
weeding one wheel can be used in a central, 
forward position. The rectangular design of 
toolframes provides more space for additional 
implements, and thus a greater potential 
working width. However since the limiting 
factor on smaii farms is often animal draft 
power, additional implements cannot be easily 
pullea(, and the potential for the extra working 
width is seldom used. These intermediate 
toolframes are about twice the weight and 
cost of simple toolbars and their weight 

Fig. 7-4.5: 
“Triangle” toolbar 
fitted with jkible 

and rigid tines. 

source: UPROMA 1988 

Fig. 7-44: Pecotool mrcltipqxxe toolbar, showirtf: three sizes of plow body, groundnut lifter and ridger. 
Small numbers of Fecotools (and similar Ang1ebarsihMtibarra.s and Utiibars) have been made in -everal 

countries including Sierra Leone and Tanzania Photo: Paul Starkey 
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Simple multipurpose toolbars ---- 

makes them less easy to transport or ma- 
noeuvre. Although they have received much 
accktim’ when evaluated on research sratiotis, 
they have never been adopted on the scale of 
simple, toolbars. For example in Senegal, 
where they have been available for twenty-five 
years, sales in the period 1958-80 were about 
8soO (the majority being sold during one 
scheme in the early 1960s). This represents 
less than 3% of thk 340,000 simple toolbars 
(Houes) sold in the same peri& (Havaxd, 
198s). 

The larger wbzeled toolcarriers first dc- 
veloped in Senegal at the same time have 
never enjoyed sustained farmer adoption, and 
reasons for their rejection are discussed in 
section 9.2. 

Although undoubtedly successful in some 
areas, toolbars should not be seen as panaceas 

of universal application. Even in Senegal and 
Mali where they are most popular, they have 
not completely replaced single purpose imple- 
ments such as plows. While Jean Nolle has 
developed the pncept of multipurpose use 
into an effective design philosophy (Noile, 
19861, there are limits to its application. As 
has been made clear in previous sections, 
most equipment design involves compromise 
between incompatible features, and the more 
different uses an implement has, the greater 
will be the number and extent of the com- 
promises. 

The main advantage of multipurpose design is 
to reduce overall material requirements ,and 
thus costs by using common elements for sev- 
eral purposes. Other possible advantages such 
as reduced storage space are seldom of great 
importance in rural locations. However the 
requirement to change between the different 

Fig. 74: Ariona ‘Sntermediate* tool@zme. The Ariana and i& aktivtuives have her evukated in nui’netous 
corutm’es, and mamfatwed in several of these, but they have not wchieved the same success OS the Houe Sine. 

TV: basic frame fitted with two ski&. 
Bottom: frames Fted with double @row plow, single plow Rnd groundn~~t @et. 

Soumr: after Mouzon. undated, and Nolle. 1966 
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Fig. T-47: The Arara toolbar haa been manufactured in several West Aftcan 
countries including Niger, Benin and SenegaL The packzzge illustrated 

conlains a gwndnut liJter, e&thing-up ridgec pbw and cultivation tines. 

modes leads to increased costs as removable 
clamps are more &pen$ve than permanent 
welds or semi-permanent nuts and bolts. In 
addition the common elements (such as the 
frame) must always be designed fdx the most 
demanding of all the various applications. 
Thus a multipurpose implement is always 
likely to be more expensive than any one 
single-purpose tool. For similar reasons total 
cost savings over a full range of single-pur- 
pose tools are aore modest than might be ex- 
pected since the additional work involved in 
forming standard mountings and clamps par- 
tially offsets the savings of using a common 
frame and handles, In addition, a multipur- 
pose tool inevitably involves some loss in con- 
venience in changing between modes and 
readjusting the tools, in comparison with 
single-purpose implements that can ofteli be 
left ready for use in an appropriate setting. Fi- 
nally a multipurpose tool maximises risk. As 
all tool options depend on the common ele- 
ments it is an illustration of the expression 
“all the eggs in one basket”. To take a com- 
mon example: if .a bolt of a plow clamp breaks 
inside the clamp, the toolbar is unusable for 
all operations until it can be removed and re- 
paired. A single-purpose plow would be less 
likely to break as it does nat have such 

of single-purpose ploviisliidgers and a muIti- 
puqxxk cultivator may be found preferable to 
trying to combine all implements into one 
tool. This may explain the noticeable lack of 
uptake of toolbars in Eastern and Southern 
Africa (Ahmed and Kinsey, 1984). Some de- 
velopment workers have advocated the pro- 
motion of multipurpose toolbars as one 
means to encourage and facilitate row-crop- 
ping techniques in the longer term (Mettrick, 
1978; Starkey, 1981). However in such circum- 
stances farmers niay well be encouraged to 
purchase implements that are unnecessaril; 
expensive for their short-term requirements. 
There has been a similar tendency to promote 
(through credit) comprehensive toolbar pack- 
ages with a wide range of attachments, when 
only one or two of these proved to be of real 
value to the farmers. Finally many of the un- 
doubted benefits of toolbars have arisen not 
only from the multipurpose characteristics of 
the designs, but from the simultaneous appli- 
cation of another of Jean Nolle’s design phil- 
osophies: standardization and intercbange- 
ability. These character&s have been ele- 
gantly combined in designs such as the Houe 
Sine and they could also be usefully applied to’ 
ranges of single-purpose implements. 

clamps,’ but should it do so, 
the farmer’s other equip- 
ment (cultivator, ridger 
etc.) would not be affected. 

Where multipurpose tool- 
bars have been successful, it 
has ixzn in countries where 
they have been mainly used 
as nrltiwtors. In Senegal 
the Horse Sine is used more 
often for tine-tillage, weed- 
ingt groundnut-lifting and 
earthing-up than for plow- 
ing. Where mouldboard 
plowing or ridging are 
major characteristics of the 
farmik @ems, it is quite 
likely that the combination 
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Grwndnut lifters 

Sourest: after CEEMAT, 1971..Mouzm, m&&xi and ITDG undated 

Fig. 7-48: Some designs of groundnut lifter. 
A. Sidesweep lif)ing share jitted to Emcot ridger @me. B. Hotte Sine fitted with sidesweep lifter. 

C and D. V-sweep lifters attached to toolbars. E. Houp rifier. F. Curved blade lifier. 

In conclusion multipurpose toolbars have 
proved very effective and popular. in some 
countries, while in others uptake has been 
minimal. They have tended to be ‘fashionable 
within development circles so that alternative 
equipment combinations have sometimes 
been overlooked. The advantages and disad- 
vantages of multipurpose toolbars should be 
carefully considered, alongside other options. 

7.8 Groundnut lifters 

Animal-drawn harvesting implements are not 
common, but groundnut lifters have had some 
success. Liters are quite simple implements 
based on one wide sweep blade, This passes 
through the soil at a depth of 50-1OOmm 
severing the deeper roots and leaving the 

plants, to which the groundnuts are still at- 
tached, lying on the soil surface from where 
they can be easily collected and piled. The im- 
plement share may be: 

l a V-shaped sweep attached centrally to a 
rigid stalk; 

l a long, broad, straight share supported at 
one end; 

l a steel arc supported at either end (like a 
curved blade harrow); 

m a complete hoop, the lower part of which 
acts like an arc-share. 

The stalks supporting the shares are often 
rounded in order that they can pass easily 
through the groundnut foliage without fre- 
quent blockages. Rising rods may be added to 
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Photo: Paul Starkey 
Fig. 7-49: T..ang&ar harrow bein& used for swamp rice production in Sierra Leone. 

aid the turning of the groundnut plants. Turn- 
ing aids rapid drying, and therefore reduces 
the risk of poisonous aflatoxins building up in 
the plants. Groundnut lifters can be single- 
purpose implements, but are more commonly 
attachments on multipurpose cultivators or 
standard plowbeams. Implements designed for 
other operations may make quite satisfactory 
improvisations; for example ridger bodies with 
the wings removed have been used in north- 
ern Nigeria. Single weeding sweeps may be ef- 
fective, but multiple sweeps rapidly become 
clogged with haulms and weeds. Various de- 
sign options have been reviewed in detail by 
FAOKEEMAT (1972) and the results of 
some comparative trials in The Gambia were 
provided by Matthews and Pullen (1974). 

Groundnut lifters are generally simple imple- 
ments and relatively easy to use. Their effec- 
tiveness is largely determined by soil condi- 
tions and the extent to which plants impede 
progress. If the soil becomes too hard before 
harvesting, the effort required to pull the 
large share can be high and plant breakage 
will lead to a higher proportion of the crop 
being left in the soil. Because of their highly 

Fig. 7-50: Cultivating a flooded swamp with Chinese 
plow. Although the design was well proven in China, 
it was not considered suitable for use with N’Dama 
work o.xm in Sierra Leone. Photo: Paul Starkey 

specialized application they are only common 
in areas where groundnuts are widely grown; 
in Senegal numbers of groundnut lifters in use 
increased from less than 1000 in 1950 to 
70,000 in 1983 (Havard, 19SSj. 

7.9 Equipment for irrigated rice 
cultivation l 

For the cultivation of rainfed (upland) rice, 
equipment requirements are similar to other 
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Equipment for irrigated rice cultivation 

Photo: Paul Starkey 
Fig. 7-51: Chinese comb hnmw. 

crops. However swamp rice cultivation often 
involves more specialized equipment. Many 
equipment designs originated in those parts of 
Asia where draft animals are widely rxd for 
swamp rice production. Where paddy fields 
have not been deveioped, major bunding and 
levelling may be required, and the use of 
scoops and bund-formers is discussed in sec- 
tion 9.7, 

Working in flooded swamps is not pleasant 
for either humans or animals. For this reason 
the preferred system of swamp rice cultivation 
involves the initial plowing of the land with- 
out superficial water. In this case the tillage 
implements discussed earlier in this chapter 
(ards, plows and harrows) are generally used 

perhaps in association with speciafized land- 
levelling tools (section 9.7). Nevertheless 
when water cannot be controlled (as in natu- 
ral swamps) plowing in flooded fields may be 
necessary to obtain a second (or third) crop. 
“Standard” plows, whether ards or mould- 
board plows, ca.n be used for plowing in either 
dry or flooded swamps. Plowing in dry 
swamps is little different from upland plowing 
although the eventual requirement for level 
fields makes the use of reversible plows more 
attractive. In flooded swamps a depth wheel 
becomes easily clogged and causes unnecess- 
ary resistance and a simple, narrow skid may 
achieve the required depth control with less 
draft requirement. The shorter and lighter 
Japanese and Chinese type of plows (Fig. 7- 
50, 7-10) have been developed mainly for 
swamp rice production. Some have simple re- 
versible mouldboards and some slatted 
mouldboards to reduce draft and obtain 
greater mixing. Without #any wheel, skid or 
long landside the tendency to pitch can only 
be counteracted by pressures on the handle, 
and considerable practise is required to obtain 
accurate depth control. In unskilled hands 
such plows often alternate between very deep 
and very shallow plowing, causing discomfort 
to both animals and farmer (Starkey, 1981). 
This may partly explain why such plows have 
not been widely adopted even in the rice 

Fig. 7-52: Eynluution of Chinese comb hmww for swamp rice pmittction in Sierra Leone. 

Photo: Paul Starkey 
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Photo: Paul Starkey 

Fig. 7-53: Evaluation of an IRRI conical puddler at the large ARPON rice developmer,i project in Mali. 

growing areas of Afr&: iarmers have gener- 
ally prtierred mo;ldboard plows with depth 
wheels (or skids) that can more easily be used 
for the favoured practice of plowing dry 
swamps, as well as for the cultivation of up- 
land crops. 

Following plowing, swamps are puddled and 
fevellecl, operations designed to create a 
smooth and level environment for transplant- 
ing the rice. While initial harrowing and le- 
veiling may be carried out prior to flooding, 
final puddling and levelling must be carried 
out with surface water present.* The cheapest 
and most common system used in flooded. 
fields involves several passes of wide comb 
harrows (Fig. 7-52) or levelling boards (which 
may, or may not, have handles such as those 
in Fig 7-51). These are made mainly of wood, 

Fig. 7-M: F, ototyp conical puddler for rice production 
developed by IRRI, Philippines. 

Photo: Paul Starkey 

although the harrow tines may be made of 
metal. They are commonly used in Asia, but 
less so in Africa. Their width makes them ef- 
fective but quite difficult to control and ma- 
noeuvre. Similar results may be achieved from 
wooden triangular spike-tooth harrows 
(Fig. 7-49 and from Spanish harrows that 
have corrugated tines rather than points 
(Fig. 7-55). All these implements can be made 
and maintained locally. 

Equipment with rolling discs, tines or blades 
can be particularly effective for achieving sat- 
isfactory soil mix in rice swamps. In dry 
swamps disc harrow? provide useful pulverisa- 
tion, while in flooded swamps long-toothed 
rolling puddlers (similar to those of power-til- 
lers) can achieve good results, particularly if 
the animals can manage to walk quickly while 

Fig. 7-55: “Spakh _- harrowsllevellers comprise 
boards mounted with a series fkt steel 

teeth/shares which are used for swamp 
preparation in Asia and southern Europ 

Source: CEEMAT, 1971 
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Further scuws of information 

Shr#s: Hopfen, 1969 and CEEMAT. 1971 

Fig. TM: Swamp puddling devices, 
Lql: a traditional d&B qf wooden rot&y puidkr used ita Asia- 

&)& a very kasp tvtaty pddkr made #steel weighed down with concrete thut was devebpd as an alternative 
to the tmditionnl method ofpuddling using he& of cattle in Madagascar. 

pulling them. The major problems with such 
implements are their high draft requirements 
and their expense. In Madagascar large cattle 

L herds have traditionally been used to’ trample 
round and round rice swamps to obtain a.pud- 
dling effect. This system is effective but re- 
quires considerable effort from the cattle and 
those encouraging them (van Nhieu, 1982). 
As an alternative to this, large and heavy 
(ldokg) rolling puddling wheels made of 
angle-iron have been developed (CEEMAT, 
1984). These have proved technically effective 
but quite expensive and awkward to ma- 
noeuvre. More recently the International Rice 
Research Institute in the Philippines has de- 
veloped an animal-drawn conical puddler 
(IRRI, 1986), but it is too early to say 
whether this will be regarded by farmers as 
cost-effective. 

In both Asia and Africa, rice transplanting is 
normally performed by hand. Hand-pulled 
transplanters and motorized implements have 
been developed but, despite research efforts, 
there have not yet been any successful designs 
of animal-drawn rice transplanters (Biswas, 
1981). In flooded swamps weeding may not be 
necessary, and the narrow inter-row spacing 
precludes the effective use of animals for such 
purposes. Harvesting of rice is perfo;med ma- 

nually or with motorized equipment, and 
there are few, if any, examples of animai 
power being used for rice harvesting. 

7.10 Further sources of )nformation 

The reference works of Hopfen (1%9), CEE- 
MAT (1974), CEEMAT/FAO (1972), Mun- 
zinger (1982) and Poitrbeau (1990) contain 
much helpful information on the range of ani- 
mal-drawn crop production implements and 
their use. Useful training material on the ad- 
justment and operation of conventional crop 
production equipment used with draft animals 
has been produced in Burkina Faso (FAG, 
1983), The Gambia (Matthews and Pullen, 
1974), Niger (Miguolet et al., 1987), Sierra 
Leone (Starkey, 19Sl), Swaziland (Seubert, 
1986), Zambia (Dibbits, 1987), aud Zimbabwe 
(AETC, 1986a, 1986b, 1987). Case history 
studies on the adoption of different types of 
animal-drawn crop production equipment in 
Africa have been written by Bordet (1987, 
1989), Bordet, Lhoste, Le Moigne and Le 
Thiec (1988), Havard (1985, 1986, 1987), Kin- 
sey (1984 a-d), Kline, Green, Donahue and 
Stout (1%9), Le Moigne (1980), Robinson 
(1987) and Uzureau (1984), 

Anyone intending to test, design or develop 
different or “improved” animnl-drawn crop 
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production implements would be wise to start 
by reviewing previous experiences. The .bro- 
chures of manufacturers can be a useful Start- 
ing point, although these should be treated 
with caution for they will .not be objective 
publigations. Just because designs are offered 
by commercial manufacturers does not guar- 
antee they have ever been proven in farmers’ 
fields or are appropriate. Bearing this in mind 
the ITDG book on agricultural implements 
(ITP, 2985) gives a good idea of the range of 
available equipment and some of the sup 
pliers. Very many papers have been written 
describing implement prototypes and adapta- 
tions, and some of these have been published 
in jouraals such its A@ultural Mechanization 
in Asia, Afticu and Latin America, Appmptiate 
Technology, GATE Qlle~~~n~-Answers-~~~or- 
mation, Machinisme @co/e Tmpi~al and 
RNAl\d Newsletter. Not surprisingly the great 
majority of these articles are very optimistic, 
and readers shoud naturally treat their con- 
clusions with caution and if possible attempt 
to trace a “second opinion” from someone 
else working in the same area. The work of 
Jean Nolle (1986) provides many ideas on de- 
sign considerations for animal-drawn crop 

. production implements. 

Many organizations in Africa working on the 
development of “conventional” ‘animal trac- 

. 

tion implements incluciing plows, cultivators 
and seeders are mentioned in the GATE Ani- 
mal Traction Directov Africa (Starkey, 
1988). These include: FMIXJ, Botswana; 
CNEA, Burkina Faso; CMDT-DRSPR, Mali; 
Projet FAO and Projet Froductivit6 Niamey, 
Niger; ISRA and SISMAR, Senegal; WOP, 
Sierra Leone; WSDC, Sudan; Mbeya Oxeniza- 
tion/ZZK, Tanzar&q U?ROMA, Togo; Ani- 
mal Draft Project and AMRDU, Zambia; and 
IAE and Bulowayo Steel, Zimbabwe. Other 
organizations with sign&ant interest and ex- 
perience in thii field in Africa include CEE- 
MAT, France; Agricultural Services Division 
(AGS) of FAO, Rome and AFRC-Engineer- 
ing, UK. 

A great deal of information on Indian designs 
of crop production equipment is available at 
the Central Institute of Agricultural Engin- 
eering (CUE), Bhopal, India. IRRI, in the 
Philippines, has information on the use of 
draft animals for swamp rice production, 
derived from its own Agricultural Engineering 
Department, and also from its coordination of 
the Rice Farming Systems Network. Further 
information on Asian experience is available 
from the Draught Animal Power Project, CO- 
ordinated from Townsville, Australia. 

, 
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8. Equipment for transport, 

&l. Pack animab 

Donk.eys and mules are the main pack animals 
in most regions of the world. Mules are pro- 
duced by crossing a female horse with a male 
donkey. Mules are larger and stronger than 
donkeys, but donkeys are cheaper to buy and 
to maintain. The reliability of donkeys is leg- 
endary. Once trained, donkeys can follow par- 
ticular routes with minimal supervision; they 
will wait patiently for several hours and they 
can often be trusted to return “home” un- 
attended. Horses can be fast and efficient 
pack animals, although they are not as hardy 
as donkeys. Being more expensive to vsrehase 
and maintain than donkeys, horses are used 
mainly for high-value or strategic operations. 
Camels are excellent pack animals, umivalled 
in their abiity to cope with severe desert con- 
ditions, but they also are more costly than 
donkeys. Llamas and yaks are locally used in 
the foothills of the Andes and Himalayas. It is 
rare for cattle to be used as pack animals. 

Fig. 8-I: Lbnkeys in Ethiopia are widely used for 
transp0mkgfirewoo 

% hoto: Michael Goa 

Donkeys are maintained as pack animals in 
many African countries, particularly in natth 
Africa, the Sahel, Ethiopia and parts of east- 
ern Africa. Their employment has often been 
a long-standing tradition. When donkeys are 
used for pack work, it k normal to place some 
form of protective padding over their backs. 
This may be sheepskin, sacking or discarded 
cloth. Soft loads such as sand, fertilizers, can- 
vas water containers and straw are placed 
symmetrically over the back and held in place 
by one (or more) leather or rubber straps 
around the girth or belly, and under the base 
of the tail. Hard loads such as firewood, 
stones or rigid containers are generally sup- 
ported on simple wooden symmetrical saddle 
frames sitting on light padding and held in 
place with tail and girth straps. Simple pan- 
nier baskets may also be used (Fig. 8-3). Pan- 
nier baskets with opening bottoms that allow 
loads to be shed easily have been used in 
Western Samoa (FAO, 1986). In Ethiopia, 

Fig. 8-2: A donkey in Ethiopia with wooden saddle 
for tranqorting stones. 

Photo: Paul Starkey 
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: VIebig. 1992: ITOG, 1972 

Fig. 8-3: Some pack saddle de&ns. 

donkeys are wide?v used as pack animals and 
animals averaging 100-110 kg bodyweight 
regularly carry loads of 25-50 kg over distan- 
ces of up to 20 km (Goe, 1987). 

The distribution of donkeys in Africa is re- 
stricted by several ecological factors, notably 
the disease trypanosomiasis. With cattle beiig 
much more readily available, there has been 
some interest in the potential of cattle as Rack 
animals (Smith, 1981; Spencer, 1988). While 
cattle do not readily take loads on their back, 
they can certainly be trained to do so. In parts 
of Mali and Chad cattle may be ridden for 
personal transport by farmers (Fig. 4-13), and 
some pastoralists in Sudan and Somalia use 
cattle to transport their effects when moving 

’ 
Fig. 8-4: Donkey with basket-work panniers used for 

cawying mmmre to fiercis in Egypt. 
Photo: Pau! Starkey 

between sites (as was illustrated in Fig. 4-15). 
Bovine pack saddles were developed in Tanza- 
nia (Ring, 1940), but were not adopted (see 
section 4.6). As animals can pull greater loads 
than they can carry, in most areas work relat- 
ing to ox-carts will probably be more produc- 
tive than trying to develop systems of using 
cattle as pack anim&ls. Where narrow paths 
restrict the use of conventional carts, it has 
been suggested that transport of goods could 
be on sledges (Ramaswarny, 1981) or very nar- 
row carts (Hinz, 1985). 

8.2. Sledges 
Wooden sledges are quite widely used in cer- 
tain areas of eastern and southern Africa, Ma- 
dagasti and parts of Asia and Latin America. 
In southern Africa simple sledges are made by 
joining two wooden beams in the form of a V, 
or by selecting a naturally occurring fork in 
the branch or trunk of a tree, perhaps 150 
mm in diameter (Kjzxby, 1983; Mtiller, 1987). 
A traction chain is attached to the single end 
of the “V” or “Y” (Fig. 8-5). The load is sup- 
ported by the two arms onto which a simple 

Fig. 8-5: Simple wooden sledge as used in Uganda 
and southern Africa 

Source: Akou. 1975 

- 
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Photo: Paul Starkey 

Fig. 8-6: Traditional QY cart with wooden wtleek i.9 India 

platform can be built, and sides can be Iitted 
if required. More expensive sledges can be 
made using separate wooden or steel runners, 
onto which can be mounted a variety of 
bodies. Such relined sledges have been evalu- 
ated for transport work on oil palm planta- 
tions in Malaysia (Kehoe and Chan, 1987). 

The advantages of sledges arc that they are 
cheap and simple to make and mainrain. They 
have a low centre of gravity and they are nar- 
row, enabling them to be used on tracks too 
narrow or steep for carts. They can often be 
used in sandy, muddy or rutted conditions 
where a cart might become stuck. flowever 
these advantages arc offset by many disadvant- 
ages. In most conditions they require more ef- 
fort to pull than does a cart. They have 
limited clearance and can be stopped dead by 
projecting stumps. Most importantly they 

tend to accelerate erosion by leaving rutted 
tracks, often only passable by other sledges, 
which become water courses during heavy 
rains. In several areas of southern Africa, in- 
cluding Lesotho and Zimbabwe, the dangers 
caused to the environment by sledges have led 
them to be officially discouraged and even 
banned. 

8.3 Carts with two wheels 
Carts pulled by animals are widely used for 
rural transport; there may be 40 million in 
operation worldwide, the majority in Asia. 
Many carts are constructed in a way that com- 
bines artisanal skill with traditional folk arts. 
IMost carts employed in the world are made 
mainly of wood, and use traditional designs of 
wooden-spoked wheels (Fig. 8-6, 8-8). How- 
ever carts with steel frames and pneumatic 
tyres are becoming increasingly common. 

Two-wheeled animal-drawn 
carts are much more common 
than four-wheel carts due to 
their lower cost, lighter weight, 
lower complexity and greater 
manoeuvrability. 

About 700,000 animal-drawn 
carts are in use in Africa. Near 

Fig. 8- 7: Lnrge steel cm wliecls 
used in hbmnbiqlte. 

Photo: Paul Starkey 
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Figs. S-8, 8-9: Lefl: Wooden wheel on cart 
small workshop in Zabe. Z?te 

Photos: Paul Starkey 

in J&VII Centre and Right: Wooden and steel wheels ftabricated in a 
yoduction of wooden-spoked wheels has since stopped 

cities and market towns, carts may be oper- 
ated full-time on a hire basis by transport en- 
trepreneurs. Only about ten percent of Afri- 
can farmers who own draft animals have a 
cart, but the importance of carts to the agrid 
cultural sector is much greater than the 
simple numbers imply. While other imple- 
ments are used for a small number of days 
each year, carts are generally used throughout 
the year. Thus in terms of overall implement 
usage in Africa, the total number of cart-days 
each year would be second only to the number 
of plow-days. 

In some Africa% countries, such’ as Senegal, 
animals were used for pulling carts around 
ports and towns long befare they were em- 
ployed in agriculture. In other countries ani- 
mal draft power was first introduced for culti- 
vation,’ and animal-drawn transport came 
later. Once a suitable and affordable cart de- 
sign becomes available, the adoption of carts 
can be quite rapid and even eclipse the agri- 
cultural usages of draft animals. Examples can 
be cited of fariners who managed to buy carts 
for their work oxen and then found it more 
profitable to hire-out the cart and hire-in ma- 
nual labour, than to continue to plow with the 
oxen. Interesting parallels may be drawn with 
tractor usage in Africa, where employment for 
transport has often exceeded use for cultiva- 
tion (pwanger, 1984). 

All major types of draft animal can be “used 
for pulling carts. Cattle are -strong but slow, 
and particularly suited for short but heavy 
transport work around fields and on rough 
tracks. In India, long-legged breeds of cattle 
arr also used for hauling goods over long dis- 
tances.‘Donkeys are light, but will readily trot 
along roads, and are particularly useful for 
taking light loads to and from markets. Hor- 
ses are strong and fast and are generally used 
for carrying high value loads, including people 
and traded ‘goods. In general, the designs of 
carts for cattle, horses and donkeys are simi- 
lar, although donkey carts may be lighter and 
less strong. Parallel shafts are commonly used 
for single animals and central drawbars for 
pairs of animals. 

8.4 Wheel options for carts 

Large wooden wheels with wooden spokes 
were standard in most parts of the world be- 
fore the development of pneumatic tyres and 
such designs are still widely used in Asia and 
Latin America. Wooden-Spoked wheels have 
for many years been made and used in Egypt, 
North Africa and the islands of Madagascar 
and Mauritius but although there have been 
many attempts to introduce comparable arti- 
sanal manufacture in Sub-Sahatan Africa, 
such wheels have not been widely adopted by 
small farmers. One recent project initiative in 
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Fig. 8-l 0: Wooden-wheeled cart 
nicknamed “Flintstones” in Ikmbia. 
Photo: Paul awkey 

Zaire, where timber is plentiful, 
found that each wooden-spoked 
wheel required well-seasoned wood 
and about one month’s skilled la- 
bour. With large fluctuations in the 
ambient humidity between seasons, 
any inferior work or poorly sea- 
soned timber quickly became ap- 
parent as wheels buckled and disin- 
tegrated. It was concluded that 
steel wheels of similar diameter 
might be more durable. 

Prototype wheels using taut sisal string for 
spokes have been developed (Hinz, 1988). 
Rims have been constructed from two wooden 
hexagons, that have been offset to provide a 
twelve-pointed figure that has subsequently 
been shaped into a circle and covered with 
tyre rubber (Fig. 8-11). &al threads, that 
have been tightened by twisting and held in 
place by small batons, support the wooden 
hubs. Preliminary field trials using a narrow 
animal-drawn cart have been carried out in 
Tanzania (Hinz, 1985). In principle such de- 
signs could offer cart wheels that could be 
made in villages from locally available materi- 
als. However until the problems of maintain- 
ing such wheels under field conditions can be 
adequately solved, the technology will not be 
able to progress beyond the stage of ex- 
perimental prototypes. 

Fig. 8-11: 
~W! 
wooden wheels 
using ming 
Spoke& 
Field tests 

have indicated 
that there are 
still several 
practical 
probl~tm to 
molve. 

Wheels can be constructed from wood even if 
the technical refinement and complexity of 
spokes is neglected. In several parts of Asia 
and Latin America long-standing designs of 
such %olid” wooden wheels are to be seen, 
but they are much less common than wheels 
with. spokes. Solid wheels are heavier, relative 
to their strength, than spoked wheels, and so 
large-diameter solid wheels are rare. In Africa 
several designs of “solid” wooden wheel Ilave 
been evaluated. Some designs are made by 
cutting a circle from parallel timbers, glued or 
nailed into position. These are then supported 
by other timbers or by a second circle made 
from boards aligned in a different direction. 
The wheels are usually given a rubber tread 
cut from an old tyre. One design developed in 
Zambia, involves bolting together two 
wooden circles, between which are clamped 
the walls of two halves of a split lorry or 
Landrover tyre, so positioned that the original 

, tread becomes the tread of the new wheel, al- 
beit arranged “sides to middle” (Fig. 8-10). 
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Source: after Earwell and .Hathway, 1966; Ejorlykke and Lunde, 1983 

Fig. 8*X2: Diagram illustrating how large-diameter wheels (lefr) are better able to negotiate ruts and holes than 
small-diameter wheels (right). The ability of a wheel to accept poor conditions is dependent not only on wheel 

diameter, but also on the ividth and tye of tread and the strength, weight and elnrticity of the tyres or wheel rims. 

One problem with such a design is that mud 
can enter between the two halves, tending to 
separate them. The main advantage of such 
wheels it that they do not puncture and can 
be made mainly from local materials by village 
artisans. However they are heavy and they are 
not considered fashionable or prestigious (in 
one country they have earned the name 
“Flintstone” carts, after the famous “stone- 
age” cartoon characters). 

Steel-spoked wheels are generally lighter than 
solid wooden wheels, and they are easier to 
manufacture and maintain than wooden- 
spoked kneels. They are usually of larger 
diameter than wheels fitted with pneumatic 
tyres and thus may be, preferred for use on 
rough tracks where their ,larger diameter is 
advantageous for negotiating ruts and holes. 
However steel wheels are much less resilient 
than wheels fitted with pneumatic tyres and so 

they tend to transmit unabsorbed shock loads 
to th,e wheel bearings, cart body, passengers 
and animals. Their lack of resilience’ also 
makes steel wheels more likely to damage 
roads aud tracks. In Mozambique and Angola, 
large-diameter steel-spoked wheels have 
become quite widespread while elsewhere in 
southern and eastern Africa several projects 
have tried to promote smaller diameter 
wheels. Steel wheels are relatively cheap to 
make and easy to maintain. One problem is 
that shock loads and stresses imposed on 
steel-spoked wheels can cause fatigue in the 
welds joining the spokes and the rim; if weld 
failures are not noticed and repaired, the 
whole wheel may distort or even collapse. 
However farmers , adopting carts with steel 
wheels are much mcJre likely to halre problems 
with the wheel bearing than with the wheels 
themselves. 

Fig* 8-13: Ox cart with pneumatic tyres, Burkina Fa~o. 
Photo: Paul Starkey 
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Photo: Paul Storkey 
Fig. 8-13: Sieel-based two-wheel arts mode at tha UPROMI wr.%hop in Togo 

wing itnported rolh- bearings nnd fnctoiy-rejfxr cnr tyres 

In recent years small wheels fitted with pneu- 
matic tyres have become the accepted stand- 
ard for animal&awn carts in many African 
countries. The adoption of common auto- 
mobile tyre sizes on carts allows farmers the 
option of making use of old vehicle tyrcs. In 
practice, farmers have often found that the 
problems caused by punctures make worn-out 
tyrcs a false economy. Since the specifications 
of new car tyres are unnecessarily high for 
slow moving carts, special lower-cost animal- 
drawn vehicle lyres have been produced in 
India. However the development of these 
large diameter tyres was based on the poten- 

tially enormous Indian domestic market (with 
around 15 million carts) and similar invest- 
ment in special cart tyres seems unlikely in 
African countries. An ahernative approach, 
widely used in West Africa, is to purchase at 
considerable discount the reject tyres from 
large factories. Low grade, reject tyres are 
dangerous if put on cars but they can be safely 
used with animal-drawn carts. In a few coun- 
tries the USC of standard car tyres on carts may 
be seen as a disadvantage, for during short- 
ages of car spares, compatible cart tyres 
become targets for theft. 

Fig. 8-H: Cart based on old vehick cc& being pulled by team of doptkty in Botswya 
hato: Paul Starkey 
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The. use of _ small wheels (400-600mm 
diameter) allows cart platfor& to extend over 
the wheels in a manner that is impracticable 
with large wheels (WI-18OOmm). Such a de- 
sign provides a wide, but not too high, loading 
area and i;asy access from the sides, and thus 
grez’kr convenience. Nevertheless small 
wheels are more likely to be obstructed by po- 
tholes and ruts than large wheels (Fig. g-12). 

i’ 

In many couutries, a proportion of carts in 
use has been made from old car axles or from 
the entire rear section of light pick-up trucks. 
These are generally heavier than carts with 
purpose-built axles, but where the necessary 
scrap vehicles and skills are available, such 
carts can be very effective. The increasing 
popularity of front-wheel-drive cars means 
that lightweight differential-type axles are 
rare, but some pick-ups have suitable axles. 
The independent stub axles from the front or 
rear of a car can be welded onto a steel beam 
or attached to a wooden frame, but the 
necessary dismantling, refitting and correct 
alignment is not easy. There has been at least 
one example of a development project receiv- 
ing container loads of assorted scrap axles 
from indu~&rIized countries (Scheinman, 
1986). If such importation is paid for by aid 

. organizations, it may be considered an expedi- 
ent temporary measure. However the real cost 
of such importation is likely to be high in 
comparison to the value of the product. Such 
funds might be better spent on developing 
more sustainable systems that would encour- 
age some standardization of tyre and bearing 
sizes to facilitate the long-term provision of 
spare parts. In general the construction of 

carts based on old axles can be regarded as 
useful, small-scale initiatives for entrepre- 
neurs or small organizations. For larger or- 
ganizations, particularly those in areas of high 
demand for carts, the restricted availability of 
scrap parts, their heavier weight and the quite 
modest cost savings, suggest that car axles and 
pick-up bodies should be regarded as sup 
plementary rather than primary sources of 
animal-drawn carts. 

8.5 Cart axles and bearings 

Simple bush bearings made of cylinders of 
east iron, hard Wood or steel tube C-Y be very 
effective, provided they are well preptired, ap 
propriately lubricated and regularly main- 
tained. The majority of the world’s carts still 
use ’ simple bush bearings. Many traditional 
wooden carts are based on a large wooden 
hub, rotating around a greased steel axle. In 
the centre of the hub may be inserted a re- 
placable bush bearing, with cast iron often 
being preferred to hard wood or steel tube. 
Such bearings are commonly associated with 
large-diameter wheels on which the hub ro- 
tates relatively slowly. Furthermore tradi- 
tional wooden wheels have big hubs, allowing 
long beuings with a large surface area which, 
if well made and maintained, can last a long 
time (even if they do impose significant fric- 
tional loads). Such large-diameter wooden 
wheels with simple bush bearings are widely 
used in Asia and Latin America, and to a 
limited extent in North Africa and Madagas- 
car, but are very rare in Sub-Saharan Africa. 

Many metal wheels are also designed to rotate 
around a fued steel axle, and the search for 

Fig. 8-16: 
Fixed axle with bush bearing 

tested in Zambia 
A - Split pin; B - Washer; 

C - Wheel hub; 
D - Bearing (bronze, nylon or PVC); 

E - Washer; 

u 0 E 
Souroe: after Miiller. 1986 

F - Stub uxie; G - Spoke; 
H - Wooden beam; 

I - U-bolts; J - Stub m&z. 
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suitable bush&earing materials has occupied 
the staff of many projects in Africa. Metal 
wheels are aften of medium diameter so that 
the speed of totatian of the hub is faster than 
that of large, traditional cartwheels, and con- 
sequently the rate of wear of harings is 
greater. In Tanzania some projects, such as 
that at Iringa, have tried to use oil-soaked 
woo&n bushes as replaceable bearings. It was 
assumed that wooden bushes would be cheap 
and very easy to replace, In practice in tbc 
early yuars both new and rcplsccment bushes 
rapidly disintegrated leaving very wobbly 
wheels. Furthermore the wooden bushes were 
not sufficiently uniform to be fitted easily into 
the wheel hubs. As a consequence farmers 
tended to tolerate worn bushes longer than 
they should, until the steel hubs of the wob- 
bling wheels started wearing themselves. In 
Zambia comparable prablems with locally 
produced hardwti bushes Icd to cxpcrimcn- 
tation with other materials. PVC bushes were 
evaluated, but these were expensive and wore 
rapidly. Bronze bearings (made from Iocally 
mined copper) have also been tried in Zam- 
bia, and these have been found more durable 
than hardwood or PVC bearings. 

It is a matter for debate as to whether bushes 
should be lubricated or left dry. If they arc 
greased, sand and grit may mix with the grease 
to form a highly abrasive grinding paste. If left 
dry, there may be more noise and friction, but 
abrasive particles can escape as easily as they 
enter. Some woods, metals and synthetic ma- 

Fig, 8-I R “Live” (Le. ranting) stub 
a& wUi o&xx&& W&err be&n&% 

being ewhated in 2.kmbic. 
Photo: Paul Starkey 

terials are “self-lubricating”, 
slowly releasing natural or arti- 
ficial lubricants as they wear. 
Mild steel does not have very 
good bearing characteristics, 
but it is rcadii available and 
easy to work. Although bush- 
bearings are a major source of 
frustration to projects and far- 

mers, with regular repair and maintenance 
they can be kept going for many years: in 
Ethiopia horse-puHed light carts dating back 
several decades are still in regular use, even 
though the original bearings havt: lonq-since 
been replaced by wheel centrcs made from 
steel pipes and bushes (where present) made 
from a range of local materials including rags. 

A different approach to bearings, that has 
also been tried in Tanzmia, Zambia and clsc- 
where, is the use of “live” (rotating) stub axles 
made of water pipe ar old half-shafts from 
pick-ups and lorries, The axles are held in 
place by two bearings, each made of two oil- 
soaked blocks of wood, hollowed out to the 
shape of the axle and bolted together (ITDG, 
undated). Thrust washers are wcldcd onto the 
axle, to restrict lateral movcmcnt. The bearing 
blocks are bolted onto the wooden chassis. 

Fig. 8-M: Kheel and arle writ wirlr rollrr bearing 
und ~ncmuatic tyres, as widely used in West Ajico. 

A. Dust cop, lock nut nnd waher. 
B. Tapered roller benring. C. Wheel rim. 
D. Kneel hub. E. Split pin F. Axle shofi. 

Source: after Matthews and Pullen. 1976 
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c2rtswithwoodenblQckbeariags&‘ptler~ 
dty lmvkr to pull than other designs, due to 
the~fiictio#larldtheweightofthe 
cart. l/kahg blocks have to be kept tightly 
champed tog@her and the rehive simplicity 
of the design should not dkgtke the fact thut 
axieswiuoldyRm~lyandtrldyifthebear- 
ing tolerances are correct. CaRts with oil- 
soaked wonde blrxks have bean in- 
trodueedona C~p~jCCtSinmriny 
parts of Afkica, but the curts are -only 
CRitiM for th& h#my vR*t* ’ 

Where the use of spe&@y fabricated animal- 
Qawncartsis common in Africa (SenegaLand 
Mali each have over 1~W iu u!ie), the 
pr&md designs have ken bused on strailgbt 
steel ades with machhlcd ends to which 2RC 
&ted wheel ~huba with w&d roiling-clement 
beariqp A simple steel cart frame is bolted 
onto the a& and a wwdea or steef piatform 
is fitted in10 rhis (Fig. 8-19). While such de- 
signs me nat pmicuIarIy &a~ they care 
lmlauy loll& twith the or+ regular 
p&&m being tyre prtocturcs. Roilet bearings 
are also used in carts mude, from ald ear axles, 

In czmhsion dmlopmtnt projects are often 
faced with the choice between expensive* high 
techrtokgy r&x bearia$s, or various uappro- 
priate techaolo& options. Many projects 
have spent a great deal of time und endured 
much kustratian tqhg to perfect the simpler 
technology, but long-term maintenance prob- 

souns: afm strrrksy, w81 

Fis; (3-29: Cart design of the type widely wed in West 
Ajiica, bein@ud anjiwd did sted de, ml& 

bechgsand~~*ebmd~& 

iems have aften been serious and adoption 
rates diippointhg. Since transport is often 
very profitable3 the hiier cost of roller beat- 
ings that allow carts to be used very frequent- 
ly+ yet with little maintenance, may well be 
justilied in the long term. With the benefit of 
hindsight it is apparent that several projects 
in Africa might have had more impact if they 
had provided credit to allow farmers to pur- 
chase higher-cost products, rather than em- 
ploying people to try to develop low-cost al- 
ternatives. 

8.6 l)m punctures 
Punctures are I major problem with animal- 
druwn carts with pneumatic tyres, and these 

have sometimes led to tile total 
abandonment of an otherwise un- 
spoiled cart. There seems no 
simple solution to this problem, 
which has recently been reviewed 
by Ayre aad Smith (1987). Several 

Fig. 8-20: & carts with steel wheels 
fabricated in the worhhop of n 

develqment pmject in Tunzunia. 
In foregK,und is an example of an shed 

axle assembly. Great di$iculties were 
tqmienced with the bearings, oil-so&d 

wooden sleeves that fitted between the 
wheel hub and the stub &es. 

FVK&: Paul Stnrkey 
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years were spent on testing the efficiency of 
s2wcfust-6ucd tyres in Kenya (SFMP, 198q‘ 
In a standard car rim three extra holes were 
da& equauy SW in Relation to the valve 
hok. A tyrc, without an inner tube, was fitted 
to the rim and sawdust was inserted into the 
tyres through the four holes-and comprwd 
with a metal ro4 Filling each tyrc with saw- 
dust to& two pe~pk about four hours. The 
rim was scaled by hammering wooden pegs 
into the holes. Subsequently a lo& manufac- 
turer developed purpose-built split-rims 
which made the filling process easier (Ayre 
and Smith, 1987). Although sawdust-filled 
tyres have been officially promoted, farmer 
adoption has been low. Sawdust-filled tyres 
are heavy, (particularly ifwattx enters the tyre 
after immersion in a puddle), the sawdust rots 
if it becomes damp and the rolling resistance 
or the tyre is quite high. 

Tyre punctures - 

photo: Paul Stwkey 

Fig. 822 tow-cast axJa unit devekped irt Kenya. 
IYte CrJe which compriYed Q split-rim wheel, 

suwdust--filled tye, wure@pe ark and steel-wader 
thrtat beurings intended jir tue with aitan&ed 

den benrings, hru pt ta be wid&‘y t&M 

Although puncture repair is often cited as a 
major constraint, it has also been widciy ob- 

Fii 8-U: Twuwhpel Amkey aart in Muii. ‘fitis type of cart i.~ vety common in West Africa Ikwided the loud Lr 
welf btda& donkeys mn pll ibqrasi~v hds nlong fkrt roods, but cure ha to be taken when motrnting or 

descending mad embankments. 
Photo: Paul Starkey 

---_- 
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sqved that once a reasonable number of 
pneumatic tyres (carts, bicycltq motorcycles 
or pick-ups) are in use in an arm entrepre- 
ImriaI punctute repair .tervices spring up in 
even quite small vinages. Thus in areas of in- 
troductioa, development projects might find it 
more productive to facilitate the adoption of 
“critical” numbers that justify local services in 
specific areas, rather than trying to spread 
their efforts thinly over a wide area. 

8 .7 Brakes, loads and assembly 

The fitting of brakes on carts is not common 
in flat areas, but may be desirable. Brakes are 
important to save the animals from discom- 
fort where steep slopes are encountered. Such 
slopes may be major hills or simply the steep 
sides of a road embankment. Even on flat 
ground, a loaded cart pulled at normal speed 
has a considerable momentum, and absorbing 
this thraugh the harnessing system on a down- 
ward slope can be very uncomfortable for the 
animab. The choice of bamessing system 
(chapter 3) can influence the efficiency with 
which animals can brake carts with their own 
bodies. Horn/head yokes are fdy attached 
to the animals and so facilitate braking. On 
the other hand withers/shoulder yokes are 
more loosely fitted and if animals try to stop a 
cart that has built up significant momentum, 
the yoke can move forward and evca rise up 
over the animals’ heads. In such circumstances 

a breeching strap attached to the harness or 
drawbar is useful for transferring the braking 
load to the rear of the animal and away from 
the vulnerable neck or head. A bar fitted to 
the cart immediately behind the animals can 
have a comparable effect to a breeching strap, 
and such bars are commonly fitted to carts in 
India. Basic wheel brakes can be made from 
concave wooden blocks (or even just logs) 
that are pushed against the wheel or tyre sur- 
face. In the simplest case no ftiags are 
ne-cessary, although a lever mechanism can be 
arranged. Some manufactured wheels for carts 
come with internal brake shoes. Old car 
brakes can be quite easily adapted if mechan- 
ical parking-brake linkages (not simply hy 
draulic mechanisms) are available. 

Most carts are designed to withstand loads of 
up to one tonne. The ability of animals to pull 
such loads will depend on the road surfaces 
and the inclines, An easy load to pull on a 
tarred road surface may be impossible to pull 
on a track with steeply sided holes or muddy 
ruts. Single donkeys can generally pull loads 
of SOOkg, single horses can pull 700-1000kg 
while pairs of oxen can pull one tonne, or 
more. Pairs of oxen of large Indian draft 

F@ 3-23: Modified Indian cart 
desi&n wide bmkthgspem. 
A - Driwr’Jpdion; 
U-Y&?; 
C - Fmt-opmted bmke; 
D, E-Brakeshtxs 

Source: Naik. 1982 
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breeds are reported to be able to pull 1.5 
tonne loads over 60km of rough roads in a 
day (Wiion and Payne, 1959). f3alancing 
the load on two wheeled carts is important, as 
any imbalance will cause upward or downward 
forces on the animals’ harnessing systems. A 
heavy load shifting backwards during use can 
cause a donkey to be literally lifted off its feet, 
with disastrous consequences. 

Assembled carts are very expensive to trans- 
port over long distances, due to their great 
volume. For this reason, and to facilitate local 
construction and repair services, carts should 
be made, or assembled, as close to the point 
of use as practicable. Several African coun- 
tries, including Burkina Faso, Mownbique 
and Togo, have adopted the system of sup- 
plying basic cart kits to rural centres. Simple 
kits may comprise two wheels, an axle and the 
struts that Eix thii axle to a wooden platform. 
Others may contaiu a complete steel frame in 
component form and even a steel drawbar. 
Some components may have. to be imported 
(several countries import complete axle and 
wheel assemblies), while others may have 
been made in local workshops. Artisans, 
traders and/or small workshops assemble the 
kits and build on wooden platforms, and per- 
h+ removable sides, for sale to the end- 
users. 

8.8 Wheeled toolcarriers and 
four-wheel trailers 

Wheeled toolcarriers have often been de- 
signed to -be converted into carts, and many 
ended up being used only in the cart mode. 
However wheeled toolcarriers fitted with a 
cart platform have generally had high centres 
of gratity, making them liable to topple when 
encountering ruts. As noted in Chapter 9, far- 
mers have found it more convenient to use 
purpose-built. carts and separate cultivating 
implements. Such a combination can generally 
be obtained for the same price as a multipur- 
pose wheeled toolcarrier (Starkey, 1988). 

Four-wheeled carts, or trailers, are used for 
urban transport in many towns in Asia, and 
some in Africa and Latin America. They are 
also used on some estates and plantations. 
The four wheels support the whole load, so 
that animal power is only needed for forward 
movement. This allows heavy loads to be 
pulled, particularly if the road surface is 
smooth. Four-wheeled trailers can be left with 
loads in place even when the animals are not 
present (two-wheeled carts tip-up when left, 
although it is a useful practice to always carry 
pieces of wood to support the front and rear 
of the cart to prevent such tipping). While 
two-wheeled carts can pivot around the 
wheels during sharp turns, four-wheeled 

Fig. B-24: ’ 
A cart-boay on a 
“Nihrt * wheeled 
tookatrier in Mali 
The farmer found 
his normal cart 
more satisfactory 
and stopped using 
the toolcnrrier 
altogether. 
Ahhoqh 
toolcarriers have 
been used as carts, 
hey have seldom 
been asgoodns 
purpose-built carts. 
Photw Paul Starby 
-- - 
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Equipmen, for transport 

Photo: Pad Starkey 
Fig. 8-2.5: A ~btrr-wheel traik with nw&~ wheels being used with Fnksian mzn 

rrt an qrictdt~al research and training cenm in Tarmnin 

trailers need some form of articulation to en- 
sure manoeuvrability, which makes the design 
of trailers significantly more complex than 
just adding a set of wheels to a two-wheeled 
cart. While two-wheeled carts are likely to in- 
crease rapidly in rural Africa, it is unlikely 
that four-wheeled trailers will become com- 
mon. 

8.9 Further sources of information 

A useftal illustrated discussion of the issues in- 
volved in the design and manufacture of ani- 
mal-drawn carts has been produced by IL0 
and Intermediate Technology Publications 
(Barwell and Hathway, 1986). Filmstrips and 
booklets providing simple extension advice rc- 
lating to the operation and maintcn:tncc of 
pneumatic-tyred carts are available from FAO 
(1983). An interesting review of attempts to 
develop animal-drawn carts in Zambia has 
been provided by Miiller (1987). The GATE 
journal issue l/39 of March 1989 had the 
theme of low-cost transport and contained ar- 
ticles relating to animal-drawn transport, 

There is much information available on tradi- 
tional and more recent designs of animal- 
drawn carts in India. The subject was dis- 

cussed by Ramaswamy (1979) who sub- 
sequently produced a detailed, illustrated pub- 
lication recording many of the traditional cart 
designs in use in India (Ramaswamy, 1985). 
An annotated bibliography, containing over 
300 citations reiating to animal-drawn ve- 
hicles drawn from both Indian and interna- 
tional publications was prepared by Dc- 
shpande and Gjha (1983). The same authors 
have prepared an illustrated monograph on 
traditional and improved bullock carts (De- 
shpande and Ojha, 1984). 

Staff of CTVM at Edinburgh University have 
a research interest in the employment of don- 
keys, mules and horses in developing coun- 
trios, and an initial brief report on the use of 
donkeys for pack transport was provided by 
Fielding (‘1988). The existence of an American 
Pack Animal Study group was mentioned by 
Iversen (1957). 

Many projects in Africa have activities relat- 
ing to animal-drawn carts and some of these 
are listed iii GATE Animal Traction Direc- 
tory: Africa (Starkey, 1988). Organizations 
outside Africa working on animal-drawn cart 
technology include Intermediate Technology 
Trapsport in UK. 
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9. Less conventional (I 

9.1 Introduction 

This chapter dci3l.s with arkimal-&awn equip 
mmt that is not commonly used by small fru- 
mers. Tbe restricted use may be bec~~~: 

l the applimtion is hi@@ speck&id; 
l the tecbnoIog,y is quite new and bas not yet 

bad a chance to diffuse; 
l the equipment is ceonomic4dly, socially or 

tacbnicarlty inappropriate for small farms. 

Some other books have iaduded examples of 
such equipment within the context of a 
general presentation- Tbii has some merit in 
illustrating a broad continuum of equipment 
applications and designs, but has unfortunate- 
ly also given an unjustified impression of 
widespread acceptance or use. In this hook it 
in intended that these less common techno- 
logies be thought of separately, with the clear 
understanding that such equipment may pot 
particular problems if mtroduced without 
careful planning. 1.n the following pages the 

equipment 

technologies themselves will be discussed 
quite brieEty, but sources of further informa- 
tion will be cited. In this way it is hoped to 
sound a note of caution, while allowing 
people interested in developing such techno- 
logies to constructively build, on previous ex- 
periences. 

9.2 Wheeled toolcarriers 

Animal-drawn wheeled toolcarriers are multi- 
purpose implements that csn be used for 
plowing, seeding, wee&g and transport. They 
are usually ride-on implements, and are often 
thought of as ‘fbullock-tractors”. This image 
makes them very attractive to politicians and 
donor agencies. At least fifty designs of 
wheeled toolcarrier of varying degrees of com- 
plexity were developed in various countries 
from 1955 to 19g7. 

Moqt wheeled toolcarriers comprise a steel 
chassis and drawbar mounted on two wheels, 

Fig 9-l: V&art” type w#~led tc.xArnnirr with clotrbk firrrow phw being errrlrrnte~ by tk fiu~~ in Moli in 1986. 
97~ fhrmer suw udwniu~s in rlro tsalctrrricrr, blrr rile fdl*wing yetw it wtu h$ mued. 

Photo: Bat de Steenhuysm Pitors 

I_--- -..- __II_ --...---- ----._-- 
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Fig. 9-Z: Some wheekd toolcatriem 

A - PtiruIteur, developed by Jean NoUe in Senegal 19554iU (a dtiplay of nine with different attachments); 
B - National Insrihrte ojAgn~adt~vol Engineering (NIAE) animai&awn toolbar, developed in UK, 195948; 
C - Nair tdcam’q developed in India, 1%&U; D - Mochudi tookmn-ier, developed in Botswanq 1973-79; 

E - Lioness too&arrier, developed in UK. 1992-83; F - Tmpicuitor, developed by Jean N&e in Madagmcm and 
Frume, 1962 and at ICRISAT in Indicr, I975-$7; G - Yimtictdto~ based on Nikart design developed in Irzdia by 

ICRISAT and AFRC-Engineeting 1978-1986 and further developed in Mexico, 1982-l 987. 

--“.- --- ---- 
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Wheeled toolcarriers 

often with pneumatic tyres from cars. The 
chassis supports a toolbar which can be raised 
and lowered. Onto the toolbar clamp a wide 
range of implements, such as plows, harrow- 
ing tines or ridging bodies. There is generally 
an operator’s seat, and most have a detach- 
able cart body. 

A pioneering design was developed in Senegal 
by the French agricultural engineer Jean 
Nolle in 1955 (Nolle, 1986). Nolle’s most fa- 
mous designs were the Polyculteur and the 
Tropicuftor which have been tested in at least 
25 countries. In l%O the British National In- 
stitute of Agricultural Engineering (NIAE) in 
UK tested its own prototype design in East 
Africa, and derivatives of these were sent to at 
least 20 countries (Willcocks, 1969). More re- 
cently from 1974 to 1986 the International 
Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT) started a major pro- 
gramme of research involving the use of 
wheeled toolcarriers in a crap cultivation sys- 
tem based on broadbeds. This resulted iu the 
enhancement of the Tropicultor and also the 
development of a new design of wheeled tool- 
carrier, known in India as the Nikart (Bansal 
and ‘lhierstein, 1982; ICRISAT, 1983; Kemp, 
1983 and 1987). 

The history of wheeled toolcarrier deve!op- 
ment has recently been reviewed in detail by 
Starkey (1988). He concluded that while 
about 10,OOO toolcarriers had been manufac- 
tured between 1956 and 1986, the number 
that were ever used by farmers as multipur- 
pose implements for several years was rte+ 
gible. The majority were either abandoned or 
used as very expensive carts which, because of 
multipurpose design constraints, were actually 
less efficient than purpose-built carts. 
Wheeled toolcarriers have been rejected be- 
cause of their high cost, heavy weight, lack of 
manoeuvrability, inconvenience in operation, 
complication of adjustment and difficulty in 
changing between modes. By combining many 
operations into one machine they have in- 
creased risk and reduced flexibility compared 

with a range of single-purpose implements. 
Their design has been a compromise between 
the many different requirements. In many 
cases for a similar (or lower) cost farmers 
could use single-purpose plows, seeders, 
multipurpose cultivators and carts to achieve 
similar (or better) results with greater con- 
venience and with less risk. 

Starkey (lY88) argued that farmer rejection 
bad been apparent since the early 196Os, yet 
as recently as 1986 most people working in 
aid agencies, international centres and na- 
tional agricultural programmes were under 
the inzpressiott that wheeled toolcarriers had 
been widely adopted in some countries. These 
impressions derived from the circulation of 
numerous encouraging and highly optimist!, 
reports. All wheeled toolcarriers developed 
have been proven competent and often very 
effective, providing excellent precision iu 
operations under the optimal conditions of 
research stations. Most published reports 
derive from such experience. Published econ- 
omic models have shown that the use of such 
implements is theoretically profitable, given 
many optimal assumptions relating to farm 
size and utilization patterns. In contrast there 
have been virtually no publications available 
describing the actual problems experienced by 
farmers under conditions of environmental 
and economic reality. 

The concept of wheeled toolcarriers is clearly 
attractive and several technically competent 
designs are available. Nevertheless Starkey 
(1988) concluded that prospects for such im- 
plements within existing farming systems in 
Africa, Asia and Latin America seem poor. 
Organizations wishing to evaluate or redesign 
wheeled toolcarriers would do well to review 
in some detail the experience of previous 
schemes, Details of many of these are pro- 
vided in the book on the subject by Starkey 
(1988) and the addresses of some organiza- 
tions in Africa that have evaluated this tech- 
nology can be found in the GATE Animal 
Traction Directory: Africa (Starkey, 1988). 
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‘93 HarlJesting iqufpment : 
Animal-drawn, groundnut lifters were dis- 
cussed in an earlier chapter (section 7.8). 
Such implements are quite widely used, some 
being single-purpose tools, while others are 
attachments to simple multipurpose toolbars. 

Root lifters are not common in the tropics. 
Cassava is not well adapted to lifting with ani- 
mal power size it is a woody and deep-rooted 
crop that is aften harvested when the- soil is 
hard. The draft requirement for a lifting blade 
to pass under the roots in such circumstances 
would be very high, The cutting back of the 
plant to allow animal lifting would reduce the 
potential to make use of the long stems for 
manual raising of stubborn roots. Yams are 
usually grown in ‘areas where few draft ani- 

I 
mals are used. Trials have been undertaken in 
,C&te d’lvoire on *growing small varieties of 
yams in ridges and lifting yams using, animal 
power, but problems were experienced in 

’ combining effective crop cultivation practices, 
socially acceptable varieties and ease of lifting 
(Bigot et al., 1983). Potatoes grown on ridges 
are more amenable to lifting equipment and 

Fig. 9-3: Poiato li@w. 
Top: Long-standing Europeon design. 
Bottom: Prototype devekped for Peru. 

Sourcw CEEMA?, 1971; Herrandina, 1987 

, 

Scurrw Glill, 1977 

Fig, 9-4: Ancient designs of animal-pushed reapers. 

several commercially produced designs of ani- 
mal-drawn lifters are available from China, 
India, Morocco, Poland, and UK (JTP, 1985). 

Animal-powered equipment for harvesting 
cereals has been available for a long time. 
There are reports of “Gallo-Roman” reaping 
machines which were animal-pushed, two- 
wheeled carts, with an adjustable comb and 
blade at the front, As the reaper was pushed 
though the grain field, the heads of the crop 
would be broken off, and fall into the cart, 
leaving much of the straw standing in the 
field. Since no examples of this technology re- 
main in existence, it is difficult to judge the 
problems of clogging and wastage that would 
have occurred with such an implement 
(Smith, 1979; Gill, 197’7). Derivatives of such 
designs were used in the UK in the eighteenth 
century but were considered only suited to flat 
areas wheie there was excess straw (Smith, 
1979). More complicated animal-drawn grass 
mowers and reapers for small-strawed cereals, 
such as wheat and barley, were developed to a 
high degree in Europe and North America be- 
tween about 1840 and 1930. They required 
both high draft power and ieasonable speed, 
and so were generally used with strong horses 
rather than oxen (Binswanger, 1984). During 
much of this time motorized harvesting was 
not a realistic option. 

Some illustrations and details of horse-drawn 
harvesting machinery were provided by 
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Harvesting equipment 

Fig. 9-5: Animal-drawn mowers. 
Top: L+ung-standing Europeon design. 

Middle: Prototype designed in Punjab, Indin. 
Below: Mower developed for use with a Tropiculrar 
wheeled toolcavier: the mower blades are driven by 

a small petrol engine mounted behind the toolcarrier. 

CEEMAT (1971), FAWCEEMAT (1972) and 
Viebig (1982). However despite some trials 
with such equipment in the tropics, there are 
virtually no records of their use in developing 
countries, where cattle provide most of the 
farm power and many rainfed cereals (sor- 
ghum, maize, millet) have large stems. The 
main reasons for their lack of acceptability 
appear to be: 

l their high cost, which is unlikely to be justi- 
fied from the protits of one small farm, 

their complexity. which nece&itates consid- 
erable investment in training time, 
the fact that they are easily damaged by 
stumps and ground obstructions, making 
them only suitable for use in well cleared 
land, 
their heavy weight and requirement for 
both power and speed. 

Those conditions that might be favourable for 
animal-drawn harvesting equipment (for 
example where farm income is high, technical 
knowledge is available and land is well 
cleared) may also be suitable for motorized 
harvesting equipment. Similarly those circum- 
stances that might favour communal owner- 
ship or entrepreneurial hiring of animal- 
drawn harvesting equipment, are also likely to 
favour motorized alternatives. This should not 
be taken to imply that no animal-drawn har- 
vesting equipment will ever be appropriate in 
developing countries, but enthusiasts for Eu- 
ropean or .North American horse-drawn im- 
plements should not expect to be able to eas- 
ily transpose such designs into the small- 
holder farming systems of Africa. 

There have been cases of animal drawn carts 
or toolcarriers fitted with motorized mowers 
(Nolle, 1986). .These have had the advantage 
of requiring only 3 small motor for the mower 
as the power for transport was provided by 
the animals. The relative cost of small petrol 
engines has been falling in recent years, but 
the problems of developing countries obtain- 
ing foreign exchange to purchase them have 
increased. More significantly mowing is not a 
common operation in the tropics, where hay 
and silage production is difficult and where 
many pastures have thick grasses. To date the 
use< of such equipment appears to have been 
confined to research stations where they may 
simplify experimental work on forage produc- 
tion. While there is little hard information for 
or against such implements at farm level, they 
may well represent another example of a re- 
search idea that has not been found appropri- 
cte to the needs of small farmers. 
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&doe: ITP, 1985 

kig, 9-6: Commercially available ‘MmaGdrawn fertilizer applicators and a crop sprayer: 
a’laqe area of cropr woltld have to be treattid to justify the investment in such impiements. 

9.4 Fertilizer applicators 
Most chemical fertilizers on small farms in 
the tropics are applied by hand (Nlopfen, 

s 1%9). Single-purpose animal-drawn fertilizer 
applircators are not common, although they 
are commercially available and were used in 
Europe and North America earlier in this 
century (ITDG, 1985). Reasons for their 
limited use in developing countries include 

I low levels of chemical fertilizer application 

and the relative ease of broadcasting fertilizer 
by hand. It is also likely to be associated with 
the limited adoption of precision planting to 
facilitate accurate fertilizer placement in rows, 
and also the economies of fertilizer use that 
can be obtained thr.ough application to indi- 
vidual plants or stands. 

Fig. 9-7. A combined topdressing fertilizer applicator 
and weeder developed experi?nentaily in Borswana 
Based on the chassis of a seeder, the fertilizer unit 

can aLro be mounted with the seeder unit to make a 
combined pknter-fertilizer applicator. 

Source: 110, lS83g 

Quite complex dual-purpose combined 
seeders and fertilizer applicators have been 
developed in many countries but adoption 
rates have been low (Munzinger, 1985). This 
may be associated with their high cost and 
complexity and the relative ease of performing 
operations by hand. On-station trials have 
usually demonstrated the benefits of such im- 
plements under optimal conditions. Farmers 
have often had problems in maintaining cor- 
rect seed and fertilizer placement under the 
less uniform and more rigorous conditions of 
their own fields. One problem relates to the 
hygroscopic nature of many fertilizers. This 
causes the granules to become sticky as they 
absorb water from the atmosphere, making 
metering mechanisms inefficient. Related to 
this is the very rapid corrosion of metal im- 
plements used for fertilizer distribution. 

In contrast to the expensive pn;dsion imple- 
ments, some very simple units have been de- 
veloped in India, comprising small wooden 
bowls with PVC tubes that connect to simple 
share openers. The seeds or fertilizers are 
hand metered by dropping appropriate quan- 

--- 
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Photo: IClllSAr archiwa 

.P+ig. 9-8: A “Tiipktdtor wheeled tookarrier being used for combtned weeding rutcl ferti&r application on the 
ICRISAT resemh statiok Phe fertiiixr is itund-metered ~t~ld passes down plastic t1rbe.s ho hollow tines. 

tities into the bowl. Such units may be con- 
nected to existing plows for combined seeding 
and fertilizer placement, or to weeders for fet- 
tihzcr placement during wee&q (Fig. 9-g). 

Fig. 9-9: Simple htxd-metered tube dist&ution 
mechanirnt opt M Mtkn 2-row “LRrphnn” seeder 

which cnn be adapted for fertiker placement. 

SuLuce: oil and Par& 1w 

It is not the intention to discourage work rc- 
lating to animal-drawn implements for fer- 
tilizer placement, for the benefits of accurate 
and timely fertilizer placement are we3 
known. Nevertheless enthusiastic agricultural 
engineers in at least 20 different African 
states and many mofe r.ountries worldwide 
have already invcstcd much time in develo- 
ping their own prototype seeder-fertilizer ap- 
plicators, with minimal uptake of their la- 
bours. This repetition of similar experiences is 
wasteful of resources and suggests that ad hoc 
work on implement design itself is not suff- 
cicnt to rnakc an impact in this particular 
area. 

-_11_- -e____L.-I---vX”w.-l--.I .r_ll -LI-,--l--_L..II--- II-- - - -- -___---. _- ---- --.” ..-.- ^ -_-__ I.---.- ------. _ 
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Phota: AFRC-Engineering archlvos 

Fig, 9-/& Ri&vyi& m a rt?wmdt m&m in The i%.mbia 

93 Ridge-tiers Severat designs of animal-drawn ridge- tiers 
have been developed, but to date there seems 

J&ii ridges to form a grid af mounds and little evidence of farmer adoption. Simple dc- 
hollows can assist in soil and water conserva- signs developed and tes:ed in Nigeria in the 
tiaa particularly in those semi-arid regions 1960s (Stokes, 1963: ITDG, undated) and The 
that have (MO-700 mm of annual rainfall. GamGia in the 1970s (Matthews and Pullcn, 
Large yield effects attributable to tied-ridging 1974) scraped the hallows between ridges and 
hwe been demonstrated on rcscarch stations. had to be lifted every few metres over the ac- 

cumulated soil to obtain 
the ridge-tic. This was hard 
work for the farmer and 
animals, and few farmers 
appeared convinced that 
the benefits justified this 
effort. More recently two 
piotolype animal-drawn 

Fig. 9-11: 
An operator lifis a ridge- tying 

implement and so forms a 
ridge-tie. The “Unibnr ” 

rmdtipupose toolbrlr fitted with 
the ridge-tier was being tested on 

n research station in 
The Gambia 

Photo: AFRC-Engmaring archives 

-- ~-o(l.ll~-.~--L-ls--_“._l.-.-.--__--- -__- ._-__-.-_ -.--_.- _-_I- ._-- ---.- 
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weeder rollers 

60cm - 

ridge-tiers have been developed in Burkina 
Faso. One developed by ICRISAT rwcarchers 
is based on a ridger with a large eccentric 
ground whecI that changes the working depth 
cytdicaiiy and so creates very gradual ties; the 
other developed by rcsearchcrs from IITA and 
SAFGRAD has four blades arranged at right 
angles, and the operator trips the blade to 
allow it to rotate by 90”, so depositing the soil 
and forming a ridge (Wright and Rodriqucz, 
1986). A ridge-tier has also being developed 
by CPATSA, EMPRAPA and CEEMAT in 
Brazil, as an option for the CEMAG Policul- 
tor wheeled toolcarrier (Durct et al., 1986). 

It should be stress& that while researchers 
are optimistic about animal-drawn ridge-tiers, 
no implement design has yet passed the test 
of larmer adoption. Further information on 
current research can bc obtained from ICRI- 
SAT and SAFGRAD in Burkina Faso. 

9.6 Weeder rollers 
The use of large, heavy rollers fitted with cut- 
ting blades has been tested by GTZ-supported 
projects in Tanzania and Cameroon (Becker, 
19r87; IAD, 1987). The rollers me W-100 cm 
wide and arc fitted with rotating steel frames 
supportiog 6-12 knives (Fig 9.13). As the roll- 
ers are pulled along the rotating knives cut up 

grasses, small shrubs and surfacc trqsh leaving 
a mulch of chopped vegetation. Weight esti- 
mates for the implemeats range from a io-* $0 
kg reported for an eight-blade model in 
Camcrm (IAD, 1987) to a high 450 kg for 3 

IO-blade prototype in Tanzania (Becker, 
1987). In preliminary trials in Cameroon and 
Tanzania such rollers were used for clearing 
stover and weeds from fields prior to cultiva- 
tion. Reported work rate5 are in the region of 
5-6 team-days per hectare (based on a 4-5 
hour working day), while to achieve similar 
clearance would require. 27-30 person-days. 
The weeders have been found particularly 
useful for weed suppression within orchards 
and under tree plantations and there are sug- 
gestions that the rollers might be usehlly em- 
ployed in alley cropping systems. 

In early 1989 these implements were still at 
3n early stage of development, although 
small-scale production had started in Camc- 
toon. It is too early to say whether weeder 
rollers will be adopted but one can conjecture 
possible constraints to eventual farmer adop- 
tion. High implement cost combined with 
limited annual use may well make it difficult 
for small farr.lers to justify buying such equip-, 
ment. Alternatives to individual purchases, 
such as entrepreneurial hire schemes or group 
ownership, have afcen been suggested as 
means of disseminating expensive animal trac- 
tion implements, but in practice few such 
schemes have ever developed. Farmers may be 
discouraged by the implements’ heavy weight, 
poor manocuvrability within their fields and 
plantations and the difficulties in transporting 

Fig, 9-13: 
pLoto~p weeder-ml,?el with wooden frrune (concept). 

Source: Becker.1987 

I- _--__----- --- 
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Fig. 9-M Bvtotype weeder rvller with steel @me developed in Tanzania 

such units between diflercnt fitids. Their use this technology should obtai- updated infor- 
for control of thick grass and light bush could mation before fciiowing up i :. se ideas. It will 
pose a threat to the hcaith of the animals that be particuiaxiy important LO learn whether 
have to waik through the brush ahead of the farmers perceive such implements to be tcch- 
roller since iignified grass stalks and shrubs nicaiiy appropriate and economically affor- 
could puncture the animals’ skin or cycs. In dable in their specific farming systems. Fur- 
normal use the frame surrounding the roiling ther information can be obtained from GTZ, 
blades should prevent human feet from x- Germany, TIRDEP, Tanzania and PAFSAT, 
cidently being cut, although caution would be Cameroon (for addresses set Appendix and 
&ways be required during manoeuvring. GATE Animal Traction Directory). 

Reports of initial trials have expressed cr~A& 
erabie optimism for the potcntiai for ;!esc 
weeding wiiers, which arc to be further cvalu- 
ated in Brazil, Camcroon, Ghana and Tanza- 
nia in conjunction with GTZ and the Univcr- 
sity of Giessen. However at the time of writ- 
ing thii equipment had not been proved by 
farmer adoption, and persons interested in 

9.7 Land formation equipment 
Animal-drawn scoops for ieveiiing kids or 
for “water harvesting” have been used in Afri- 
ca and elsewhere for, many years (Hopfcn, 
MO). Scoops are made from sheet steel to 
which are attached two steering handles and a 
movable U-shaped steel drawbar (Fig. 9-15). 

Fig. 9LlS: ERrrir-morvkgscoops wed for land form&on, pond corrsmrctton and water harvesting. 

Phch-.Pautsatukq Ltjk Sroap rmed by LL.tX, Ethiopia Righr. Scoop jkom India 

-.- ____-__ ---- 
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Phota: iLCA Highlands Programme 

F@ $W% A CX2M w#M&# t&h t”NiRari” type] with ridgers and lewlling boaA being euahrated on wt 
ll, It wu wuidered too expmiw for fmlrg broad-beds in local farming 

ed un mcxii$ing the maresha ard ta@n compwable broad-beds. 

but are not 
. Lack of up 

ted with limited use of 
mgated crop production in 

A&a, the hmuy draft of the implements, and 
the fti that ridges made with bund-fonners 
have littie plxsisten~ in stofm!L 

A combination of conventional mouidboard 

tems of broad-bed cultivation using wheeled 
toolcarriers, but although experimental results 
were encouraging (Ryan and von Oppcn, 
19g3’, farmer adoption was minimal (Starkey, 
1983). In Ethiopia, ILCA briefly evaluated 
wheeled toolcarriers but decided to modify 
existing local implements for land-forming 
operations. Jut& Anderson and Astatke 

r*- harrows 
iiers can be used 

fw terti%4ze for 
~~f~~t~ rmd other 
types of land shaping for 
soil and water mmfviG- 

tion. Rcscarch by ICRI- 
SAT in India and lLCA 
in Ethiopia has indicated 
that large fiat ridges 
(brmd-beds) can greatly 
improve the dr&nage of 
heavy black soils (Vcrti- 
sots), providing higher 
and,hr more reliable 
yiekis in on-farm t&k. 
ICRISAT developed sys 

Fig. 9-I& Mouklboard a&xi qxrimentrrlcy to a craditional Ethiopian 
maresha ard to alkw* the formation of terraces and broad-be&. 

Photo: Paul Starkey 

-.“-1__. __II_x^--_I,I__I_I___xlI-TII1 l__x__ _,- ..__ -_-.-_- -- 
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Fig. 9-X: htotyp bnxui-bed maker @werOped in 
Ethiopk Two mu&a urds a~ (temjwuily) joined 
and m&l steel %wuldboa&” a~ attacFled. 
(Dim~2.~ionr if! cm). 

C-W--l 

(1986, 1988) described the development of boards are attached to the ards to facilitate 
modified maresha ards in Ethiopia for use in the formation of bunds and broad-beds. The 
terrace construction and broad-bed formation. work, which is being carried out by ILCA, the 
Initially two ards were used to construct a new Ethiopian Ministry of Agriculture and local 
broad-bed former, but this was difficult to farmers is still at an early stage, and it is too 
transport and the arcis used to make a broad- early to judge whether the technology will 
bed former could not then be used for normal become widely adopted. On the positive side 
plowing. A new design was therefore de- the broad-bed maker requires only local ma- 
veloped in which two ards are only tempo- terials and existing skills. Initial agronomic re- 
rarily joined to form a single implement sults are favourable and suggest that even 
(ILCA, 1988; Fig. O-21). Simple steel mould- with minimal inputs, the broad-bed and fur- 

Fig. P-22: Leveliing a plowed field in Egypt prior to irrigatiott and planting. 
The simple ride-on leveller is made fiwm a log of wood Photo: Paul Starkey 
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Photcx Paul Starkey 
Fi’ 9-U: A COW nlntp a sakia water wheel to inigute cmp in i&p 

Many tFwuwncis of such devices m used tu rake water fmm shallow w& and tigaticm camak. 
, 

row technique provides more reliable harvests 
than traditional systems. On the negative side, 
the broad-bed maker requires more time to 
set up and has a greater draft during oper- 
ation than the unmodified nrureshe and is less 
manoeuvrable on the field. Some research is 
being undertaken on simple seeders, bladc- 
weeders and fertilizer distributers that can be 
fitted to the broad-bed makers. However in 
early 1989 such designs were still at a proto- 
type stage, and it is by no means certain that 
the maresha broad-bed maker wili be de- 
veloped into a multipurpose implement anal- 
ogous to the wheeled toolcarrier. Further in- 
formation on the modified mareshrr and the 
broad-bed maker can be obtained from ILCA, 
Addis Ababa. 

9.8 Water-raising equipment 

Traditional designs of animal-powered water 
wheels and other devices that provide rcla- 
tively continuous delivery of irrigation water 
have been employed in North Africa and Asia 
for centuries (Liiwe, 1986; Kennedy and Ro- 
gers, 1985; Inter Tropiques, 1985). Such sys- 
tems make use of available materials and local 
energy sources, and can be made and main- 
tained by local artisans. Among the well 
proven designs are the “Persian wheel” and 

the Egyptian %a kia”. The Persian wheel com- 
prises a continuous loop of containers that 
scoop into the water, rise up, and empty out 
the water just after reaching the top of the 
wheel. The loop of pots can be quite long, so 
extraction from depths of 5-20 m is possible. 
For raising water to irrietion ditches from 
sha!low wells the sakia is more cfficicnr. This 
is because unlike many other irrigation de- 
vices, water is not “aver-lifted”. Water is 
scooped up in a series of spirals, and dis- 
charged into the irrigation ditch from the ccn- 
Fig. P-24: The wheel of a .&in. As the wheel rotms, 
water is continually scoped into the mnprtment.s 
of the spirrrc, and released by the central hub. In this 

wny writer is not lifted higher thnn necmmy. 

-- 
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Water-raising equipment 

tral hub of tke wheel (Fig. 9-24). The &stance 
water can be lifted is limited by the radius of 
the wheel, and is generally less than 2 m. This 
hits the use of sakias to quite specific condi- 
tions such as flat areas close to rivers, lakes or 
irrigation channels or other areas with a re- 
Iiably high water table.‘The output of such sa- 
kias is generally 50-80 m3 h” with a 1 m lift, 
and in E@pt one sakia commonly irrigates 6- 
10 ha of aop~ (L&R, 1983; W. Boie, personal 
cxLMmMication, 1989). 

In some regions where traditional designs of 
water-raising systems are used, development 
projects and appropriate technology organiza- 
tions have tried to improve those traditional 
designs and in some cases have produced en- 
tirely new prototype systems (Tainsh and But- 
sey, 1985, Kennedy and Rogers, 19eLc;; Baqui, 
1986). However in some devcloping countries, 
including India and Egypt, electric or diesel 

Fig+ 9-25: Shpk ,- 
mote Water-M 
sysey showingslope 
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pumpsets are quitz rapidly replacing the wide- 
ly used traditional animal-powered water-rais- 
ing systems. Same such moves away from ani- 
mal-powered systems have been encouraged 
and subsidiid by government agencies. 

In most of Sub-Saharan Africa, animal- 
powered water raising systems arc absent or 
rare, yet in severaLcountries there have been 
serious problems in affording or maintaining 
irr.gation schemes relying an diesel or electric 
pumps. Suggestions have therefore been made 
that animal-powered systems eauid provide an 
appropriate solution, particularly as animal 
power is considered to be one of the cheapest 
methods of raising water at low lifts (Halcrow, 
1983). While this is a sensible option to con- 

sider, it is one that 

source: L&&e. lefm 

. 

Fig. 9422 A “Sahores” mote, of a type 
installed in seven-d vilhges in SenqaL 

needs to be ap- 
proached with cau- 
tion. If the required 
“traditional” skills are 
not readily available, 
the installation of 
“traditional” designs 
may necessitate spe- 
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Less conventional equipment 

Photo: Paul Starkey 
Fig. P-27: A simpk and cheap animal-powered water-lifiing system in Niger. The animals wuik about 8Um (the 

depth ojthe we& pulling a mpe to which is attached a 25 litre bag. When the bag reaches the top of the well it is 
matwliy emgried, and tipped down the well again as the animals return for the next lifr. 

Fig. 9-28: Raking water from a deep well in Senegal 
using a “Gu&vult” system of ganmk and overhead 
tines instalikd by ENlM. The animals walk about 
8&n (the dkpth of the weU) puuing up one 50 litre 
steel container, and then pull up a second 50 litre 

fmttainer on the #Vhm 10 the Wea 
Photo: Paul Starkey 

\. 

cial training and supervision. No mechanical 
water-raising system is maintenance-free, and 
the introduction of animal-powered irrigation 
techniques may require significant training for 
local artisans to ensure the systems are main- 
tained in working order (Lowe, 1986). One 
FAO project designed to overcome these 
problems involved Moroccan artisans training 
their counterparts in Mauritania to make and 
maintain traditional Moroccan designs of 
water-raising equipment (Bourarach, 1987). 

While there are several aid projects in Sahe- 
lian countries interested in the potential for 
using animal power for irrigation, there is, as 
yet, not enough positive evidence to suggest 
that such techniques can be effectively intro- 
duced in present social and economic circum- 
stances. Thus while it is an interesting option, 
any organization contemplating such a 
scheme would be advised to contact the rele- 
vant projects and information sources for an 
up-to-date assesrment of this specialized area. 

For domestic requirements, for providing 
water for animals and for small vegetable gar- 
dens, the raising of water from wells using 
animals to pull on ropes is a well proven and 
quite simple technology (Fig. 9-27). Such a 
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Water-raising equipment 

Source: 

Fig. 9-W: “Stuney’s mote’: Similar designs of water raising syst%ns are installed rn many villages in Sri Lanka. 
As the animal walks mund, the two buckets continually (and alternately) rise and faI1, 

The buckets are designed to fill and qnpty themselves without supervisioh. 

system can be used with wells of any depth, 
but it is most useful for very deep wells for 
which pumping systems can be difficult and 
for which manual raising is extremely tedious. 
In several Sahelian countries pairs of oxen 
may be seen walking away from wells pulliig 
ropes 80-100 metres long. When ‘the container 
reaches the top, the animals turn and walk 

Source: 

back in order to start the working part of the 
cycle again. Although such a system may ap- 
pear laborious and slow, it illustrates how ani- 
mal power can be utilized very simply to allow 
essential water to be raised. In a traditional 
system known as a Dclou (or mote in India) 
the pulling of the water container is made 
more efficient by making the animal(s) walk 
down a slope (Fig. 9-25: Kennedy and Rogers, 
1985; Lowe, 1986). The need for the animals 
to walk to and fro is reduced in the G&or& 
version of the Delou developed by ISRA and 
ENDA in Senegal (Goubert, 198% Jacobi and 
Lowe, 1984; Deshayes, 1988). This has ropes 
or wires mounted above the animals, so that 
they can walk in a large oval, contlnuiqg to 
supply useful energy on the return journey as 
well as the outward one (Fig. 9-28). Extrac- 
tion rates with a GuCroult can be up to 4 m3 
per hour at 40 metres, dropping to 2 m3 per 
hour at 80 metres (Lowe, 1986). In circular 
motes or “Stoney’s mote” (Fig. 9-29), as used 
in Sri Lanka, one or more animal walks in a 
circular path, and a beam attached to over-’ 
head lines acts as a crank, converting circular 
movement into the vertical lift and fall of two 

. 

Fig. 9-30: Prototype anitnal-powered piston pu~np in 
Botswana. It uses the power of‘rrp to nine donkqs to 
pump water from deep wells. 
A. General impression. B. Pk. C. Elevation. 

-‘ 

Harnessing and implements for animal traction 
.- -1__1 

147 



Less co*&~tianal equipment 

water containers (L&e, 1986). A recent adap- 
tation of this principle is seen in the Mum&e 
S&ores developed in Senegal. An animal 
(usually a donkey) pulls a beam round in a 
circular path causing an overhead, dounterbal- 
anced rope to operate a simple piston pump. 
Extraction rates can be 6 m3 per hour at 6 
metres dropping to 1.8 m3 h” at 20 metres. 

Animal power has been used to drive adapta- 
tions of commercially available pumps. In one 
,test in Botswana eight donkeys pumped 
5.3 m3 in an hour over a head of 38 metres 
using a British “Monopump” (Maseng and 
Jacobs, 1985). Using a commercial pump and 
a multipurpose gear, two small oxen were ca- 
pable of pumping 2 m3 h” through a head of 
16 m in Sierra Leone (Koroma and Boie, 
1988). In India, two heavy water buffaloes 
were reported to be capable of. pumping 20 
m3 h’l through an 8 m lift using a Danish 
“Btinger’” pump (Burton, 1987). 

Animal-powered water raising systems may be 
used for small scale irrigation, for example for 
vegetable production. Unfortunately in many 
of the rural areas where animal-power might 
be usefully employed for irrigation, marketing 
can be a major constraint and local produce 
prices may not be sufficient to economically 
justify the investment in any type of irrigation 
equipment. Although animal-powered systems 
are relatively simple, there are significant 
costs in time and materials to erect and main- 
tain overhead lines and the circular sweeps. 
For domestic use, one unit can serve a small 
village, but this requires considerable cooper- 
ation for it is impracticable for each person to 
bring their own animal to draw water, The im- 
plications for communities that such systems 
may have on the partition of labour and re- 
sponsibilities by sex, age and social group 
need to be carefully considered (Jacobi, 1985). 

In several African countries prototype animal- 
powered water-raising systems have been 
built, but examples of recent, successful intro- 
duction are quite few. In some cases the prob- 

lem has been the technical failure or the inef- 
ficiency of the prototype systems installed. In 
other cases systems have appeared to work 
satisfactorily, but diffusion of the technology 
has still not been widespread. For example in 
Senegal some systems have been operating in 
villages for over ten years, but the total num- 
ber in use is still low. In some cases the water- 
iaising systems may improve the quality-of-life 
of people but not alter their incomes and this 
may well have implications for the way such 
installations are funded ln impoverished com- 
munities. Animal-powered water-raising is not 
as simple as it may seem at first sight, and 
there is much to be gained from the careful 
study of previous experiences. Sources of rele- 
vant information include ENDA (Senegal), 
GATE (Germany), IAE (Zimbabwe), IT- 
Della (France), ITDG (UK) and RIIC (Bot- 
swana). The addresses of these organizations 
are provided in the Appendix and the’GATE 
Animal Traction Directory: Africa. 

Fig. 9-31: 
Some mechanisms for linking ~utimah to machines. 

A. TreadmilL h. Commercially available gear system 
C. Gear system based on vehicle differential 

D. Rope engine (concept). 
Sources: after 
Roosenberg, 1987; 
ITP, 1965; 
Hopfen and Biesalski, 19 
Thomas, 1969. 

I 
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Animal-powered gears and post-harvest operations 

Source: lTD9 undated 

Fig, Q-32: Animal-pulled fhreshing sledge. 

‘9.9 Animal-powered gears and 
post-harvest operations 

For centuries animal power has been usefully 
employed for crop processing, Some cereal 
crops can be threshed without any special 
equipment, merely by the trampling of ani- 
mals. However basic threshing can be more 
efficient with the use of animal-pulled thre- 
shers similar in appearance to rotary puddlers 
or disk harrows; such implements can be 
found in several north African countries. 
Simple traditional mills requiring slow speed 
but fligh torque are well suited to being 
turn.ed by animals. In northeast Africa camels 
are employed to turn uncomplicated mills 
based on a large wooden pestle and mortar 
designed to press oil-seeds such as sesame, 
Animal-powered sugarcane crushers, which 
also require only low speeds and high torque, 
are widely used in parts oT Asia and Latin 
America and are commercially available in 
India (ITP, 1985). They were adopted to a 
limited extent in Madagascar (CEEMAT, 
1971) and have been commercially produced 
in Kenya (ITP, 1985). 

Animals can also be used to power a wide var- 
iety of more complex grinding mills and vari- 
ous types of crop processing machinery that 
require high speed rotation and relatively low 
torque. The mechanisms for harnessing the 
power of the animals sometimes involve 
treadmills (Fig. 9-31) but more commonly 

they are based on. long, animal-turned drives 
or sweeps (man&es in’ French). As the ani- 
mal(s) walk round in circles, power is trans- 
mitted through a system of gears or belts to 
the output machine. A useful review of this 
subject was provided by tiwe (1986), who 
discussed historical precedents and modern 
applications. Other publications giving details 
of long-standing designs of animal-powered 
systems include Partridge (1974), Major 
(1985) and CEEMAT (1971). 

Complete purpose-built gear units were sold 
for many years in North America and Europe, 
aud in recent years have been available in 
Pakistan (ITP, 1985) and Poland (United Na- 
tions, 1975). There continues to be interest in 
designing single- or multi-purpose gear sys- 
tems for use in developing countries. ,Many 
systems designed during the past fifty years 
have involved animals walking in circles 
around the differentials of axles from old ve- 
hicles which have provided the basis for the 
gearing system (Hopfen and Biesalski, 1953; 
Hopfen, 1969; Finn, 1986; Symington, 1986; 
Roosenbesg, 1987; Mueller, 1987). One unit 
developed by AFRC-Engineering was based 
on the gears of a cement mixer. A different 

Fig, 9-33: Animal-huned sugarcane press. 
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Less conventional equipment 

Photo: Paul Starkey 
Fig. 9-34: A prototype animal-powered multipurpose genr system in&led at the Rolako Work c)xen Centre in 

Sierra Leone. l&e horizontal wheel bar been weighed down to increase fiction with the ofiake’supporting wheel 
(centre of photo). The output shafl runs below the fore-ground of the plwto. 

approach has been taken by the Development 
Technology Unit of the University of War- 
wick which has being trying to develop ani- 
mal-powered rope engines. In these the ani- 
mal walks round a circle of rope, ‘pulling a 
beam on which is a pulley. As the pulley runs 
round the rope, the rotational movement of 
the pulley is transmitted to a second rope, and 
so to the final output (Thomas, 1989). A key 
problem faced by such systems is dealing with 
the expansion characteristics of long ropes. 

In the early 198Os, GATE undertook a pilot 
project that involved installing animal- 
powered systems for raising water or grinding 
cereals in about twenty locations in West Af- 
rica (Busquets, 1986). While some units were 
designed for specific applications (pumping or 
milling) one system was a multipurpose drive 
that could power a range of pumping, hulling 
and grinding equipment (Fig. 9-34, 35). The 
requirement to perform several different func- 
tions made the multipurpose unit the most 

Fig. 9-3.5: 14 multipurpose 
gear syslem developed by 

rhe GATE pro@. 
The animal(s) (A) turn a 

large horizontal wheel (II) 
oj* 4 m diameter which is 
supported by two neutral 

supporting wheels (C). As 
the horizontal wheel 

rotates its w@il causes the 
rhird supporting wheel (0) 

IO hrrn. ‘?&is drives a chain 
(E) connected to the final 

output shaji (F) which may 
be situated below ground 
level to allow the animals 

to step over it easily. 

----------------------- 
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Animahowered saears and Dost-harvest ooerations 

Photo: Paul Starkay 

Fig 9-36: A pkxypc animal-pnweti mill inrltlled in a villngt- in Scwgd folhving 
colhbumtitm betwcw lJte villagers, ENDA., GATE and a kd !da&mih. 

expensive of these geJu systems. One u~ulti- 
purpose unit is being evaluated in Sierra 
Leone where it pumps water for an animal- 
traction station and also hulls rice. A proto- 
type cassava grater is being developed for this 
gear system (Koroma and Boie, 1988). 

A completely different t)rpe of animal- 
powered equipment was also devci,pped hy the 
GATE project: this was a sin@ywposse grind- 

ing mill, mounted on a rotating beam (Fig. c)- 
3’7). Power for the mill is supplied by a short 
chain driven from a ground wheel running on 
a low circular wall of 5-6 metres diiuneter. 

Swrw:&ef ENDA. 1956 and 6it&3nbWQ, 1988 The wheel rotates at 
about ten times the 
rotational speed of 
the sweep as the ani- 
mal walks round in 
circles (Biclenherg, 
1OSS). Using a single 
donkey, this unit 
fitted with grinding 
stones is capable of 
grinding about 5 
15 kg of millet per 
hotir into relatively 

food-quality 
flour (Boie, I%@). 
With horses or oxen 
rates of UD to 20 ke 

Fig 9-37: An early version of r/k- 
aniinal-pwered cm371 mill of per hour orf rclativel~ 

the r)tpe favoortreti by he G,4 TE coarSe maize fhr 
nnirnal~pon~e.wd gear prujecr. can be ground. In 
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I 
The anhah (A) hvn, at about 2 r.pm, a 1~ sweep linked to the 
secutvd “sweep et&’ based on an old v&i& difle-rential (B). The 

di@nmtiai tums a sptvx&t and chain, which drives the output shqf& 
which in turn d&s a gearbox (C), teodirlg to a system of belt& and 

pulZqsthatgjveafinolou@tofaboutS~r.pm l%esweepcart(D) 
* can also be used to poMidc power driven from the ground whee?s. 

Fig P38: An ertam# of a pmtutype animal-powered gear system bared on a vehicle differentitlr 
lIzis putk&r~q& WYPI aheloped at the Tillem Sd Farm Program, WA, ami romparabk ptotyp! 

sysrems hove been developed in severtzl counm’es. 

one village in Senegai the installed mill (Fig. 
9-36) worked for about 6 hours per day, and 
women brought the;t own donkeys or horses 
to provide the power to grind their own millet 
(Busquets, 1986; Boie, 1989). It was found 
that grain miMed using animal power had to 
be dry (drier than for pounding or diesel- 
powered mills). This required a change in the 
daily schedule of women to allow grain to dry 
overnight, but the dried grain or flour could 
be stored. It was a matter of debate whether 
FCNMGII~~ animal power or motor power pro- 
duced the better flour, and overall judgcmenrs 
involved both objective and subjective opi- 
nions. The early prototype animal-powered 
mills tended to produce coarse flour but sub- 
sequent designs have attempted to rectify thii 
There were some social and organizational 
problems relating to the communal nature of 
the mill: for example obtaining the use of the 
mill and an tial at a convenient time. 
However the women felt that the mill saved 
them the considerable drudgery involved 
either in pounding or in travel@ to the 
nearest power mill (Starkey and Faye, 1988). 
The animal-powered mill has been designed 
for local coustruction, and about 20 units 

have been made and installed by local artisans 
in ScuegaI (ENDA, 1987). Initially all grind- 
ing units were imported, but some complete 
mills have been locally produced in Senegal 
(Boie, N89). In socioeconomic feasibility 
studies it was suggested that the widespread 
use of such systems in rural areas in West Af- 
rica could have a marked impact on the 
quality of life while saving fossil fuel and 
foreign exchange compared with motorized al- 
ternatives. Howt KJ it has yet to be demon- 
strated that surb systems can be constructed 
and operated independently of development 
agencies. Futher details of the design and 
operation af thxe apimal-powered mills are 
provided m the book of Boie (1989). 

In several publications and project proposals 
it has been claimed that animal-powered 
gears, treadmills, sweeps, rope engines or 
other mechanisms could be introduced into 
African countries to drive sop processing 
equipment (grinders, threshers and driers), 
workshop equipment (lathes, grinders and 
saws) and even refrigeration or electricity 
generation units. Although there have been 
several different initiatives and various de- 
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Animal-powered gears and post-harvest operations .--- - 

signs of equipment and techniques developed, 
there is insuffciient evidence to judge whether 
such schemes could have any long-term im- 
pact in developing countries. No programme 
has yet managed to demonstrate that station- 
ary animal-powered gear systems can be 
adopted to a sign&ant extent in Africa. The 
di@culties are both technical and socic~ecan- 
omit. Animals walk around gears and sweeps 
at the rate of about 2-3 revolutions per 
minute, and yet many machines require axles 
rotating at 2tNl-1tItM r,p.m. or more. Thus 
high gearing is necessary with inevitable fric- 
tional losses and this makes animal-powered 
gear systems relatively inefficient. Low-fric- 
tion gearing and bearing systems are usually 
expensive. Work animals are powerful and 
heavy and it has proved particularly difficult 
to devise effreient and ICIW-cost gearing sys- 
tems that are strong enough to withstand the 
very large, sudden and asymmetrical force< 
that even docile animals can apply to a gear 
system. Furthermore it can be difficult to ob- 
tain output devices (mills, hullers, pumps etc.) 
suitable for use with animal power, for most 
modem mass-produced marhines have been 
designed for consistent, high rotational 
speeds. Where it has proved technically 
possible to solve these problems, this has 
been quite costly, and most gear units are still 
relatively expensiw to install. 

Animal-powered gear systems were once 
widely operated in Europe and North Ameri- 
ca, and some units are still in use today. How- 
ever although the technology has been hiitori- 
tally proven, most animal-powered systems 
were developed in the absence of realistic al- 
ternatives such as small stationary engines. 
Today small petrol and diesel engines and 
electric motors are becoming increasingly 
available throughout the world., although their 
price is often high relative to rural incomes. 
In many parts of Asia, villages have electricity 
and electric motors can be used for crop pro- 
cessing, pumping and workshop applications. 
Even in rural areas in Africa, where electrifi- 
cation is uncommon, small motors of various 

types are increasingly being used, sometimes 
as a result of development init:tatives sup- 
ported by aid agencies. Motors may be dii- 
cult and expensive to acquire and maintain, 
but it is apparent from the success of “bush- 
taxis” and private motorcycles that the techni- 
cal and economic constraints to running en- 
gines in remote areas can be overcome. if 
there are sufficient incentives. Small motors 
can often achieve in a relatively short time the 
work that would take an animal (and its 
supervisor) several hours. In such circumstan- 
ces farmers, or entrepreneurs, are unlikely to 
favour the animal-powered option unless it is 
si~ifieanf& cheaper to purchase, operate and 
maintain. Certainly, once installed, the daily 
running costs of animal-powered gear systems 
may be low compared with systems using fos- 
sil fuel, but it should not be assumed that the 
animal-energy is “free”. Even where there are 
no direct economic costs to animal use, the 
various social costs and benefits of animal 
management and supervision have to be com- 
pared with the costs and benefits of alterna- 
tive manual or motor systems. 

Some of the arguments for and against ani- 
mal-power gear?, :t; .a identical to those for and 
against animal ,fwti*~r for tillage, and in many 
African coun.-&cs animal-power for tillage is 
proving to be a chosen option. However there 
are major differences between the operational 
requirements for low-speed tillage (for which 
animals are generally well suited) and station- 
ary applications requiring high speed rotation. 
As a result of such differences, and their ef- 
fects on price, efficiency and convenience the 
overall comparative advantage of animal 
power over motor power tends to be lower for 
stationary applications. Historically some of 
the fust operations tc, move from animal 
power to motorized power have been water 
pumps and grinding equipment. This has been 
observed in Europe and North America, and 
it can be seen by present patterps of adoption 
of motorized pumps and mills in animal-using 
parts of Asia and north Africa (Binswanger, 
1984). In these situations well-proven and 

.-_ --..v--.- 

Hamessing and implements for anlrtal traction . 
-e-m - 

153 



long-accepted animal-powered machines al- 
ready installed in vilhig~s have been aban- 
doned and replaced by motorized alternatives 
(m some recent cases in Asia and Egypt these 
changes have been encouraged through the 
provision of credit and subsidies). In most of 
sub-~aharan Africa the population densities 
and the i&&structure dii~~ markedly from 
the regions where animal power systems have 
been widely used, and so direct comparisons 
are problematic. Nevertheless it is clear that 
considerable financial costs and training effort 
would be needed to install animal-powered 
gears in village and thii would have to be 
done in the face of increasing competition 
from engine-powered alternatives, which may 
themselves be subsidized by aid agencies,. In 
addition to the potential technical and econ- 
omic constraints, L&e (1986) warned that as 
concern for animal welfare grows in donor 
countries, the idea of animals having to walk 
on treadmills or repeatedly turn in a circle is 
beginning to cause unease (even though the 
animal may be saving much human drudgery). 
L or national and international agencies de- 
pendent on public support in developed coun- 
iries, this point could prove increasingly im- 
portant. 

in conclusion, animal-powered gears can be 
effective and they have been widely used in 
some countries. There are few recent exam- 
ples of such systems being adopted on a signi- 
ficant scale. While systems differ considerably 
in their costs, work efftciencies ant! main- 
tainence requirements, they are quite expens- 
ive to install and like all machines, they- can 
fail if they are not correctly maintained. They 
are generally suited for use by a number of 
people, either through community ownership 
or through the initiative of a private entrepre- 
neur, and this may have important social im- 

plications. In ris.& ;GWS ~m.ny designs have 
been tested :A R irope. Asia, Mrica and the 
Americas, dnd OrganLMons considering the 
use of such systems suu& investigate not just 
the technical aspects of these, but their survi- 

val rates under village conditions after instal- 
lation. 

Further information on animal-powered gears 
and their applications can be obtained 
through GATE (Germany), GRDRIGRET 
(France) and ENDA (Senegal), Tillers Jnter- 
national (USA) and University of Warwick 
(UK). Addresses of several organizations in 
Africa that have evaluated animal-powered 
devices are provided in the Animal Traction 
Directory: Africa (Starkey, 1988). 

9.10 Forestry and road-building 
One specialized but effective use of animal 
power is for the extraction of timber from 
forests. Even where motorized alternatives are 
available, animal power may be both efficient 
and cost-effective for maving tree trunks from 
felling sites to forest roads. Indeed the use of 
horses and/or mules for logging in parts of 
Scandinavia and the United States (Potter, 
1986) appears to be economically attractive. 
.In some parts of Asia elephants are employed 
for logging (Kerr, 1986) and in several parts 
of Europe horses work in forests (Chivers, 
1988; Vii, 1989). In Latin America techniques 
for using oxen for logging have been discussed 

. 

Fig. 9-39: 
Saddle used for loggins with nudes in Italy. 
A. Load fnrrening strap. B. Wooden frame. 

C. Straw padding. LX Felr pndding. E. Loading strap. 

B 

c 
D 

Source: Spinelli and Baidini, 1987 
: i 
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Forestry and road-building 

Source: afterZammba,l976 

Fig. 9-40: Ilhtstration of the porentiai to use a 
Tmpacultor wheeled tookamier as a lo@g sulky. 

in detail by Rodriguez (1984), Corder0 (1985, 
1986, 1988), Bonilla Morn (1986) and Mata. 
Acuiia (1987): The use of animals for pulling 
logs out of dense forest requires little spe- 
cialized equipment other than comfortable 
harnessing, chains and hooks (Fig. 9-41). 
Simple animal-drawn wheeled “sulkies” can 
be employed to move large logs along tracks, 
and in well-cleared areas they can also be 
used to assist .primary extraction. Sulkies are 
simple bars, frames or cranked axles which are 
supported by two wheels and pulled by means 
of a drawbar (Fig. g-42). Provided they have 
high clearance, wheeled toolcarriers can be 
used as sulkies, although such applications are 
rarely observed (Fig. 9-40). 

Fig 942: Simple formty sulkies for moving large logs wirh oxen in Cost Rica 

hNces:afterh’iillaMw& 1966andMataAcuAa.1987 

Fig. 9-41: Skidding logs with chains. 
+U.ong-chain skidding with a yokdpaik . 

B. Long-chain skidding with a skgie a&n& 
C. Short-ehan skidding with a single an&m! 

In parts of Italy mules are employed to carry 
small logs on their backs using special pack 
saddles (Fig. 9-39). Larger log can be at- 
tached to the saddles and dragged. A well- 
illustrated description of the mule-logging 
techniques currently employed in Italy was 
written by Marquart (1988) and further “details 
were provided by Spinelli and Baldini (1987). 

There has been some very well documented 
work on the use of mules for logging in south- 
ern Africa (Zaremba, 1976). At the Usutu 
Pulp Company in Swaziland a mule and two 
labourers can extract and stack about 160 logs 
(20 tonnes) per day over distances of 80-150 
meties. In this case the logs are quite small 
being 1.5-2.4 metres, with a maximum 
diameter of 45 cm. In Malawi pairs of oxen 
controlled by one person can extract seven 
cubic metres (7 m3) of larger logs a day over 
distances of 100-300 metres, although rates of 
5 ma/day are more common. The animals used 
‘are often crossbreds of Malawi Zebu and 
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Less conventional equipment 

Plato: Paul Starkey 

Fig. 94: Logging with Q pair of rat32 in Malawi. 

larger exotic breeds, such as Fricsian, al- 
though pure indigenous and pure exotic ani- 
mals are also used (Fig. 9-43). Details on the 
employment of oxen for logging in Malawi 
were provided by Cornelius and Broadley 
(1974) and Solberg and Skaar (1987). Trials 
on the use of oxen for lo@ng in northern 
Nigeria were described by Allen (1972). 

Another specialized application of animal 
power is for rural ‘road construction for which 
bovines, equines and camels can be employed. 
Comfortable harnesses are essential and carts 
capable of tipping their loads easily may be 
desirable. In countries with a long tradition of 
animal power use, including those of North 
Africa and Asia, traditional haulage tech- 
niques may have already been adapted to road 
construction. In other countries where those 
involved in planning assume capital-intensive 
machinery is a prerequisite for rural road con- 
struction, justification trials using animal- 
drawn equipment may be necessary. Recent 
trials in this field have been carried out in 
Botswana (McCutcheon, 1985) and Honduras 
(Kliver, 1987). 
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9.11 Further infofrnation 

The technologies covered in this section are 
either unusual or still at research stage. Some 
key references have been cited in context, and 
these may be useful starting points for obtain- 
ing further background details. However to 
obtain a more up-to-date picture, people se.ri- 
ously contemplating work in one of these 
fields are recommended to contact some of 
the organizations or individuals presently 
working on these technologies. Where prac- 
ticable the names of relevant organizations 
have been provided and further sources of in- 
formation and addresses are provided in the 
Appendix and in the GATE Animal Traction 
Directory: Africa (Starkey, 1988). Finally, it is 
sensible to bear in mind that those enthusias- 
tically working in an area of specialization 
may be excellent at providing specific details, 
but they may find it difficult to provide an un- 
biased perspective. Therefore crosschecking 
optimistic impressions given by protagonists 
with the realism and experience of farmers or 
hr;rdened fieldworkers co;lld well be useful. 

_- _-______. -.-_-.-_--___ .---.---_--.--.- -- .--.-.--.-. - 
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i0. DraBassessment and work rates 

10.1 Implement draft 

The resistance an implement provides to for- 
ward movement will determine the draft force 
animals have to apply to achieve the required 
work. Draft forces can be measured with vari- 
ous types of dynamometer which are com- 
monly based on expanding springs, hydraulic 
pistons or loadcells (Figs. 10-1, 10-2, 10-3). ‘lu 
section 5.3 it was mentioned that there is now 
great potential for combiig modem load- 
cells with computers. With such systems draft 
measurements can be recorded in the field 
many times each second, and mean values cal- 
cufated over specific distances or periods of 
time (Lawrence and Pearson, 1985). 

The draft of an implement will be determined 
by many factors related to its specific design, 
including: 

0 

0 

l 

0 

l 

0 

0 

a 

0 

e 

0 

overall weight 
overall shape; 
shape of its components, including the 
sharpness of any cutting elements; , 
angle(s) at which components meet the 
soil or working surface; 
position and angle(s) of attachment of 
traction chain or drawpole; 
material of which the implement and its 
components are made; 
adhesion properties of working surfaces; 
working width; 
working depth; 
friction within any rotating or articulating 
parts; 
elasticity/rigidity of different members. 

As many of these details (e.g. working depth 
and width) can be adjusted, the draft will de- 

pend on particular settings and therefore on 
the operator, The operator may also vary 
working width, depth or augle of work as an 
implement is used, and such on-the-move ad- 
justments through variations in pressure on 
the handles can be subtle or very significant. 

There are also numerous external factors. that 
influence the draft requiiement; of imple- 
ments. These are speciftc to the particular en- 
vironment and the precise conditions under 
which equipment is used. They include: 

l type and composition of the soti 
l soil moisture; 
l previous tillage history; 
a quantity and type of living plants growing 

in the soil; 
l . quantity and type of crop residues and 

trash; 
l presence of roots, stones or stumps; 
l slope of the land. 

The draft of an implement may increase with 
the ipeed at which it is pulled, although at 
normal animal walking speeds, this source of 
variation will be shght. The implemeilt speed 
will itself depend on many factors relating to 
the type and condition of the animals. 

A diagram illustrating how some of the fac- 
tors determining draft are interrelated was 
provided in Chapter 2 (Fig. 2-3) and the inter- 
national unit of force, the ne-wton (N), was 
also explained in Chapter 2. For more techni- 
cal details on the dynamics of soil tillage, 
readers are referred to texts such as thar of 
Kepner, Bainer and Barger (1978), although 
these authors noted that tillage is still far 
from being an exact science. 
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Assessing draft and work rates 

Photo: Paul Starkey 
Fig. 10-I: A hydraulic dynamometer used for meawring chji forces. 

Fig. I@Z:T?te use of a hydraulic dynamometer to 
assess the draft of a Houe Sine plow in specific 

envirvnmental conditions in Sierra Leone. 
Photo: Paul Starkey 

In practice the draft force that animals exert 
to draw an implement constantly changes due 
to numerous interacting variations attribut- 
able to the animals, the operator, the soil and 
the orientation of the implements. Lawrence 
and Pearson (1985) reported that in one ex- 
periment the actual draft . measurements 
ranged from 589 to 2160 N for the same plow 
in the same field in the same two week period 
at the end of a rainy season. If this degree of 
variation can exist in one field within the 
same climatic season, the potential for dif- 
ferences between different soil types and be- 
tween seasons is quite staaering. O’Neill and 
Kemp (1988) gave examples of the great vari- 
ation in draft forces associated with soil con- 
ditions and previous tillage history. In trials in 
India the mean horizontal draft forces of a 
blade harrow (bakhar) pulled by a pair of 
oxen ranged from 239 N in a soil that was dry 
but which had been previously plowed, to 
1227 N in moist soil with many weeds. It 
should be stressed that this fivefold difference 
was in overall ntc~~t draft in nominally 
“steady-state” conditions (the mean was itself 
derived from a whole series of 15second 
means, each one obtained from 450 force 
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hrplement draft 

measments). The range between maximum 
and minimum instantaneous draft forces 
would have been far greater than this. Fur- 
thermore the trials were undertaken under 
what were considered %ormaP’ and repre- 
sentative cultivation conditions, and. so even 
this very wide range does not indicate the ex- 
tremes of draft force that might be recorded 
for such implements under different condi- 
tions in II&L 

It is therefore evident that to &ply s;ate that 
one particular design of mouldboxd plow has 
a draft of (say) 700 N has little meaning by it- 
self. That plow might be used with the depth 
wheel set just above the level of the share (for 
very shallow plowing), in light, moist soil with 
the traction chain attached to the unplowed 
side of the hake. The same implement could 
also be used with the; wt~~i raised for deep 
plowing, in a dry, sunbaked Vertisol (black 
cotton soil) with the traction chain towards 
the furrow. In the first instance the draft 
could be managed by a single donkey, in the 
latter it could be hard-going for a team of six 
oxen. Thus absolute figures relate only to the 
hiiy specific conditions of use at any one 
time. 

If the draft of different implements is to be 
measured, the readings should be obtained 
from comparable settings of the various im- 
plements pulled by the same animals opera- 
ting in the same external conditions. Useful 
com+sons of draft requirements can also be 
made if each implement is used in a number 
of different settings in the same conditions. In 
such circumstances the environmental vari- 
ables are relrr&/y constant. Where possible 
trials should be replicated and randomized 
both to facilitate analysis and to reduce the 
risk of unintentionally linking the perfor- 
mance of one implement or setting with one 
environmental, animal or human variable. 
Not all of the possible sources of variation are 
obvious. For example Pearson et al. (1989) 
provided figures illustrating how much effect 
individual operators can have on the draft of 

Source:Goe,1987 

Fig. 103: Diagram showing how an electtwnic 
loadcell {srmin guage) dynamometer was used to 

join the beams of a mamha ardr to .withm yokes 
during research studies in Ethiopia. 

an implement,‘even one with f&d settings; in 
one particular trial plowing terraces with a 
traditional ard in Nepal, a plow had a mean 
draft of 704N with one plowman, and 492N 
with another, In this case the animals, soil, 
environmental conditions and apparent work- 
ing practices were the same, so that the dif- 
ferenccs in draft could only be ascribed to the 
way the two operators used the plows. One 
plowman preferred the animals to walk faster 
than the other, and it appears that to facilitate 
this he must have consciously or subcon- 
sciously varied the working depth and/or 
orientation of the plow, so reducing its draft. 
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Tabk lal: A sektio~ of assessmen& of force, speed and power *ported in the literature. 
lrrrpariard m&c TltcJe jigrms uem cokkcted w&r diverse envimtmental conditions and encompass very 
di&ent sumhis of accumq p&ion and scientific r&our. l’he hfohptim k provided for illustrative 

puqmses on& and detailed comprisons between the various jkmes without refirettce to the original sources is 
ti advised Some J5ms have bee* nmzlcukted from different units or data forms used in the soumes. 

(W-X = wheeled tookam’er) 

-Q-Y I 
Animals 

Botswana 4oo4iookg 
oxen (team of 
four oxen) 

In-station; 
lose sandy- 
xtm soil, 
fief first rains 

30 an plow 
25cm plow 
Wine cultivator 
roiling cultivator 
FMDU ripper 
CEEMAT tine 

Burkma 4ookg w. Afti- In-station; dry Prototype tine 
FllSO can Zebu (pair) audy-ctay soils cultivator - RR 

Ethiopia 250.32Okg Tarmers’ fields 
Ethiopian fter: 
Zebu oxen lng fallow 
(pair) hort fallow 

Ethiopia 

Ethiopia 

Single oxen: 
Ethiop’n Zebu 
309 kg 
302 kg 
Boran x Zebu 
372 kg 
!-kg 
400 kg Ethiopi- 
an Zebu oxen 
(pair) 

M0rOCCO 27Okg horse In+station; 
46Okg mule eve1 vertisols, 
420kg camel winter rains 

2Ocm plow 795 1.23 978 
923 1.06 978 
569 1.04 591 

270kg horse 2Ocm plow 7% 0.9 711 
harnessed with Morocco ard 636 1.16 738 
175kg donkey WTc, 22cm plov 729 1.13 824 

Jiger 

420kg camel 
harnessed with 
175kg donkey 

140kg donkey 

3OOkg horse 

2Ocm plow 795 
Morocco ard 550 
wm, 22cm plov 657 

In-station; 
ndicative 
igures only 

Loading sledge 220 
Braking device 400 
Loading sledge 700 
Braking device 3700 

1.04 
0.92 
0.92 

1.1 
1.0 
1.3 
1.5 

827 
5% 
604 -- 
240 
400 
910 

5600 -- I 

bnditions 

Tarmers’ fields.. 
Writion levels: 
llotmal 
Jnderfed 

gormal 
Jnderfed 

Zxperimental 
‘tation 

hnplement 

Maresha ard 
plow 

Maresha ard 
plow depth: 
13.9cm 
13&m 

14&m 
14.6cm 

Loading cart 

Force 
09 

2318 
1776 
1220 
852 

2039 
962 

800 

Speer 
(m s-t 

1.08 
1.02 
1.17 
1.31 
0.75 
1.12 

‘Power 
m 

2498 
1802 
1417 
Xl86 
1533 
1086 

0.8 640 

1195 
928 

0.35 
0.55 

424 
510 

590 0.5 
0.5 

300 
310 

0.5 
0.5 

330 
360 

422 0.6 220 
775 0.5 380 

1060 0.4 400 
1373 0.3 360 

Reference 

Bordet, 
1987; 

AFRC- 
Engineering, 

1987 

Le Thiec and 
Bordet, 1988 

Goe, 1987 

Abiye 
Astatke, 

Reed 
and 

Butter-worth, 
1986 

Kebede and 
Pathak, 1987 

Bansal, 
El Gharras, 

and 
Hamilton 

1989 

Betker and 
Klaij, 1981! 
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Implement draft 

I I 
hmhy Speed Power 

I I 
Reference 

(m 6-l) (VV) 

Zosta Rica 

- 
:hiia 

1131 0.59 
634 059 
214 1.0 

650 0.7 
420 0.9 

550 0.73 

670 
368 
211 

550 
378 

380 

500 0.76 

600 0.64 

700 0.77 
1200 0.53 
1500 0.49 
1950 nil 

700 0.79 
1200 0.65 
1500 0.51 
1950 0.57 

402 

373 

530 
604 
709 
nil 

552 
746 
880 

1100 

840 0.96 798 
840 0.71 589 

2830 0.28 
2820 0.33 

623 0.75 
650 0.84 

790 
900 

450 
540 

704 0.33 232 
492 0.49 241 

300 1.0 300 
336 1.0 336 

1480 0.27 400 
1480 0.40 592 
1480 0.45 666 

Lawrence, 
1989 

Feng Yang- 
lian, 1984 . ..- - 
Rau taray, 

1987 
On-station; l&m plow 
heavy black soits 9Qcm disc 

53Okg 
Malvi oxen 
CW) 

740kg 
Red Dane/ 
Sahiwal 
crossbred 
we0 (pair) -.. 
43Skg (mean) 
oxen (pairs) 

ndia 

harrow 
45 cm blade 
harrow 
WX with: 
15cm plow 
2Scm plow 
~2 x 15cm plows 
2 x 25cm plows 
~3Vt-c with: 
15cm plow 
~2Scm plow 
‘2 x 15cm plows 
12 x 2Scm plows 

ndia 

ndia Oxen’@&), On-station I Load sledge 
(weight not 
stated) 

Single ox 
(weight not 
stated) 

I 
qepal 2SOkg oxen 

(pai0 
Hill terraces, Ard plow 
after main rains; (traditional) 
Plowman K 
Plowman R - 

Qpll 
28Oig buffaloes roads and farm 380kg load 
r;go;xen Itrough LWzrts 

I%ailand Buffalo 
(nos and 
weights nat 
stated) 

In-station 340kg sledge 
pulled with: 
single yoke 
callar 
breast band 

Premi 
and Singh, 

1987 

Ayre, 1981 
after 

Swamy-Rao, 
1%4 

-- 
Pearson, 

Lawrence 
and Ghimire, 

1989 

Pearson, 
1989 

Garner, 
1957 
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Assessina draft and work rates 

Photo: AFRC-Engineering archives 

Fig. lo?: Use ofAFRC-Engineering computer-based data-logger during trials in Ethiopia 

In most other cases the different effects of im- 
plement and environment on the draft meas- 
urements are very difficult to distinguish. For 
this reason Lawrence and Pearson (1985) cau- 
tioned against ascribing “typical” values to 
draft forces unless the numerous environmen- 
tal variables had been rigidly defined. 

Table 10-l provides some examples of imple- 
ment <force, speed and power found in the lit- 
erature. From the foregoing discussion it 
should be clear that these should be con- 
sidered as “illustrative” figures and, since they 
are cited here away from their original con- 
text, they should be viewed with great caution. 
The data presented were collected in diverse 
environmental conditions, over various peri- 
ods of time, with very different levels of preci- 
sion and statistical analysis (if any). Some of 
the data refer to short-term tests in which ani- 
mals were expected to work very hard, while 
others are derived from average figures over 
warking periods in excess of five hours. For 
these reasons it would be most unwise to 
make specific comparisons between the differ- 
ent sources. It is more acceptable to make 

general and superficial comparisons between 
the different variables that were assessed by 
the same source, for example the effects of 
different implements, animals, harnesses, 
management systems and people. However it 
must again be stressed that these figures have 
been extracted from their original context in 
which the experimental designs or levels of 
statistical significance (if any) were explained 
and so readers are strongly urged to refer to 
the original publications before quoting such 
figures or drawing any conclusions. 

10.2 Working rates 

It was noted in Chapttir 2 that work is a pro- 
duct of the force applied (approximately equi- 
valent to implement draft) and the distance 
moved. The rate of work (power output) de- 
pends on the quantity of work (draft x dis- 
tance) and the time in which this is achieved, 
which is determined by the average speed at 
which the animals move. Some of the numer- 
ous factors that interact and influence work- 
ing rate were illustrated in Fig. 2-3. 
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Working fates 

Implement draft force depends on many 
things (briefly discussed in the previous sec- 
tian) including implement size, shape, weight, 
width of work, depth of setting; soil type, 
moisture content, tillage history; vegetation 
quantity and quality; environmental obstacles, 
stones, stumps and roots; land slope. 

The distance and speed moved depends great- 
ly on the characteristics of the animals used: 
their specieb (different, species have charac- 
teristic walking rates), their weight, siti, 
strength, condition and their standard of 
training. The power output of an animal may 
be influenced by its past history (nutrition, 
disease, body condition, training, recent work 
experience) and its immediate environment 
(temperature, relative humidity, sunshine, 
ground surface). Different species and individ- 
uals may react to the environment in diverse 
ways. Some animals are better able (or will- 
ing) to withstand disease challenges or envi- 
ronmental extremes such as high air tempera- 
tures, bright sunshine or deep mud than 

others. Humped cattle (Bos indicus), with very 
effective temperature regulation systems, are 
often able to work longer in hot conditions 
than humpless cattle (Bos taurus). Water btif- 
faloes have relatively inefficient temperature 
regulation systems so that “over-heating” dur- 
ing prolonged heavy work is a problem, one 
traditionally solved when animals are allowed 
to wallow in water (Bakrie, Murray, Hogan 
and Kennedy, 1987; Pietersen and Ffoulkes, 
1988; Pearson, 1989). 

FaTmers and research scientists have frequent- 
ly observed tremendous differences in the ap- 
parent working abilities of animals of the 
same size and same species carrying out the 
same operation under similar conditions. (To 
put this in perspective: the animals might well 
draw the same conclusion about humans!). 
Some hiurals may rush and tire, some may be 
“slow starters” reaching peak work late in the 
day, and others seem to plod at the same rate 
whatever the time of day or. environmental 
conditions. While farmers (and researchers) 

Fig, 1 O-5: Diagram illustrating AFRC-Engineering computer-based data-logger system 

Hmw ’ COndIll- 
box oning RS 232 +N h I unit 

I r ~;------,---~-- --IFI 1-y-l 

,‘... --.,.-., 

I i Source: O’Neill et al.. 1967 
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Assessing drift and work rates --. 

Fig. 10-6: 
Measuring draft 

and work output 
in Nepal using a 

CTVM ergometer. 
The wheel trailed 

by the ard plow 
measured distance 

travelled Wires 
from the loadcell 
and body sensors 

pawed to a micro- 
processor (carried 

in a traditional 
head-barket in 

this case). Among 
other things, this 
study highlighted 

how different 
plowmen afiected 

draji, speed and 
work rates. 

Photo: 
Anne Pearson 

may well describe such animal work charac- 
teristics with varying degrees of admiration, 
contempt and colourful language, there are 
few objective ways of assessing differences in 
temperaments and mood. Such differences be- 
tween working animals may be the result of 
complex physiological and/or psychological in- 
teractions between the animal and its environ- 
ment over many years, including influences of 
previous training, disease, nutrition, work his- 
tory and human company. 

An interesting example of the influence of 
animal psychology on work rates is the obser- 
vation that animals.‘walk faster and have a 
higher work output when they arc vialking in 
the general direction of their “home” than 
when they are walking away from it; thus irre- 
spectivc of field orientation and slope, plow- 
ing may well involve alternate “slow’~ furrows 
as the animals face away from the farm, and 
“fast” furrows as they move towards it, Pear- 
son (1989) reported a similar effect during 
long-distance carting trials in Nepal when all 
animals slowed down before, and speeded-up 
after, the .turning that marked the most dis- 
tant part of the five-hour, 16 km route. Such 

behavioural patterns can either be reinforced 
or counteracted by the operator, depending 
on human temperament or prevailing mood. 
Some animals, including some N’Dama oxen, 
seem to be able to set their own very clear 
working limit. After this apparent limit has 
been reached it has been observed that 
neither coaxing and persuasion nor shouting 
and beating seem to stimulate significant ad- 
ditional work (Starkey, 1981). Other animals, 
notably long-suffering donkeys, seem to be 
able to carry on working even when clearly ex- 
hausted, an attribute all-too-frequently ex- 
ploited by humans. 

The effect of acute forms of disease is ob- 
vious: an animal that is sick is unlikely to 
wo.ek well, and farmers know that working an 
animal that is unwell may exacerbate the ill- 
ness. Milder or sub-clinical conditions that 
are not apparent from visual inspection, may 
also have a significant effect on work rates, 
An example of such a case was provided by 
Pearson (1989) who found that two apparent- 
ly similar and healthy pairs of buffaloes in 
Nepal had different work performances. On 
investigation it transpired that the animals 

1-1. --------._____~ -----__--._-_.-_.-__l-.-- --- 
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that were less nbie to work, and which event- 
ually had to be laid-& for some days of rest, 
were auacmk Thee were no visible dise3se 
spspaoms, but there was appzuently some 
parasite (perhaps liver fluke) or couditioa 
that was causing anaemia and reducing work 
potential. In Africa, working mimals mily be 
chaIIenged by n~rous intestinal and blood 
paysit- including (in some areas) trypano- 
somrasis and tick-borne diseases. L&e re- 
liable data exists on the occurrence of sub- 
&nical diseases in working &ucm& nor on 
the e&z these may have on work, but it 
seems reasonable to assume that such condi- 
tions may INN= a significant influen~ on the 
ability at wiilhgness of individual animals to 
maintain a particular rate of work. 

Human skills play a major role in establishing 
the rate at which work is achieved, by deter- 
mining the effective &aft of the implement, 
and by greatly i&en&g the walking speed 
of the mimals and the number and length of 
rests aud stoppages. As was mentioned in the 
previous section, Pearson d rrl (19S) found 
that during trials involving the plowing of ter- 
races with tradi*Gomt! ards in Nepa& different 
plowmen tended to work the same animals at 
different speeds even when the environmen!al 
corn&ions were identical. Human practices 
may ran;:r; from lhe single hrmer effectively 
using oniy voice commands to encourage ani- 
mals to vmlk at a brisk speed or pull (L heavy 
lo& to the violence anti intimidation evident 
when up to four people attempt to beat aui- 
m3ls into w9rkiug f3ster. 

Changing the working depth or width of an 
implement can have both simple and complex 
effects on work rates. Increases iu working 
depllr increase implement draft, 3nd this 
causes animals to slow down and tire more 
quickly. This slows the over311 speed of oper- 
ation (3nd also changes the quu&y of work). 
Changes in :he working width of 3n imple- 
ment are more complex since they can affect 
working rates in two different and opposite 
ways. Increasing the working width means that 

fewer passes 3rc needed to cover each square 
metre or hectare of land; thus at consrunt 

*qed increasing the working width also in- 
CW.W the rate of work. However as the effec- 
tive width. of an implement increases, so does 
its draft, and this may cause animals to slow 
down, particuhtrly if the work is already quite 
bard. In extreme cticumstances increasing the 
working width may cause work to stop al- 
together 3s ~3nimals become unable or unwill- 
iug to pull the implement further. Clearly in 
auy one location, the optimal working width 
to maximixe work output will change with dif- 
ferent environmental conditions and the 
status of the animals. 

While there is a positive correlation between 
the number of animals employed and the rate 
of work, the relationship is not always simple. 
As was noted in Chapter 2, at very low imple- 
ment drafts, a single animal can work at the 
same rate as a team, simp\y by pulling the im- 
plement at normal speed. in such circumstan- 
ces doubling or quadmpling the number of 
3nimal.s will make no significant difference to 
working rate, at least for the first few hours. 
However at higher implement draft, the single 
animal will slow down, while a team wili be 
able to walk at nomrrl speed and so work at a 
faster rate. If one pair can cope with a draft at 
normal walking speed, coupling an extra team 
will have no effect in the short term. However 
an extra team should allow an Implement with 
even higher draft to be pulled at normal walk- 
ing speed. The use of more animals per impie- 
ment should allow working speeds to be 
maintained for longer periods each day or 
each week. Multiple hitching was discussed in 
C’lapter 3 (section 3.6), where it w3s pointed 
o it that in small fields two teams of two may 
*d more efficient than one team of four, due 
to the grcpter manoeuvrability of small teams. 

A !arge 6umber of other factors may also af- 
fect working rates, including the way in which 
animals are harnessed, the field shape, con- 
tours and obstacles, the weather, the time of 
day and the way in which these influence the 
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prevailing moods of the pcop’le and the ani- 
mals. In priicticc the work rate at any particu- 
lar time and place wiIl depend on a unique set 
of wuiables. This clearly makes comparisons 
of rates for different ,operations, implements, 
atrim& so& seasons or locations very 
problematic, 

A further problem of comparing work rates is 
the variable interpretation of what actually 
constitutes work time. The rate at which an 
operation is actually being performed WI bc 
calculated quite easily if animals are timed, 
and output assessed {e.g. area covered = dis- 
tance x working width). Such “actual working 
time” calcuiations have the advantage of ig- 
noring time lost by apparently spurious loci 
factors (such as negotiating obstacles, untang- 
ling caught traces or even major implement 
breakages). Nevertheless figures which ignore 

such wasted time are very unrealistic, since 
numerous “spurious” factors do occur, and do 
affect the work of a farmer. Realistic work 
times should include the idle times due to 
clogging, resetting and breakages. They should 
also include the hcidenfal times of end of row 
ttuning, which are affected by many fac.tors in- 
cluding the manoeuvrability of the implement, 
the shape of the plot and the number and 
proficiency of animals and people. 

On-field rest times for people and animals can 
also bc considered a component of realistic 
work rates; the uumber and length of rests 
may directly influence the rate at which work 
is carried out berween rests. Data have been 
collected that support the idea that short 
rests, perhaps of only a few seconds such as 
those at the end of a row, are actually crucial 
in allowing animals to work steadily and keep 
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l%olo: Paul Starkey 

Fig. I&E Rototype intermediate tooZj?ame that was 
dev&ped Jo maize cultivation in The Gambia. 
while qua&y of work appeared good, factors aflcting 
work mtes (in common to the aiternah’ve, 
&htenveight, sim$cr Hour Sine toolbar) included: 
wide twking width Ifaster); heavy drafi (slower 
speed, mosy n?sts); low manoeuwability and heavier 
weight (slowefi ibnger time at tums, longer tranqwrt 
time from villa@ to jie!d); more complicated 
at&bnents (slow, ki2nger set-up time). In general 
the de.@ was considered by farmem CLS “too heavy’@ 
and it did not deveh2p part the stage of 
multi-locaricnol on-fmm testing. 

their metabolic processes below stress levels 
(Kemp, 1989). Pearson (1989) noted that al- 
though buffaloes and cattle could walk at the 
same rate when carting over distances of 
16 km, with loads of 500 kg, buffaloes had to 
rest and wallow every few hours to bring down 
their body temperature, which could rise mar- 
kedly during work. Since the cattle did not 
need to rest during the work, their effective 
work rate was higher, and they were to be 
preferred in cases where time was of the es- 
sence. During trials in Costa Rica it was 
found that oxen performing “heavy work” 
(plowing with IlOON draft) only worked 77% 
of the “working time”, while they worked 90% 
of the time when performing medium work 
(mowing with 6OON (draft) and 96% of the 
time when undertaking light work (carting 
with 214N draft), (Lawrence, 1989). 

The time required for preparation, including 
the harnessing of animals and the setting-up 
and adjusting of equipment may also be con- 
sidered part of the actual work. This is par- 
ticularly important if the work rates of simple 
and complicated implements or harnessing 
systems are being compared, for time-savings 
on the field may require longer preparation 
times, and thus lower overall savings in time. 
Low adoption by farmers of three-pad har- 
nesses for cattle, wheeled toolcarriers or pre- 
cision seeders may be partially explained by 
longer preparation times. Finally it may be 
appropriate to include travelZing time as part 
of the work. Naturally this will depend largely 
on the distance between farmers’ homes or 
animal enclosure, and their fields as well as 
the nature of the path and terrain. However it 
will, also be related to the ease of transport of 
the implement, and the nature and training of 
the team. The importance of travelling time 
may become particularly apparent when light- 
weight and heavy implements are compared in 
areas where field paths are narrow, 

Agricultural engineers sometimes use the con- 
cept offierd efficiency to compare different im- 
plements and working practices. Field effi- 
ciency is calculated as actual rate of work 
(also known as efictive fZeld capaciw) as a 
proportion of theoretical rate of work (or the- 
oretical field capacity). The theoretical rate 
assumes non-stop work, with no time at all 
lost in turns, rests or adjustments. The idea of 
geld efficiency can be useful for comparing 
two implements, harnesses or working prac- 
tices operating in identical conditions, for it 
highlights the importance of “time losses”, 
that occur during manoeuvring or clogging. 
However while a theoretical, constant work- 
speed over several hours is not beyond belief 
for tractors that never tire, a similar concept 
for working animals begins to become absurd. 
Since the work rates of animals are so con- 
text-specific and the interpretation of “work 
time” so variable, field efficiency figures relat- 
ing to draft animals can only be realistically 
compared if they derive from the same source. 
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It is apparent that realistic assessment of 
working rates requires information based on 
actual farmer experience, and this may he ob- 
tained with the help of enumerators, or sim- 
ply by asking the farmers. In a detailed study 
in the Ethiopian highlands Goe (1987) cross- 
checked work actually timed by enymerators 
with estimates made by farmers who did not 
own watches. Farmers’ estimates were geoer- 
ally slightly greater than tlie chronological 
racords, but were within the standard ‘d&a- 
tion of the recorded times. 

Having recorded the area worked and the 
overall time taken, one can obtain a figure for 
the work rate in terms of area per unit of time 
(e.g. square metres per hour), or in time per 
unit of area (e.g. hours per hectare). However 
a further complication is that farmers and ani- 
mals may only be prepared to work a limited 
number of hours per day, and days per week. 
Thus an effective rate of 24 hours per hectare 
does not mean that one hectare could be cul- 
tivated in three 8-hour working days. In one 
farm survey, Ethiopian farmers Oitt7 plowed 
for 7 hours a day, but they did not work with 
their animals for more than three corrsecutive 
days or more than four days a week (Goe, 
1987). Elsewhere farmers may only work their 
animals three to four hours a day, with a day 
(or two) off every third or fourth day. Under 
such regimes, 24 hours of work might well 
take up to two weeks to complete. This has 
particular implications for operations in 
which timeliness is crucial. For example, 
where manual labour is readily available, 
operations using hand implements may’ well 
be completed earlier than if animal-powered 
equipment is used, even though the animal- 
powered work rate is much faster than the 
manual rate. Another factor to consicler :.. 
that work rates seldom specify the quality of 

. work achieved, although this is vital in assess- 
ing the comparative advantages and disad- 
vantages of equipment and techniques. 

It should be apparent that working rates 
determined entirely on research stations are 

Photo: J. Rauch 

Fig. 10-8: Adjusting a local& made wheeled 
icwlcarrier in Zambia Adjwtyent and repair times 

are an integral part of normal work, nnd these 
should not simply be ignored, during research rrialr. 

likely to be very different from those achieved 
by farmers. The effects of preparation, travel- 
ling and +turning times are proportionately 
greater in small fields and small farms than 
they are when large areas can be worked at 
one time. Whether or not a farmer eventually 
selects a particular piece of equipment will 
depend not on optimal figures but on the 
working rates achieved in reality. This may ex- 
plain why some useful equipment, apparently 
capable of improved work-rates, has been re- 
jected by farmers. , 

One useful application of information on 
work rates is for preselecting equipment types 
for possible farmer evaluation. By comparing 
the working rates of different designs with 
each other, or with manual a!ternatives, an 
early impression may be gained as to whether 
nn implement is likely to be cost-effective. In 
sssessing published figures, it is essential to 
understand that they will have been obtained 
in unique circumstance:, iiz.3 1; is Itipuriani 
to clarify in one’s mind the prevailing condi- 
tions (animals, soils, people, equipment, etc.). 
It is also crucial to be aware of wbat particu- 
lar definition of work rate was being applied, 
with what degree of accuracy it was being 
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Photo: Peter Lawrence 
J’ig. 1 O-9: ibieasuring the force, distance, and work output of ayen during trial3 in Costa Rica 

measured and over what period of time. In 
Table 10-2’ some examples of work rates cx- 
tracted from a range of publications are 
presented. The figures cited differ greatly in 
the circumstances under which they were ob- 
tained, tbe defiition of “work time?‘, tbe pre- 
cision of measurement and the degree of re- 
plication, randomization and statistical ana- 
lysis (if any). Thus the table 3s a single entity 
should be treated with great caution. While 
figures from the same source may be broadly 
comparable, it would not bc wise to compare 
data from different sources without referring 
to the original publications for comprehensive 

) details of the location, duration and condi- 
tions of the trials. 

In conclusion, the concept of agricultural 
“work rates” should, as far as possible, refer 
to the combined actions of the whole working 
team (human-implement-animal), Although 
specific research studies may require concen- 
tration on individual elements and short-term 
measures of components, these should be in- 
terpreted from a farmer’s perspective. Farmers’ 
work rates have to be appropriate to their 
specific farming systems, including their ani- 
mals, field conditions, cropping patterns, 

economic and labour resources and their so- 
cial aspirations. Wben undertaking 3 field 
operation a farmer usually bas to walk at the 
same speed and for the same distance 3s the 
animals, and there may be occasions when 3 

long but easy walk is preferable to 3 slow, 
bard slog; the need of animals for specific 
rests may coincide with similar desires in far- 
mers. For some farmers in certain situations 
speed of operation and timeliness is crucial, 
and rapid operations can greatly affect final 
harvest. In other circumstances factors such as 
operator convenience and even outward “ap- 
pearances” may be more important to the 
farmer. Even where speed is critical for the 
farmer, it is likely that the overall rate of work 
that can be achieved per day, per week, per 
season, per animal or per field will IX more 
important than apparent “hourly rates“. 

10.3 “Light” and “heavy” work 

Farmers and research workers are well aware 
of the obvious differences between work that 
is “light” or “heavy” but while such terms can 
be useful descriptors, there is a risk if these 
terms are used to oversimplify situations that 
are actually very complex. In particular there 

- 
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are potential dangers if simple assessments of 
draft force or shorttterm power output are 
used to estimate whether the actual work that 
animals perform in, a day is “light” or “heavy”. 
Some people have attempted to estimate 
work output and energy expenditure <from 
d&t force ,figures alone, and for simplicity 
have assumed, constant speed irrespective of 
draft and time. More commonly power output 
has been assessed by multiplying walking 
speed and draft force, with work being com- 
puted as a product of power and time. Such 
calculations alone may not give a true $icture 
if they do not take account of significant vari- 
ations in animal speed, rest periods and the 
distance that the animals move. 

It has for many .years been generally assumed 
that animals pulling heavy loads inevitably use 
more energy in a day than those pulling light 
loads, and this had led to detailed recommen- 
dations as to different levels of daily nutrition 
required for “light work” and “heavy work” 
(CEEMAT, 1971; CEEMAT/FAO, 1972; 
Reh, 1982). However in trials in Costa Rica it 
~11s found that, during the course of a 5.5 
hour working day, animals performing light 
(carting with 2OON draft), medium (mowing 
with 600N draft) and heavy (plowing with 
WON draft) operations actually used very 
similar amounts of energy, as calculated from 
work done, distance travelled and height as- 
cended while working (Lawrence, 1989). This 
rather surprising result was explained as fol- 
lows. Although the animals “working hard” 
were pulling a draft fl\le tbtes greater than 
when they had light work, they walked more 
slowly, at only 0.6 m s-l, compared with 
1.0 m s-l when they pulled a light load. As a 
result their mean power output during actual 
“heavy” work was ~Itwe filltes (not five times) 
that of the light work. Oxen took more rests 
while working hard and only actually worked 
77% of the time, compared with 96% of the 
time when perfarming light work. Further- 
more the animals performing heavy work 
walked 8.9 km during the 5.5 hour working 
day, while those undertaking light work 

walked 19 km. The energy required for this 
walking was very significant: .at the end of +he 
standard working period the oxen that had 
pulled little but walked far, had often used up 
more energy than those that had worked hard 
eve! a shorter distance. Consequently, in this 
instance, the animals that had undertaken 
“light” work would, have required at least as 
much food as those doing “heavy” work just 
to replace the encxgy used (Lawrence, 1989). 

The energy the animal uses in walking has not 
p,enerally been included in comparisons of 
work output for farm operations and would 
not be apparent from standard measurements 
of power output. Nevertheless it is clearly im- 
portant, since it has a signi&& effect on the 
nutritional requirements CC an animal, per- 
haps accounting for about ,me third of all en- 
ergy expenditure during medium plowing and 
two thirds during carting along roads (Law- 
rence, 1985). In very muddy conditions, an 
even greater proportion of animal energy may 
be used simply in walking, for the energy cost 
of walking in 300 mm of mud may be almost 
double that in normal conditions (Lawrence, 
W87). 

As a result of their research in Costa Rica, 
Nepal and at CTVM, Lawrence and Pearson 
(1990) argued that actual work output of ani- 
mals is limited by the overall rate at which 
animals are able, or willing, to expend energy 
for all purposes; that is not only for tractive 
pulling but also for walking, carrying and as- 
cending slopes. According to Lawrence and 
Pearson, the energy that an ox can expend ,in 
a given periad is dependent on its weight and 
the duration of work and ranges from 0.9 MJ 
per 100 kg bodyweight per hour for a 800 kg 
animal working eight hours to 1.7 MJ per 
1.00 kg bodyweight per hour for a 200 kg ani- 
mal working only one hour. These authors 
provided a table that allows such estimated 
energy ‘availability to be read-off easily. They 
also provided an equation that could make 
use of this “energy availability” information to 
predict the distance an ox could reasonably be 
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expected to walk in a given time (and there- 
fore the work it could perform), assuming the 
“average” draft force was known. The equa- 
tionswas: ~ 

3OOE 
d=F+0.6M 

where rl = distance travelled, (km), E = en- 
ergy available for work ’ (MJ), F = average 
draft force (N) and M = weight of the ox (kg), 

The authors note that when using such au 
equation, many variables have to be assumed 
to *m constant, and that should the ccindition 
of the ailimal(s) or environment be less than 
ideal, predictions can be out by over 40%. 
Lawrence and Pearson readily admit that 
while their equation may be one of the most 
accurate means that scientisti have at present 
for predicting work output, an qxperienced 
farmer might well be more accurate at assess- 
ing actual work, not in megajoules, but in far- 
mers’ own terms (“That pair of animals could 
plow that field in these conditions in three 
and a half hours”), 

The whole subject of draft animals, their en- 
ergy utilization, working abilities and nutri- 
tional requirements is due to be covered in 
another book in this series, and so will not be 
discussed here. It is accepted that it is rather 
unsatisfactory to consider the different aspects 
of animal-implement combinations in separ- 
ate volumes, particularly as an integrated ap- 
proach to animal-implement-farmer combina- 
tions is being encouraged. However the separ- 
ation of “animals” and “implements” has 
allowed the individual volumes in this series 
to be more manageable in size, and it is to be 
hoped that the books will be used together. In 
the context of the’present discussion then the 
conclusion is simply that it can be dangerous 
to conwntrate on work rates expressed only 
in terms of the implement interacting with the 
environment, for this may neglect essential in- 
formation about the animals themselves, the 
total work they are doing and what they can 
realistically achieve in a given period of time, 

10.4 “Average” power and 
“reasonable” work rates 

, 

Hopfen (1960, 1969) provided tables entitled 
“Normal draught power of various animals” 
and “Draught requirements of some farm im- 
plements for operations on medium loam 
soils”. These figures have subsequently been 
quoted in other publications, although the 
weights of the animals (500~9OOkg for oxen 
and 40&7OOkg for “light” horses) are dilferent 

. from those commonly found in the tropics. A 
summti of the research trial results of Scher- 
rer (1966) in Madagascar and West Africa 
were quoted in CEEMAT (1968, 1971); the 
CEEMAT publication was translated and 

,published by FAO (GEEMAT/FAO, 1972); 
the results have since been widely quoted and 
considered authoritative, with expressions 
such as “according to FAO” being used to in- 
troduce the figures. Goe and McDowell 
(1980) provided a table with estimates of the 
draft capacity of different species drawing 
“implements” at high or low speeds’ based on 
figures obtained from a wide literature review. 

General tables, such as those mentioned 
above, have been useful at giving people 
“order of magnitude” estimates of working ca- 
pacities. Nevertheless from the foregoing sec- 
tions and chapters, it should be clear that 
local animals, implements, environments and 
people vary immensely. Thus concepts of 
“average draft” or “reasonable work rates” 
have little meaning in a book such as this. 
What is “reasonable” in the farming systems 
of one country or area’ might be totally unre- 
alistic in another location. Thus no prescrip 
tive or suggested rates will be presented here, 
and the “illustrations” of the locally obtained 
results that have been presented in Tables lo- 
1 and 10-2 should be treated with appropriate 
caution, Anyone in need of more specific 
figures might be best advised to consult local 
sources of information (farmers or re- 
searchers) or those in neighbouring countries 
(making sure the specific conditions to which 
any ligures refer are clearly understood). Fur- 
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Photo: Bob Munro 
Fig. IO-IO: LhJalo wuiking in mrcd during mperimntal trials at CTKM, Edinburgtl, on the effects of 

cnvironrnenral conditions on tlraf’ animnl power. The mask (modified bucket) over the mouth allows spired air 
lo be pumped away and analy.sed. ‘Ihis allows oxygen consumption and carbon dioxide production IO be 

measured, SO rht rlre energy used during walking and workiq can be calcrrlared. 

ther sources of more detailed information are 
mentioned below. 

“Reasonable” animal draft has sometimes 
been expressed as “sustainable” or “maxi- 
mum” draft force as a proportion of body 
weight. This overcomes the problem of widely 
differing weights of animals and draft loads. 
Thus Hopfen considered normal pulling 
power to be one tenth (10%) of body weight 
for mosl animals, and 15% for horses. CEE- 
MAT (1971) and CEEMAT/FAO (1072) re- 
ported that oxen could bc cxpcctcd to pro- 
duce an avcrag,: effort of one tenth of body 
weight on rough ground and 1/8th (12.5%) of 
body weight when plowing well-worked 
ground. CEEMAT estimated the sustainable 
force of donkeys to bc 17-250/o of body weight. 
CEEMAT (1971.) and CEEMAT/FAT) (1972) 
also suggcstcd thcrc would bc a loss of 7.5f~ 
draft force per animal as a result of multiple 

*hitching. 

Watson (1983) put forward rccommcndations 
in line with those of CEEMAT!FAO, of 12% 
-- .__I..__. --.- ..__ --- .-.,.. - .._ -_..-- .-.- . ..-” _-_.._- -..- . 
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for oxen and 20% for donkeys, less 7.5% per 
animal if multiple hitching was used. Reh 
(1982) quoted the CEEMAT/FAO figures but 
provided a table suggesting significantly lower 
sustained traction capacities, equivalent to 41’66 
of body weight for oxen and horses and 160/:, 
of body weight for donkeys, with losses of lo- 
28% per animal attributable to multiple 
hitching. Goe and McDowell put the general 
figure at lo-14% of body weight for most ani- 
mals walking at between 0.66 and 1.1 m s-l, 
with more specific guidclincs cquivalcnt to 
10-120/o body weight for horses, lo-14% for 
oxen, buffaloes and camels and lo-16% for 
donkeys. These authors also acccptcd the 
CEEMAT figure of 7.5% reduction per nni- 
mal as a result of ,nultiplc hitching. 

Pathak (1984) considered that the earlier csti- 
mates of S-20% of ox body weight of Vaugh 
(1945) had been too optimistic. Pathak ad- 
vised that draft cxcceding &lo’% of ox body 
weight might put an cxcessivc strain on the 
animals if it were sustained for several hours. 
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Subsequently, Kebede and Pathak (1987) re- 
ported endurance trials in which Ethiopian 

I Zebu ,oxen had to pull draft loads of 596, 
lo%, 15% and ‘20% of body weight for six 
liours per day for &e days. Power and work 
output were higher at 10% and. 15% than at 
20% but Kebede and Pathak concluded that 
the animals were indeed capable of pulling 
20% of their body weight on a sustained basis, 
Other figures from Ethiopia suggest that nor- 
mal plowing (carried on for up to..four days 
per week) involved pulling a draB of 1743% 
of body weight for six hours per day, (Got, 
1987). Following a programme measuring til- 
lage operations in ‘India, Kemp (1987) sug- 
gested that “rule of thumb” approximations of 
10% of body weight beiig applied for tillage 
tended to overestimate normal workloads ac- 
tually being applied on a sustained basis. 

For illustrative purposes, -some examples of 
draft forces expressed as a percentage of ani- 
mal or team body weight have been cited in 
Table 10-2. Some of these were calculated by 
the authors, .but many were computed from 
‘overall mean figures contained in the publica- 
tions. Research reports based on measure- 
ments over several hours have reported sus- 
tained work output when draft loads of 525% 
of body weight were apparently applied. 
When measurements were of shorter dura- 
tion, percentage draft load appears to have 
been between 10 and 40% of animal body 
weight. No recommended values will be given 
here, smce to state that an animal of a par- 
ticular species or breed is capable of pulling a 
force of lo-15% of its body weight, still begs 
too much information on how that force is as- 
sessed and on hourly, daily or weekly working 
regimes. 

Designers of implements and harnesses have 
to be aware not only of. the normal working 
forces that animals apply to implements, but 
also of the high instantaneous forces that can 
occur in animal-implement combinations, 
Severe shock loads, that can be 5-10 times 
greater (and even more) than-normal ‘<steady 

state” draft, can occur when a moving imple- 
ment suddenly hits a rock or stump., Apimals 
that are startled, or which panic, may sud- 
denly exert strong forces in unusual, unfore- 
seen directions. Such shock loads can bend 
weak implements, break unsound harnesses or 
damage t-he animal(s) themselves. Designers 
have to allow sign&ant safety margins of 
stren@h if implements and harnesses are to 
withstand shock loads. Instantaneous forces 
equivalent to at least 100% of animal or team 
body ‘weight. for oxen may be allowed for; even 
more if implements are pulled by horses. 

10.5 High technology or simple 
assessment 

Before microchips opened up the vast poten- 
tial of data logging, much research on draft 
forces was based an readings from spring or 
hydraulic dynamometers. One of the more 
comprehensive studies was carried out in the 
1960s in several countries in Africa by CEE- 
MAT (Scherrer, 1966) and summarized in 
CEEMAT, 1971 and CEEMAT/FAO, 1972. 
Data from studies in many parts of the world 
were quoted and discussed by Goe and McDo- 
well, i980, who also provided some guide 
figures on the draft capabilities of different 
working animals. 

It is interesting that technological progress in 
instrumentation does not appear to have in- 
validated these earlier studies, and it must be 
stressed that useful research can still be car- 
ried out using similar techniques. With all the 
sources of variation discussed in previous sec- 
tions, it should be clear that in most circum- 
stances the interpretorion of data is more im- 
portant than the “accuracy’ of its measure- 
ment. There have bezn many cases where te- 
searchers developing implements have re- 
corded very precisely the draft of an imple- 
ment during on-station trials, only to find that 
the farmers subsequently rejected that imple- 
ment as being “too heavy”. In such cases many 
months of work might have been saved if the 
researchers had decided to put aside the dyna- 
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Photo: Bob Munro 
Fig. 1611: Derail of the ergometer used for dra@ animal research at CTVM, Edinburgh. Work load can be 

varied through the fiction ,wheels that run round the inner wall, and distnnce is recorded by the bicycle wheel. 

mometer and simply ask some local farmers 
to test the prototype with their own animals 
and on their own farms and give their “im- 
pressions” of whether the draft was likely to 
be acceptable or excessive. This should not be 
taken to imply that there is never any value in 
precise measurement and replicated ex- 
perimental designs, for there are times when 
this is indeed important. However there are 
also times when people become so bogged 
down with data collection they cannot see the 
farmers for the figures! 

This chapter has talked about “assessment” in 
term& uf b&li~L. ~~aisurenients: newtons, 

metres per second, watts and squarc-metres- 
per-hour. Such units are important for per- 
mitting the exchange of information between 
scientists and professional agriculturalists but 
they mean nothing to the majority of farmers. 
Yet farmer “assessment” is crucial, All 
readers who hope that their own work will in- 

fluence (directly or indirectly, in the long- 
term or short-term) the design, selection, pro- 
duction, provision or utilization of harnessing 
and implements must know that actual pro- 
gress depends ultimately on the farmers and 
farmers’ pc.rceptions. For this reason re- 
searchers and development workers should ‘fry 
lo incorporate farmer assessment as early as 
possible in any research-development initia- 
tive. Farmers will not use dynamometers, data 
loggers and calculators in their own assess- 
ments, and so it should be possible to develop 
local performance criteria with minimal 
equipment. “Farm area cultivated per average 
team per work day” may not seem scientific, 
precise or repeatable, but it may be much 
more relevant than the “knowledge” that an 
implement has “L mean draft of 857.8N”. 

For those whose research necessitates very ac- 
curate recording of draft force, power and 
work, computer-based systems of rapid data 
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collection and processing appear to offer 
great potential,. They permit the precise and 
rapid recording of many of the parameters in- 
fluencing draft and work rate but it must 
again be stressed that they are certainly not 
essential for research in this area, Computer- 
based’systems are not cheap to buy and most 
importantly their use may well involve a huge 
investment in professional time and scarce ex- 
pertise in order that the instruments and 
equipment are employed effectively and .the 
large quantities of data produced are ana- 
lysed. Small research-development projects 
may well decide that such time and money 
would be more profitably employed if esti- 
mates of draft and power are made with sim- 
pler instruments so allowing more time to be 
spent on studying the constraints in the local 
farming systems. A parallel may be drawn be* 
tween socio-economic surveys, where “rapid 
rural appraisals” may yield relevant informa- ( 
tion more quickly- and more cheaply than de- 
tailed surveys that involve mass data collec- 
tion and analysis. t i_ 
Notwithstanding the various cautions given, it 
is clear that data logging can be an extremely 
powerful research tool, It would therefore 
seem appropriate for programmes contem- 
plating detuiled research studies. relating to 
draft and work rates to contact one or more 
of the organizations with experience in this 
very specialilized field. This would allow both 
the technological options and ( possible re- 
search protocols to be discussed. Several of 
the organizations working in this field would 
warmly welcome cooperation, and some may 
have access to resources to’ allow collaborative 
research programmes to be undertaken. 

10.6 Further sources of information 

AFRC-Engineering, UK, has spent much time 
developing systems for recording draft and 
work rates. Their system (illustrated in Figs. 
10-4 and 10-5) has been described in many ar- 
ticles, including Kemp (1985), O’Nrill, Hoi 
well, Paice and Kemp (1987), O’Neill and 

Kemp (1988), Howell and Paice (1988), and 
Kemp (1989). Field trials involving the use of 
AFRC-Engineering data loggers have been 
carried out by ILCA, Ethiopia; CEEMAT, 
France; CIAE, India and CTVM, Scotland. 
All these organizations have built up consid- 
erable experience in the application of this . 
relatively new technology. 

CTVM; Scotland, has developed its own sys- 
tem of data-logging “ergometer” for the meas- 
urement of work, draft force, distance 
travelled’ and actual working time. This has 
been employed in trials in Bangladesh, Costa 
Rica (Fig. 10-9) and Ethiopia. It has also been 
used in the research. of the ACIAR Draught 
Animal Power Project, Australia. A more 
complicated system has been developed to 
allow three additional parameters (body tem- 
perature, breathing rate and stepping rate) to 
be recorded with the work output data. This 
has proved of value during trials in Nepal 
(Fig. 10-6; Pearson et al., 1989). At CTVM it- 
self treadmills and circular tracks have been 
fitted with gas-analysis equipment to allow de- 
tailed measurements of energy consumption 
for working and non-working animals (Fig. 
10-10 and lo-ll), 

The University of Hohenheim in Germany 
has been collaborating with the , ICRXSAT 
Sahelian Centre in Niger in a study of draft 
animal power capabilities. Work has included 
the use of a test track and loading sledge to 
measure both average and mcvrimal power 
outputs of single and paired oxen, horses and 
donkeys (Botker and Klaij, 1988). 

Organizations in Africa undertaking research 
relating to the assessment of draft and xxk 
include FMDU, Botswana, ILCA and IAR 
(Nazareth) in Ethiopia, INRA-MIAC Projet 
Aridoculture in Morocco, the ICRISAT Sahe- 
lian Centre and Projet FAO in Niger and AD- 
PRDP in Zambia. The addresses of these and 
other organizations working in this field arc 
given in the GATE Animal Traction Direc- 
tory: Africa (Starkey, 1988). 
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11. The supply and manufacture of 
animal traction equipment a 

11.1 Existing facilities 
Many countries in Asia, Latin America and in 
north and northeast Africa have had a. long 
tradition of animal traction usage, In such 
countries equipment designs made of locally 
available materials have been developed over 
the centuries and equipment has usually been 
fabricated in villages and small market towns, 
In recent years some larger urban-based 
manufacturing enterprises have also been es- 
tablished. As a result, village artisans have 
often developed new repair and maintenance 
services for the factory-produced equipment, 
sometimes in addition to their traditional fab- 
rication work. 

In most Sub-Saharan African countries, ani- 
mal traction has only been introduced this 
cen&ury and has been based largely on factory- 
produced steel implements. In the colonial 
era, most animal traction implements were 
imported -from Europe. However a long-term 
objective of many governments in Sub-Saha- 
ran Africa has been the creation of local sour- 
ces of animal traction equipment and the in- 
frastructure to maintain such equipment at 
village level, As a result many countries have 
established workshops to fabricate animal- 
drawn implements. The addresses of many 
such workshops in Africa are provided in the 
Appendix, and further details can be found in 
the GATE Animal Traction Directory: Africa 
(Starkey, 19&J). 1’ 

In some cases, including Burkina Faso, 
Ghana, Guinea, Tanzania and Togo, factories 
have been established through government 

development initiatives, backed by external 
aid donors. In other countries including 
Kenya, Malawi, Nigeria, Senegal and Zim- 
babwe the initiatives have been largely those 
of the* private sector. There have also been 
workshops established with capital derived 
both from the public sector and the private 
sector (for example workshops in Mali, Leso- 
tho and Tanzania). Some production has been 
in large factories (the SISCOMA/SISMAR 
company in Senegal; the UFI parastatal fac- 
tory in Tanzania). Some other countries have 
been able to meet their national demands by 
small workshops (the government-established 
UPROMA enterprise in Togo; the private 
Agrimal workshop in Malawi). In Benin pro- 
duction has been organized through a cooper- 
ative (COBEMAG) established with govern- 
ment backing. In this system much of the 
component manufacture is delegated to vil- 
lage-based members of the cooperative, while 
final assembly and those operations requiring 
expensive equipment take place in a central 
workshop. In Burkina Faso equipment pro- 
duction was arranged through the governmen- 
tal CNEA, Burkina Faso (Centre Nationale 
d’Equipement Agricole) network which in- 
!,’ 1, 
IllClIIy comyrked two iargr: and nine small 
workshops. The large workshops were capable 
of manufacturing most components including 
mouldboards and plowshares but only assem- 
bled sufficient equipment to meet the require- 
ments of their localities. They supplied basic 
components to the scattered small workshops 
that undertook only basic welding, grinding 
and assembly work. For various organiza- 
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tional and ecohomic reasans, the network was 
subsequently reduced in size and escape. 

11.2 Donor influences 

Most animal traction equipment workshops in 
Africa have surplus capacity and most could 
expand production if market demand in- 
creaser! and if the necessary inputs. could be 
made available. Despite this situation, a high 
proportion of animal tractiarr equipment 
being sold to farmers ;1 Africa is either totzdly 
or partially manufactured oversea& often in 
industrialized countries, 

There is probably no animal traction equip 
ment factory or workshop in Africa, whether 
in the public or private sector, that has not 
faced major problems. These have included 
problems in the actual manufacturing and 
selling of suitable animal traction equipment, 
in establishing a balance sbehveen overproduc- 
tion and underproduction, and ensuring econ- 

s omit independence and long-term viability. It 
2 is ironical that while the majority of animal 
traction equipment workshops in Africa were. 

, established with the assistance of one or more 
aid agency, some of the present problems are 
also linked to donoi assistance, ’ 

In most Sub-Saharan African countries the 
supply of animal traction equipment is strong- 
ly influenced by development projects. Due to 
their abilities to purchase equipment in bulk, 
transport it to rural centres and provide credit 
for its purchase, development projects gener- 
ally dominate the “marketing” end of equip- 
ment provision. Donor-assisted projects 
sometimes control manufacturing fadilities 
and frequently monopolize importations. This 
inevitably distorts supply and demand pat- 
terns, and whether’ this distortion is beneficial 
or detrimental depends on local policies. All 
donor assisted development projects are 
answerable to the national governmehts and 
any decisions relating to the importation of 
equipment by a project must ultimately be the 
responsibility of the host government, In prac- 
tice, governments, donor organizations and 
development workers know that the influence 
of bilateral and multilateral aid agencies in 
determining large and small decisions is very 
great. 

It is well known, for example, that most donor 
countries state that equipment purchased with 

Fig. 111-I: Stockpile of equipment at the SISCCM4 factor), in Senegal when the national ugriculhtral credit 
programme wnr suspended, sales of animal traction implements plummeted and SISCOMA became insolvent. 

The factory WCLS acquired by SLWAR, committed to product diversificcltion. 
Photo: Paul Starkey 
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problems of local workshops 

PhoZo: Paul Starkey 
Fig. 11-2 At the UPROMA wwkhop in Togo, steel bars to make plow beums 

ore heated in charcnr3’ @or to beiq bent into shape montcaliy. 

their financial assistance should come from 
their own country, unless a waiver is agreed. 
As a resuit of such understandings, agricultu- 
ral development projects supported by The 
Netherlands have generally ordered Dutch 
plows or materials, French-supported projects 
have made use of French designs, British- 
assisted projects have bought British equip- 
ment and when Italian funds have been chan- 
nelled through a multilateral agency such as 
FAO, Italian implements have generally been 
ordered. In several cases bilateral or multilat- 
eral projects have imported whole imple- 
ments, or components that could be made lo- 
cally, despife the existence of local workshops 
with spare capacity. For example, import- 
ations have occurred recently in Burkina 
Faso, Guinea, Mah, Mozambique, Nigeria, 
Tanzania and Zambia. Admittedly such im- 
portation may have been because the local 
workshop was suffering from major technical, 
managerial, financial or supply problems. 
However in such circumstances projects and 
their supporting aid agencies have often 
found it easier, or simply more expedient, to 
bypass the constraint rather than to confront 
the reot problems. 

._ -- - ..- -. - 
Harnessing and implements for animal traction 

It must also be recognized that corruption (on 
several sides) may have sometimes distorted 
the supply of animal traction equipment, since 
generous “commissions” may have been avail- 
able from the manufacturers or suppliers of 
implements or components. 

Since the constraints experienced by work- 
shops in developing countries direr,+ or indi- 
rectly affect development projects, field staff 
and the farmers, some of the problems will be 
briefly reviewed. 

11.3 Probkms of local workshops 

One basic problem, with which workshops 
making animal traction equipment have to 
contend, is the suitability of their implement 
designs. Few manufacturers can afford their 
own research and development departments, 
and where they exist they are naturally staffed 
by engineers, not agriculturalists. Manufac- 
turers therefore depend largely on three main 
sources: prototypes or drawings produced by 
the agricultural engineers of local ministries 
and universities; t+e copying of samples from 
other countries; licensing agreements with 
foreign manufacturers holding patents on es- 
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tablished designs. The main problem with all 
three sources is the same: the manufacturer 
has to go to considerable expense to produce 
the necessary assembly jigs without being sure 
that the implement will sell. Seldom can 
workshop engineers judge the market for such 
specialized items; they generally rely on the 
advice of their sources. Many workshops have 
found out to their cost that their professional 
advisers were not fully aware of .what the far- 
mers wanted or could afford. Some, workshops 
have had to seek second opinions on actual 
market demand after the management had 
been embittered by the failure of an expensive 
production run to sell. Some interesting ma- 
terial is available relating to the difficulties 
Tanzaniarr manufacturers and agricultural en- 
gineers experienced in identifying suitable de- 
. signs rnd on possible national policies to pre- 

vent the recurrence of such problems (Kjsr- 
by, 1983; ILO, 1987c). 

Ecooon~ic distorlions 
In several countries, including Angola, Mo- 
zambique, Nigeria, Sierra Leone, Tanzania 
and Zambia, exchange rates lixed below those 
considered acceptable by the commercial sec- 
tor have seriously affected the economics of 
local production, In circumstances where 
there is a major difference bctwecn the ofli- 
cial exchange rates and the parallel (black 
market) exchange rate there can be very 
severe distortion of local manufacturing costs. 
Impiements purchased and imported at offi- 
cial (low) rates of exchange often appear 

---__l-_l.-.._I-_-_--___ 
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Fig. 11-3: 
Simple workshop in 
Burkina Faso made 

from shiapng containers 
(on right of photo) and 
.*oojing muteriaL It was 

designed to assemble 
animal traction 

implements 
@rn components made 

in rcUger workshops. 
Photo: Paul Starkey 

cheap compared with those manufactured lo- 
cally. It may even be significantly cheaper (at 
official rates) to import equipment than to 
make it locally. This is frequently the case 
even whta primary raw materials such as steel 
are imported at official exchange rates, for 
local manufacture inevitably requires some ex- 
penditure within the local commercial sector 
(for example for purchasing welding elec- 
trodes, bottled gas, hacksaw blades or even 
“gratuities” to obtain scarce resources). In 
countries that have “parallel” rates of ex- 
change, such local purchases will normally in- 
volve paying the prevailing commercial prices 
th& have been inflated by black-marketeering. 
In such circumstances some workshops may 
opt for keeping production going by buying 
expensive and possibly illegal goods and ser- 
vices from the commercial sector. Other 
workshops may insist on obtaining goods and 
services at lower prices, even if it involves very 
slow, official channels and even if the result- 
ing delays result in tota!: cessation of produc- 
tion for days, weeks or months. Neither alter- 
native is desirable, and both effectively in-, 
crease the actual costs of implement produc- 
tion. 

In many countries, including Nigeria and 
Zambia, there have been preferential customs 
tariffs for complete agricultural implements, 
while the importation of steel and welding 
rods for the local manufacture of similar im- 
plemeuts was subject to customs duties. In 
some countries including Senegal, workshops 
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have had to add Value Added Tax to locally 
produced implements, whereas imported irrrd 
plements may have been exempt from this tax. 
Furthermore whatever the local customs tariff 
structures, most aid donors make it a specific 
condition of aid agreements that project sup- 
plies should be admitted duty-free. This is ad- 
ministratively simple for consignments of 
ready-manufactured equipment, but it is diffi- 

. cult or impossible to recover duty already paid 
on materials purchased within the country for 
the local fabrication of implements. The re- 
sult is that projects can often make imple-, 
ments available to farmers more cheaply 
through importation than through local 
manufacture; low implement prices for far- 
mers may seem an irresistible, short-term ar - 
gument in favour of importation, even though 
a broader view might well indicate that an im- 
portation policy would be detrimental to the 
long-term goal of sustainable local produc- 
tion. 

Limited capital and associated cash-flow prob- 
lems can be particularly \erious for agricultu- 
ral manufacturers. Ordering specialized steels 
in small quantities is disproportionately ex- 
pensive, while bulk orders require a long com- 
mitment of tied capital. 

Production runs 
For efficient workshop management regular 
monthly production is desirable, yet animal 
traction equipment sales are highly seasonal. 
Poor weather, poor harvests or simply a 
change in policy of an agricultural credit bank 
can cause anticipated sales to drop drastically, 
Few local manufacturers can afford to main- 
tain large stocks of manufactured equipment 
or raw materials, yet the administrators of de- 
velopment projects expect to be able to order, 
receive and pay for consignments of equip- 
ment in a short space of time. The short con- 
tract periods of donor projects tend to favour 
the foreign manufacturers with more rapid ac- 
cess to raw materials and working capital. The 
ability of manufacturers in industrialized 
countries to meet tight production schedules, 

usually more than compensates for the delays 
attributable to shipping, and so overseas 
manufacturers can often meet contract (dead- 
lines more rapidly than local manufacturers. 

Workshop locution 
Warkshops designed to produce Gmal trac- 
tion equipment have often been established in 
rural areas. This may have eased the cost of 
distributing the manufactured equipment, but 
increased the difficulty in obtaining reliable 
supplies. Many rural workshops in Africa 
have been severely disrupted by unreliable 
electricity or fuel strpplies. Such problems 
may be common to many other local indus- 
tries, but not to foreign manufacturers. 

Quality control can be a problem in any work- 
shop, but in developing countries salary struc- 
tures often accentuate this. The low cost of 
unskilled and semiskilled labour and the high 
cost of imported equipment limits the adop- 
tion of automated processes that might stand- 
ardize the cutting, punching, bending and 
welding of components. The high availability 
of semiskilled labour tends to restrict the 
potential salaries of very skilled welders in es- 
tablished workshops, and this leads to a high 
staff turnover as skilled workers seek more re- 
munerative employment. The cost of manage- 
ment time is high compared with labour (par- 
ticularly so if expatriates are involved) so that 
for financial reasons quality control proce- 
dures are often neglected. The rural location 
of many workshops also restricts supervision 
since management staff often spend time in 
urban centres arranging supplies or negotiat- 
ing with government departments. The overall 
effect can be the fabrication of very variable 
products; this increases pressures on develop- 
ment projects to import ready-made imple- 
ments which are generally assumed to be of 
higher quality. (This assumption that im- 
ported implements are automatically of high 
quality is dangerous, since implements im- 
ported from industrialized countries can range 
from excellent to abysmal). 
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Photo: Paul Starkey 

Fig. 11-4: Sto&piie of imported seeders in Ma& Since they were supplied by tender, whc, is now responsible fcr 
modifihg them to meet the iteea!v’of local farmers? 

Bureaucracy , 
Public sector workshops may have particular 
problems in deaiing with, or being part of, 
government bureaucracy. While small private 
workshops and traders usually respond quite 
rapidly to changes in demand, and do not con- 
tinue to produce equipment that is not sell- 
ing, government and parastatal workshops 
often work to targets determined more by 
their annual budgets than by market forces. 
There have been many examples of parastatal 
factories unable to meet genuine market de- 
mands for their products simply because their 
fured budgets have not been sufficient to meet 
the requirements for materials. There have 
also been cases of the overproduction of un- 
wanted equipment for which funds had been 
budgeted. . 

Donor-financed imports 
The more a local manufacturer has problems, 
the more donor-assisted projects will tend to 
import foreign equipment, so exacerbating the 
situation. During the early 1980s several West 
African manufacturers, established with va- 
rying degrees of government support, found 
themselves trapped in the descending spiral of 

limited capital and low sales as donor-sup- 
ported projects financed the importations of 
implements. Private manufacturers and others 
free to develop their workshops have gener- 
ally diversified into other manufacturing acti- 
vities: few independent. manufacturers, would 
want to return to the problems of plow pro- 
duction having enjoyed the cash-flow advant- 
ages of manufacturing steel windows and bur- 
glar bars, items with regular and sustained de- 
mand, minimal administrative procedures, pri- 
vate sector funding and low demand for spe- 
cial steels. 

With all the problems to contend with, it 
hardly seems surprising that few local work- 
shops in Africa have managed to produce, on 
a regular and sustained basis, reasonable 
quality animal traction equipment at a low 
price. 

11.4 Policy implications 

Local manufacture is a universal and natural 
aspiration of all countries. Nevertheless it is 
not necessarily cheaper than importation. 
Since few African countries are likely to have 
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steel manufacturing facilities in the fore- 
seeable ,ftiture, implements will continue to 
have a significant foreign exchange compo- 
nent whether they are ‘imported or locally 
produced. ‘While local manufacture provides 
employment, if workshops are underutilized 
the social and economic benefits of this may 
be offset by high overhead and recurrent 
costs. Such costs may be greater than value 
added to the basic steel by full manufacture 
overseas. Thus inLonfy a’,few cases is the main 
advantage of local production finuncial. Nor 
can the main advantage be self-sufftciency 
when local production is highly dependent on 
imported steel. The most important policy 
justif&zttion for local manufacture should be 
the potential for rapid feedback between the 
end-users and the manufacturer. As has been 
noted, this valuable advantage has often been 
neglected. 

Appropriate dad&m 
If public sector organizations (governments 
and projects) continue to be heavily involved 
in the supply of equipment to farmers, policy 
decisions ensuring that the equipment is of 
Izppropriate design may be mare important 
than those relating to snwrce o~supply. There 
have been many recent examples of project 
administrators ordering (locslly and interna- 
tionally) implements that were very unsuit- 
able. Often it took months or even years for 
the lessons to be learned, since the lack of up- 
take was blamed on farmer conservatism and 
poor extension effort, rather than on inadequ- 
ate equipment selection. 

A few examples will illustrate the problem of 
projects ordering by tender. For several years 
in Northern Nigeria, the standard tender do- 
cuments of a major multilateral agency spcci- 
fied that animal traction equipment packages 
should include mouldboard plows. To date 
most of these remain unused, since farmers in 
the area habitually use ridging plots. In one 
tender contract in Zambia plow beams were 
received with small mild steel plates welded 
on, simply to make the relatively light beams 
- .---. 
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Source: Archivea of MiniaNy of Agrioultwe, Mozambique 

Pig, 11-S: Following A international tender, 
siptific~t numbers of these Lioness wheeled 
toolcarriers were selected for importation inro 
Mozambique. As may be apparent jhm this picture, 
they had not been selected in consulta(ion with the 
fwmers of Mozambique or by those with a detailed 
knowledge of the local farming systems. Several years 
later, most had never even been assembled 

meet the weight specified in the tender docu- \ 
msnts. In Mozambique several aid agencies 
fmanced the importation of wheeled toolcar- 
riers. Although no wheeled toolcarrier design 
has ever had long-term success at farm-level 
in Africa (Starkey, 1988), one large and ex- 
pensive consignment of toolcarriers imported 
into Mozambique proved to be particularly 
inappropriate. The implements had bicycle 
wheels that were weak, narrow and puncture- 
prone and clearly unsuitable for farmers’ 
fields (Fig 11-5). Their “500 kg cart” was 
minuscule and off-centre, and to prepare a 
toolcarrier for weeding required changing at 
least twelve different nuts and bolts. To 
anyone aware of Geld conditions in Mozam- 
bique, the implements (that had been de- 
signed and manut’acturcd in Europe) were in- 
appropriate. Nevertheless they apparently 
conformed to the letter of the tender specifi- 
cations of the international Agency that 
funded the purchase. Most implements from 
that very expensive importation remain un- 
used. Near them, in Maputo, are stocks of 
plows imported from Brazil by another aid 
agency, in an attempt to promote “South- 

.._---___--_-_-.- ._-_.-.-___ 
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South” cooperation. These plows have shares 
, ‘and mouldboards of the specified dimensions, 

but the,se ,and the landside are all welded onto 
the frog piece, With no provision for bo&ing 

. an spare parts, these implements are effective- 
ly, one-piece, disposable plows! Many projects 
and organizations in Africa could cite similar 
examples of time and money being wasted 
through tendering procedures that failed to 
specify what the farmers really needed, 

It is therefore \ery clear that whether policies 
favour the importation of equipment, the use 
of large local factories, or the establishment 
of small rural workshops, procedures should 
be clearly defined to ensure that those respon- 
sible for ordering or manufacturing the impI{;- 
ments are reliably informed of farmer needs 

j and, farmer reactto&. 

Standardization 
Another major problem with the purchasing 
of equipment on international tender is that 
equipment from different suppliers will vary, 
making the subsequent supply of spare parts 

difficult. Standardizarion of designs and com- 
ponents can assist manufacturers, distributers 
and users. The agricultural engineer Jean 
Nolle, designer of the Houe Sine nlulticrtiteur 
toolbar that has become widely used in West 
Africa, considered standardization nnci +F- 
changeability of components between imple- 
ments to be a major design objective (NDlle, 
1986). He developed ranges of equipment 
with some standard specifications so thdt 
ciamps or even plow bodies could be used cm 
dEerent implements. Standardization has to 
be carefully balanced with other design crite- 
ria, but in general it is desirable. Stand- 
ardiration can allow manufacturers to stock 
smaller ranges of steel sections, use fewer jigs 
and allow suppliers to stock smaller numbers 
of spare paris. With so many small workshops 
in Africa, some of which have to import spe- 
cialized steel sections or even manufactured 
components, there is much scope for regional 
cooperation and standardization. 

Small workshops 
Despite the large over-capacity for plow pro- 

F@, 11-6: Stockpile of plows imported into Mozambique by a donor-assisted praject. 
‘The plows have numerous technical defects: .for ewmple the mouldboards and shares have no bolts but have 

been welded into place, kkin~ replaceinent in u small village almost impossible. 
Photo: Paul Starkey 
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Photo: Paul Starkey 
Fig. 11-7: Clamp fmm kfoue Sine toolbar. As part of 
Jean N&e’s philosophy of standardization a similar 

clamp B used on several implements. Should the 
thread strip, it is relatively easy tu repnirlrepluce in a 

remoie village. 

duction in Africa, new workshops are still 
being e.stablished, generally through aid pro- 
jects. Increasingly these are small enterprises 
in rural areas using bought-in (often im- 
ported) components. One advantage of such 
small workshops is that they are generally 
near the end-users, making it easier for 
farmer feedback to reach the manufacturers. 
They should also. assist in the provision of 
spare parts. The main disadvantage is that the 
small workshops themselves may not be viable 
(unless they divert their efforts into assured 
products such as windows and burglar bt ps!). 
Moreover while they are in the initial, highly- 
subsidized, aid-project stage, they may margi- 
nalize still further any existing factories or 
workshops in the country, particularly if these 
are already in difficulties. 

Photo: Paul Starkey 
Fig. 11-8: Clamp on an e&ly Anglebar toolbar. 

When the thread stri$ped or broke, the whole frame 
nee&d to be t&n for repair. This problem was 

identified only when the implement wm tested in a 
remote village without a mtidern blacksmith. 

equipment is heavily dependent on the pre- 
vailing policies of governments and assisting 
aid agencies. The market for animal traction 
equipment is often precarious, due to the 
limited purchasing power of small scale far- 
mers and the vagaries of the climate. Per- 
ceived short-term shortages of implements 
have often been “solved” by the importation 
of large quantities of manufactured equip- 
ment, or components for local assembly. Such 
importations have usually been subsidized and 
have marginalized still further the local sup- 
pliers, who have often turned to ventures that 
are less prone to risk. The subsequent (often 
unofficial) diffusion of imported equipment to 
different areas of the country and even across 
state boundaries has often distorted market 
structures well outside the intended target 
area. 

11.5 Project options for the supply 
and manufacture of equipment 

There are few countries in Africa where ani- 
mal traction equipment is manufactured and 
distributed on a truly “free-market” basis. Ex- 
ceptions inzludc Ethiopia, whcrc small-scale 
artisanal manufacture predominates, and 
Zimbabwe, a steel-producing country. In the 
majority of other countries in Africa, the dis- 
tribution and manufacture of animal traction 
-- -__--- --__--_-.- _ 
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In general, the interests of small-scale farmers 
would be best served by assured uccess to well- 
adapted equipment that is modestly priced. If 
local manufacturers are to meet this, they re- 
quire a good understanding of actual farmer 
needs. They require information exchange sys- 
tems to ensure that they can rcccive feedback 
directly from the end-users. Without the views 
of farmers, field workers or committed sales 
agents manufacturers cannot assess the relia- 

-_-----_I--.L_--.-- ,--- -_- --.- -..- 
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bility of the opinions of the many local or ex- 
patriate 2xperts” willing to offer advice 
and/or designs. In only a few circumstances is 
the pattern of animal traction equipment sales 
in African countries likely to support sus- 
tained -production or commercially justify the 
opportunity cost ,of the manufacturing capa- 
bility, This implies that public sector funds 
will be required to support local prod&ion, 

, by providing working capital or asstied mar- 
kets. / 

Existing, internatior .J tendering systems fa- 
vour external producers. Newly industrialized 
“South” countries such as India and Brazil are 
increasingly capable of undercutting estab- 
lished fums in the “North” on price. It re- 
mains a matter of opinion as to whether there 
are significant quality differences between 
“North” and “South” manufacturers. However 
the experience of many African countries il- 
lustrates that there is no assurance that equip 
ment ordered by international tender will 
prove to bz of-suitable quality or design. 

In most countries, the weakest link in the 
whole equipment manufacture and supply 
process has been that between the suppliers 
of equipment (manufacturers or distributing 
organizations) and the end-users. Liaison at 
this level is essential in order to ensure that 
equipment designs are appropriate. Past ne- 
glect of such linkages has often resulted in 
workshops or projects manufacturing or im- 
porting unsuitable implements. The prolifera- 
tion of donor-assisted ‘aid projects in Africa 
has meant that indigenous and foreign imple- 
ment manufacturers have learnt the sad truth 
that for them the actual market for the sale of 
their production is not the farmer, but the 
donor-assisted projects. In most cases it has 
been project! staff, not farmers, that have 
defined specifications and requirements. It has 
been projects that have been able to order in 
bulk, It has been projects that have decided 
whether implement quality has been accept- 
able and paid the manufacturer. The provi- 
sion of subsidies and credit combined with a 
lack of alternative implements (projects often 
have effective monopolies in equipment sup- 

Fig. 1 l-9: Wooden beam plows stockpiled in Zana 2% Kiho factoryi Tam&a Large-scale pmductiun had 
started before freer acceptance had been ascertained Photo: Pau! Starkey 
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pliss) has allowed donor-assisted projects to 
unload stocks of relatively poor equipment on 
I& farmers. C@ly when equipment has been 
exceptionally bad has it remained in project 
stores. This has meant that neither African 
nor overseas manufacturers of animal-traction 

.implements have had much financial incentive 
to ensure their implements have met the 
needs of local farmers, For the manufacturers, 
the best short-term strategy has been: to sell 
their @duction to individual projects. Their 
best ‘longer-term strategy has simply been to 
find other donor-assisted projects. There has 
been almost no incentive to establish com- 
munication channels between manufacturers 
and the ultimate end-users of the equipment. 
As a result of this sad situation, there are now 
few places in Africa where feedback from far- 
mers can rapidly affect the specifications of 
implements available for them to buy. 

For the farmers, the ultimate source of imple- 
ment supply is of less importance than its de- 
sign and quality, assuming spare parts are 
available locally. Iu general, farmers have no 
influence on the source of available imple- 
ments, this being determined by governments 
and donor-assisted projects. In the past such 
decisions have often been taken on the basis 
of short-term expediency, perhaps in response 
to a specific offer from an aid-donor or to re- 
lieve a temporary national shortage of imple- 
ments. The lack of long-term planning has 
sometimes led to initiatives for the supply or 
manufacture of implements being prejudiced 
by subsequent national planning decisions 
There have even been examples of both pri- 
vate sector manufacturers and government- 
backed projects being detrimentally affected 
by paiallel initiatives (supported by different 
donor organizations) that have been attempt- 
ing to increase equipment supplies in otk-.~.~ 

ways. While the importation of different types 
of equipment can provide farmers with valu- 
able choice and manufacturers with more 
competition, it can also wreck the slim pros- 
pects of local manufacturers already experien- 
cing difliculties. Unless countries define, and 

adhere to, clear policies relating to the supply 
of animal traction equipment, further well- 
meaning attempts by projects or aid agencies 
to’ manufacture or supply implements may 
well risk being undermined by other, uncoor- 
dinated development initiatives. 

11.6 Spare part provision 

One of the most commonly reported con- 
straints to the efficient utilization of animal 
traction equipment is the lack of spare parts. 
Difficulty in obtaining spare parts is a major 
cause of abandoning good implements well 
before the end of their useful lives. It is also a 
cited excuse for giving up the use of equip- 
ment that was never particularly favoured. 
Where equipment is really useful, farmers in 
conjunction with local artisans will go to great 
lengths to obtain or make spares. To take 
examples Erom Sierra Leone: farmers and 
blacksmiths in some areas kept plows in regu- 
lar use for over 30 years despite the absence 
of spare parts; yet in other areas plowing with 
animals ceased altogether when the glows first 
needed replacement parts. 

The speed at which parts need to be replaced 
will depend on the conditions of use. Soil type 
and condition at the time of use together with 
the quality of the steel will determine how 

Fig, 11-l 0: Plowskres used for just two weeks in 
abrasive so&, simwn resting on top of new shares. 

1~ such conditions, farmers may require at least two 
new shares per season. 

Photo: Paul Starkey 
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quickly plowshares, landsides and cultivator 
points will wear. Shares and cultivating points 
may well require re-working or replacement 
every season, Wheel bearings wear quickly 
when abrasive soil enters ,between the axle 
and wheel hub; many land wheels presently in 
use wobble eccentrically or squeak irritatingly, 
and some have had to ‘be abandoned, so re- 
ducing the ease of obtaining good quality cu!- 
tivation. Traction chains, clamps, mould- 
boards and countersunk bolts do not need to 
be replaced frequently, but when they do, they 
are specialized items that may be difficult to 
improvise if they are not readily available. 

The care that farmers take of their imple- 
ments will also determine the need for spare 

parts. The regular oiling and greasing of bolts 
and moving parts may extend the lives of such 
parts markedly. Protected storage, combined 
with cleaning, greasing and oiling, should 
both facilitate the ease of adjustment and re- 
duce the need for subsequent repairs. Regular 
replacement or reworking of plowshares will 
prevent wear to the frog piece and plow body, 
Restrained application of manual force when 
tightemng ring bolts with a tommy bar will re- 
duce the stripping of threads and the damage 
to implements. The use of pliers, or spanners, 
of the wrong size may result in rounded nuts 
and bolt heads that will then require work- 
shop equipment to remove. 

In areas where animal traction is being intro- 
duced, farmers may well re- 
yuire specific information 
retir.‘ng to the care and 
maintenance of equipment, 
Initially farmers are often 
unaware . of the limited 
strength of steel imple- 
ments, for example the ease 
with which a plowbeam can 
bend -if misused as a lever. 
Even after careful instruc- 
tion, many people have to 
learn from bitter experience 
the delicate balance that 
exists between a bolt that is 
too loose and au over-tight- 
ened thread that is stripped 
and needs to be cut off or 
drilled out. 

In general, national systems 
for the supply and distribu- 
tion of animal traction 

Fig. 11-11: Trder selling spare 
parts nt small market in Mali. 

Some we imported components, 
some hnve been made in a local 

factory, some have been made by 
blacksmiths nnd some we 

second-hnnd 
Photo: Paul Starkey 
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spare parts have proved diffi- 
cult to maintain. It often 
seems that only when demand 
is sufficiently assured for 
local artisans and smali 
traders to fmd it profitable to 
specialize in this area, that 
problems become reduced. 
For example in parts of Sene- 
gal and Mali the level of ani- 
mal traction has allowed pri- 
vate traders in the informal 
sector to specialize in spare 
parts provision. In these 
countries, traders are present 
in all local markets selling a 

Photo: Paul Starkey 

Fig. 11-12: Cnrt bodies made by carpenters in small iom in Mali. 
wide range of parts derived 
from national-level factories, blacksmiths and 
second-hand equipment. 

Perhaps the biggest problems with national 
systems relate to the maintenance of stocks. 
Manuf;acturers, importers, retailers, traders 
and even projects do not like to have large 
quantities of capita1 tied up in stocks of slow- 
moving spare parts. Demand is highly seaso- 
nal and weather dependent, yet decisions on 
stocks have to be taken long before the actual 
demand can be assessed. Another problem is 
knowing the rr,lative needs for spares, particu- 
larly on new lines of equipment. In some 
cases, the equipment may not prove to be use- 
ful, and any stocks of spares will be totally 
wasted. In other cases a national or local re- 
quirement pattern will be rapidly estabiished, 
so that it will be clear that for every 1000 im- 
plements in use, there will be an rrveragt: de- 
mand for specific quantities of shares, points, 
frames, bolts, handles etc. However while such 
a pattern may be statistically valid for a large 
area, few local depots will experience the ideal 
“average” demand. In practice local depots 
have the choice of overstocking to ensure all 
needs will be met, or accepting lower stocking 
rates, knowing that some items are likely to 
sell out and become unavailable. Large num- 
bers of small depots throughout a country will 
be most efficient in terms of having accessible 

.--.-._-...--- ~-- _-..- -- ..- .^ 
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sources of supply close to farmers. Yet the 
greater the number of depots, the greater the 
overall national stock that has to be main- 
tained if each depot is to be able to meet 
average demand in its own area. In theory the 
ideal situation would be based, on large na- 
tional or provincial depots, with very efficient 
systems for rapidly supplying parts to many 
small outlets. Problems, of communications 
and management make such systems difficult 
to establish, particularly since such an efti- 
dent system’ is unlikely to be justified on 
economic grounds. 

An example of the decisions that have to be 
k-alum w&n *-.-WY 2iiZi@ilg a naiionai system of 

spare parts may be seen from the experience 
of Malawi during the period 1974-1984. In 
this country, the suppli of animal traction 
equipment and spare parts has been largely 
the responsibility of the private sector or 
commercially oricntirted parastatal organiza- 
tions. National distribution was for several 
years assured through the network of depots 
of the national marketing board (ADMARC) 
which sold equipment nationwide at a furcd 
price which provided minimal profit. The 
rrlarketing board was charged with being com- 
mercially viable, and it eventually decided it 

was not cost-effective to maintain this service 
unless the manufacturer was prepared to sup- 
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‘ply the stocks on credit, being paid for only - - 
when sold to the farmer. The manufacturer 
(Agrimal) wanted to benefit from the high 
level of sales, that the comprehensive national 
distribution system of the marketing board 
could ensure, but it could not c~ommercially 
justify so much of its working capital being 
tied up in slow-moving stocks of spar< parts 
in different parts of the country. Thus the 
marketing board stopped supplying equip 
ment and spare parts, and private chains of 
retailing hardware stores undertook the sup- 
ply. These were also faced with slow-moving 

Fig, 1 l-13: An artisun specializing in making nnd 
repai&g carts in Egypt. While hc increasingly uses 
wlreels abtnincd jkmn old motor rvhiclcs, he stiU 

m&s nnd repnirs woodm-spoked wheels and in his 
hand is a cast iron bearing porn a wooden hub. 

Photo: Paul Starkey 
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items that took up storage space and manage- 
ment time for relatively little annual profit. 
The retail chains therefore decided to stock 
only the most needed items, such as plow 
shares: As a r :sult ,farmers and extension wor- 
kers still complained that they could not ob- 
tain all the necessary spare parts. 

In some other countries, similar difficulties 
werr; extierienced at local level, so that exter- 
nally assisted development projects’decided to 
meet local ‘demand for both equipment and 
spares themselves. In so doing they bypassed 
and effectively eliminated commercial at- 
tempts to meet the demand, so achieving 
short-term benefits at the expense of long- 
term structures. 
. 
While: the provision of implements such as 
plows has a certain appeal to aid donors, the 
supply of spare parts is less attractive, and has 
often been neglected. Although’ spare parts 
require considerable workii capital, they are 
often classified as recurrent items and so are 
entered in different sections of national and 
donor budgets. There have been examples of 
absurd situations in which national govern- 
ments have found it easier to request com- 
pletely new implements from aid donors, than 
to obtain the provision of spare parts. 

11.7 .Aztisanal mannkcture, 
modification and maintenance 

A clear distinction can be made between arti- 
sanal production and the nxdium to large 
workshops referred to earlier in this chapter. 
While the large workshops are usually orien- 
tated towards meeting national or provincial 
markets, artisanal production is usually aimed 
at a more local market, perhaps tine la,;ge vii 
lagc or the area surrounding a small town. Ar- 
tisans may range from farmers who are also 
part-time traditional blacksmiths, to small 
workshops employing several people and 
some modern equipment. Such artisans gener- 
ally have !ow levels of stock and capita1 equip- 
mcnt, and often operate in the informal scc- 
_I___.-..-.__ ,.__ - _.___.-.. _.-___-l_-l-__-,.-_II_.___ 
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Photo: Paul Starkey 

Fig. 1 I- 14: Qyptian fanner with a new ard plow bought in 1988 fmn the local village artisan for US$25. 

tor. UNIDO (1983) defined three categories 
of such artisans: 
a Traditional blacksmiths who generally 

only use traditional tools and a charcoal 
fire and who usually work at ground level; 

l Modern blacksmiths who generally oper- 
ate from a standing position and use 
some non-traditional equipment such as 
Thears, grinders, vices, steel anvils and gas 
or arc welding sets; 

l Modern rural mechanics who specialize 
in the repair and maintenance of bicycles, 
motorcycles, pneumatic tyres, or motor 
vehicles, and perhaps factory-made ani- 
mal-traction implqments. 

In Europe, until quite recent times, village 
blacksmiths, wheelwrights, leather workers 
and carpenters were elitremely important in 
manufacturing, adapting and developing har- 
nesses and imp ,mcnts for draft animals. It is 
diffi&lt to scL how many rural communities 
would have s’* vivecl without the skills and 
services of a ‘~l~lge blacksmith. Many famous 
large-scale manufacturers of agricultural 
equipment in Europe and North America 
today started business as blacksmiths in the 
nineteenth century. In developing’ countries 
where animal traction use has been practised 
for centuries, the technology is largely sus- 

-l__---_l-- _-_._._.-.-._ ._-- . . .._ - 
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tained by trad’donal artisans. Some artisans 
make and repair ards and wooden-wheeled 
carts using traditional skills and materials. 
Other artisans, or “rural mechanics”, have 
specialized in provi&Z t*yre repair services or 
in the repair and rebubditation of factory 
manufactured implements. People within 
countries that have a comprehensive infra- 
structure of artisanal repair services, may find 
it difficult to understand the very real prob- 
lems faced by projects in many parts of Africa. 
Numerous projects have tried to introduce 
animal traction tithout the benefi’t of appro- 
priate artisanal supporting services. Conse- 
quently farmers have had severe problems 
maintaining and repairing implements, ob- 
taining spare parts and keeping carts in w&k- 
ing condition. It has not been unusual for 
valuable equipment to have been abandoned 
because of minor problems. , 

It is both convenient and efficient if village 
blacksmiths, carpenters and rural mechanics 
provide services for the repair and mainfenance 
of auimal traction equipment. The desirability 
of village artisans manUfacturing whole imple- 
ment& and modifying existing designs is less 
accepted by development planners. It is widely 
felt that village-level fabrication of equipment 
cannot produce the same standards, quality, 

--..-. ^.-...__- ^_.. ---_-- - - 
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uniformity and consequential operational effi- Coophative Bbninoise de Mat&e1 Agricole 
ciency that may be obtained from implements One such scheme was started in Benin. The 
made in an urban workshop. Nevertheless vil- Cooperative BCninoise de Materiel Agricoie 
lage artisans have one critical advantage: they (COBEMAG) was established with UNDP 
are usually in excellent positions to respond support in 1974 and became operational in 
rapi;dly to feedback from farmers. This may be 1977. Organized as a cooperative of over 100 
crucially important for, as has been repeatedly artisans, it purchases steel centrally and 
observed, appropriateness of design is gencr- undertakes some cutting and welding at its 
ally more important than implement quality central workshop. However it delegates much 
(although both are most desirable). of its practical fabrication work to blacksmiths 

in different villages, first distributing and then 
Whether artisans are to ,be involved in manu- collecting the various components for Arara 
facture or simply in repair and maintenance, multipurpose toolbars. Final assembly, quality 
it would seem evident that schemes to pro- control and sales ha.ve been organized by the 
mote the use of animal traction equipment central workshop. The biggest problem faced 
should be very closely linked to the deveiop- by the COBEMAG cooperative has been lack 
ment of artisanal services. Yet in the past this of capital to maintain stocks of steel and com- 
has been neglected, with attention being paid ponents, The organization of the distribution 

’ to the construction of large workshops, with and collection of components together with 
associated spare part distribution being ar- the attempts to create a product of uniform 
ranged through the formal governmental or quality have almost inevitably imposed a 
retail sectors. In more recent years there have’ strain on the cooperative management. Since 
been several schemes to facilitate village arti- the village blacksmiths make components not 
sans to <manufacture and/or maintain animai- complete implements, there has been little 
drawn implements. scope for creativity, or for blacksmiths to 

Fig, 1 l-i.5 Workshop of a village blachnitlr participating in CMDT-blackwnith scheme. 
Through the CMDT ptwgramme, this blacksmith had received a credit package enabling him to purchase an 

electricity generator. In 1988, besidel: providing a locai etpdpment rep&Y service, he fabricated over 200 plows 
fiorn components imported by CMDT and also experimented with his own implement designs. 

c Photo: Paul Starkey 
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Photo: Paul Sttey 
Fig. 11 -I 6: Plaws made in w&shop ,.$fl village binchmith purticipating in CM..T-bh&wnitYt scheme. 

modify the basic implement design as a result 
of farmer comments. 

CMDT-blacksmith prqpmme 
A much bigger scheme has recently been or- 
ganized and financed in Mali by the parastatal 
cotton company. CMDT (Compagnie Ma- 
lienne pour le Dtveloppement des Textiles), 
with assistance from several sources including 
The Netherlands. The aim of the CMDT- 
blacksmith programme is to encure that affor- 
dable antmal-drawn equipment of appropriate 
design and quality is available throughout 
southern Mali on a long-term basis. Appar- 
ently the finan+ and organizational prob- 
lems of the large SMECMA workshop in the 
capital city had prevented it from meeting the 
demand for animal-trastion equipment in the 
CMDT zone. CMDT is therefore in the pro- 
cess of providing credit to equip up to 200 vil- 
lage blacksmiths with a range of modern 
tools. Some blacksmiths are being equipped 
with simple, hand-operated tools, but other 
have been supplied with electrical generators 
allowing the use of drills, grinders and arc 
tielders. Under the present system of black- 
smith involvement, CMDT provides the raw 
materials for SO-200 plows, toolbars or 

seeders. The blacksmith assembles the implc- 
ments, and the CMDT collects them for cen- 
tralized distribution to farmers. In 1988 the 
CMDT purchased many implements in kit 
form from The Netherlands, but CMDT plans 
to establish a central workshop to allow raw 
steel to be made into components suitable for 
distributing to blacksmiths, 

It is too early to evaluate the long-term effec- 
tiveness of the schemes in Mali, since they arc 
still in an early phase with a great deal aF ex- 
ternal support. One of the biggest dangers of 
the scheme as presently planned is its central- 
ization. Like the COBEMAG factory in 
Benin, materials are purchased centrally and 
equipment fabrication is devolved. It is signifi- 
cant that unlike COBEMAG, in the CMDT 
scheme blacksmiths assemble complete imple- 
ments. However following blacksmith fabrica- 
tion, subsequent distribution and sales are 
centralized again. This effectively eliminates 
the possibility of rapid farmer-blacksmith 
feedback, since farmers do not know which 
blacksmith actually made the particular im- 
plements bought from the central depot. One 
suggestion has been to encourage each black- 
smith to put his name or logo on the equip- 

Harnessing and implements for animal traction 
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ment he products (Starkey, 1988). This would 
allow trach blacksmith to develop his own 
reputation for implement quality and pexfot- 
mance. If blacksmiths were to identify their 
products in this way and if farmers could be 
allowed to exercise choice, the resulting com- 
petition between blacksmiths might be most 
valuable in stimulating the rapid evolution of 
the individual blacksmith enrerprises and 
equipment quality and design. As noted in 
Chapter 6, variation in equipment design 
combined with farmer selection and rejection, 
would seem to offer the best prospects for the 
rapid evolution of harnessing, implements 
and, cven;ually, entire farming systems. 

It remains to be seen whether the blacksmith 
schemes wiil be allowed to develop with rapid 
farmer-blacksmith feedback and allow farmers 
the prospect of implement modifications and 
design. variation not available from centralized 
workshops. Despite the very imaginative 
blacksmith-network being dev$oped, innova- 
tion and progress could easily be smothered 
by centralized organization or the imposition 
of equipment designs selected by central 

workshop management. However the mere 
fact that some blacksmiths have been pro- 
vided with tools and steel mav stimulate the 
development of animal-drawn implements. 
Some blacksmiths in southern Mali have ai- 
ready shown themselves to be highly itinova- 
tive: one developed a double-furrow muuld- 
board plow, while another experimented with 
a Super-Eco seeder and an old mopedlmoty- - 
lettc to obtain a self-propelled seeder. While 
neither of these innovatians succetded at the 
fist attempt (Gnd may never do so), they rep- 
resent a most encouraging example of ex- 
perimentation that c&Id eventually lead to 
the development of new and improved eqnip- 
ment, designed speciifically for local farming 
systems. 

Other artisanal schemes 
in another area of Mali, the OpCratian Haute 
VallCe @WV), supported by USAID, has 
used a different approach to achieve a similar 
objective to the CMDT-blacksmith pro- 
gramme. OHV has provided credit to allow a 
small, private, urban-based workshop to 
manufacture implements from imported kits. 

Fig. I I-I 7: Village carpenters in Zafke were trained to tnc&e ct-trts and wooden-beamed pioIys as part oj R small 
scheme to intr&ce nnitnnl traction ink.2 n new arca. 

Photo: Paul Starkey 
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Fig, 11-18: Wooden-beamed plow, jitted w& skid, in village in Z&&e. 
when tk pibw beam b* the jhrmer ra#diy made a new one from 

badYy mailable tkber (a&t not stmi@t). 

At the same. time blacksmiths ate being sup- 
ported to develop repair and maintenance ser- 
vices (Sidib6, 1589). 

On a much smaller scale, some nan-govern- 
mental organizations have tried tzr combine 
the introduction of animal traction with vil- 
lage-level implement production. For example 
one small NGO prog:amme in Zaire linked 
the introduction of animal traction with the 
training of village carpenters and blacksmiths 
to make and repair plows and carts and other 
implements (Starkey, 1984; Huybens et al., 
190, Fig. 11-17). The initial results of the 
project in terms of animal traction adoption 
and the ability of artisans to make and repair 
implements seemed most encouraging but the 
real test of such programmes will be their per- 
sistence and growth in the absence of external 
support. 

Blacksmith requirements 
Learning to make new implements or spare 
parts involves considerable investment in 
time. Village artisans are unlikely to make the 
necessary efforts to develop new skills and 
provide efficient maintenance and repair ser- 
vices unless there appears to -:c a reasonable 
market for their products. For this reason 
projects may well find it worthwhile to cluster 

---- -- I ..-..__. -_ 
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t$y : .&on efforts around villages 
or shall wvu that have suitable 
artisan. It may be that in such 
vii!qes, the use of particular im- 
plements or techniques will be 
able to develop with mutually 
sustainable artisanal support, 
and fraxn such established usage, 
diffuse out more widely. An al- 
teernat!ve strategy of @reading 
extension effort widely in the 
l&t insthnce could fail cvery- 
where through lack of “critical 
mass” of demand in any one area 
to warrant special artisanal 
services. 

In several parts of Africa where 
animal traction has become widespread only 
in the last thirty years (fqr example Sine Sa- 
loum, Senegal and southern MaK; a critical 
mass of consumer demand has obviously been 
reached, local markets are full of spares made 
by blacksmiths and comprehensive artisanal 
repair services are readily available. In ideal 
circumstances, the farmers should be able to 
afford tair prices for artisanal services that not 
only cover the costs of raw materials and 
workmanship, but also allow the artisans to 
invest in further materiaks, equipment and de- 
signs. Such an equilibrium is naturally de- 
pendent on prot!table farming systems, and 
the artisanal sector can be badly affected by 
poor harvests. It can also be seriously dis- 
rupted by cheap “food-aid” products depress- 
ing market prices and reducing farm profits. 
The informal, artisanal sector is particularly 
vulnerable to well-meaning animal-traction 
initiatives of “development projects”. The re- 
lcase of new, subsidized implements or im- 
ported spare parts into a project area can sud- 
denly undermine artisanal services. In con- 
trast, the provision in market towns of stocks 
of primary steel or suitable scrap, may actually 
stimulate village artisans, no longer con- 
strained by the time-consuming search for raw 
materials. 
-- -.~-~-- .~ .._. -.~-_ .- 
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Vii blacksmiths are aften not on@ con= 
strained by problems in obtaining raw materi- 
ats, but also by lack uf tools. Some excellent 
blacksmith training programmes in Botswana, 
Niger, Senegal and elsewhere have started 
with the trainees making their own tools from 
readily available scrap materials, In some 
areas it may be useful to provide blacksmiths 
with pctied or fiuancial mecb..m&q such 
as acazq to transport, stock depots q credit, 
to assist the purchase of both tools and ma- 
terials. In the long term providing credit to 
blacksmiths could be at least as important as 
giving farmers credit for implement pur- 
chases. However the same materials and skills 
required to make animal traction equipment 
can alsa be used to make other commodities. 
It is unreasonable to expect blacksmiths to in- 
vest their time and money making plows and 
plowshares if it is not profitable, or-if a signi- 
fieant.Iy. greater return to their inw is&;ir-snt can 
be achieved my making window grills or re- 
pairmg “bush taxi& 

11s Further reading and 
information sources 

Some examples of &sanal programmes from 
francophone Africa were described by CEE- 
MAT (Wl), ~.%OtCEEMAT (1972) and Le 
Thiee (1985). An illustrated manual and film- 
strip giving information on techniques for re- 
pairing animal traction equipment have been 
produced in Burkina Faso (FAO, 1983). A 
more comprehensive handbook is being pre- 
pared by CEEMAT (1989). Policy issues relat- 
ing to the supply and manufacture of animal 
traction equipment have been discussed in 
general terms by Inns (1980), UNIDO (1983), 
Uzureau [1984), Imboden (1984), DLG 
(1987) and Gifford (1988). Case histories dis- 
cussing the local fabrication opticns for par- 
ticular countries or areas have been prepared 
by IL0 (1983 a-g), Muchiri (1983), de Co- 
ninck, Duncan and Winter (l984), Silsoc 
(1986), ILO (1987a-d), Harouna and Imbodea 
(1988), Dibbits and Sindazi (1989), Kanu 
(3%)) and Fall (1989). Further references on 

the subject are given in CTA-CEEMAT 
(1989). 

A list of some of the workshops manufactur- 
ing animal traction implements k: Africa is 
given in the Appendix Research-development 
organizations working closely wi& some of 
these medium-scale equipment manufacturers 
include: FMDU, Botswana; Projet-FAO, 
Niger; Mbeya Oxenization Project, Tanzania; 
PROPTA, Togo; and Animal Draft Pro- 
gramme, Zambii. 

There have been numerous schemes in Africa 
to develop and compiement artisanal services. 
Several large-scale initiatives to develop 
blacksmith equipment production have been 
undertaken in Mali. These have been briefly 
described by St‘trkey (1988), Gueguen (1989) 
and S&b& (1989). More detailed information 
can be obtained from organizations in Mali 
including CMDT, DRSPR, OHV and Projet 
Arpon. Other organizations in Africa working 
closely with blacksmiths include: COBEMAG, 
Benin; RIIC, Botswana; Universitd Hassan II, 
Morocco; Projet FAG, Niger; ENDA, Sene- 
gal; WSDC/JMRDP/Nuba Mountains, Sudan; 
Projet Rural, Zaire. 

The addresses of the organizations cited in 
this chapter are provided in an Appendix. 
Further details about manufacturers of animal 
traction implements in Africa, as well as pro- 
grammes involving blacksmith training/sup- 
port, are provided in the GATE Animal Trac- 
tion Directory: A%ca (Starkey, 1988). 

The manufacture of animal traction equip- 
ment in workshops is an area of specialist in- 
terest of UMDO, Austria. Blacksmith train- 
ing and support in relation to animal traction 
are subjects of significant interest to: CEE- 
MAT, France; the Agricultural Services Divi- 
sion of FAO, Italy; Dutch Technical Cooper- 
ation, The Nethcrktnds, the Iutetnational La- 
bour Organisation (ILO), Switzerland; Swiss- 
contact, Switzerland; and ITDG, UK. The ad- 
dresses of these organizations are provided in 
an Appendix. 
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Abkeviations and acronyms 

ACEMA tQ!sceltion Euro-mne des Cal- 
tres de Mtcaairatioct Agricde, 
Cameroon s&d Free 

AnAB Australian ceme for Im!trnatiQnal 
Agricultural Rescad, Australia 

AClAR-DAP ACIAR Draught Animal Power Pro- 
ject, Tow&& Australia 
Ateiier de c=omtructioa et de Repar- 
ations de Mattriel Ag&Qle, Niger 
Agricultural Development and Mar- 
keting Carporation, Malawi 
Animal Draft Power Pwgrarnme, 
Minisy of Agriculture, Zambia 
Animal Draft Psuer Research and 
F W-s Magoye, 

Agricultural Engineering Training 
thNre,zimbabwt 
Atelicr de Fabrication de Materiel 
Agricok, Niw 
Agriculture and Food Research 
CMlncil, UK 
AFRC Institute of Engineering Re- 

w-4 search (farmcrly NIAE!), Shoe, UK 
AkW 

AGS 

AIRIC 

AMRDU 

ARPON 

AT 
ATIP 

BBF 

BDPA 

Association Fran@se dea Volon- 
t@res du Progrits, France 
Agricultural Services Division of 
FAO, Italy 
Agricultural Implement Research 
and Improvement Centre, Nazareth, 
Ethiopia 
Agricultural Machinery Research 
and Development Unit, Zambia 
Cellule de I’Artisanat Rural et Ma- 
ch&me Agricole, Niger 
Amelioration de la ticulture pay- 
same 3. I’Offke du Niger, Mali 
Appropriate Technology 
Agriwltural Technology Improve- 
ment Project, Botswana 
Broad-bed and furrow (system of 
cultivation) 
Bureau pour le Developpement de la 
Production Agricole, France 

BRT 

BTC 

CAMBRTEC 

CATMI 

CDARMA 

Cm 

CEEMAT 

B@xive Rural Technology, Switzer- 
land 
Bfxyivana Technology Centre, 
Botswana 
Centre for Agricultural Mechaniza- 
tion and Rural Technology, Tanzania 
Camerounian Agficulturrrl Tools. 
Manufacturing Industry, Cameroon 
Centre de Dt%eloppement Artisanat 
Rural et Mwhinlsme Agricule, Niger 
Centrc d’Etudes et d’E&ais de 
Machinisme Agricole, Madagascar 
Centre d’Etudes et d’Exp&imenta- 
tion du Machinisme Agricole Tropi- 
cal, Frarr 

CEMAC 

CIAE 

CIMMYT 

ClPE4 

CMDT 

CNEA 

COBEMAG 

COMAG 

Ceara Maquinas Agricolas S/A, Fort- 
aleza, CE, Brazil 

CPATSA 

cm 
CU.tt 

CY 

Ocntral Institute of Agricultural En- 
gineering, Bhopal, India 
Centro Intemacional de Mejora- 
miento de Mah y Trigo, Mexico 
Centre International pour I’Elevage 
en Afrique (RCA), Ethiopia 
Compagnie Malienne pour le D&et- 
oppcment dcs Textiles, Mali 
Centre National d’Equipement Agri- 
cole, Burkina Faso 
Coop&ative BWnoise de Materiel 
A&ricole, Benin 
So&d Malgache des Constructions 
M&alliques et du Materiel Agricole, 
Madagascar 
Centro de Pesquisa Agropecuaria do 
Trapico Semi-Arido, Petrolina, Brazil 
Centre for Tropical Veterinary Me- 
dicine, Edinburgh, UK 
centimetre (unit of length) 
cubic foot (unit of volume, approxi- 
mately equivalent to 28 litres) 
cheval vapeur (horse tJower; unit of 
power approximately equivalent to 
0.75 kW or 1 hp) 

DAP draft (or draught) animal power 
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DLG 

DRSPR 

d 
dRl 

E 
w 

Em 

EMBRAPA 

ENDA 

P 
PA@ 

FMDU 

FRG 
mmT 

fz 

G 

GATE 

GOM 

GRDR 

Dcutacht v 
(German Agrkuhural society), 
Frankfit& IWmil Rep&tic of 
Germany) 
I)ivisadr!Red#rcbessurks~ 
thcs de Productim RuraIe, Mali ’ 
day 
deataewrmr (unit of force appmxi- 
mate& equivalent to 1 kg weight) 
EQ~kQgultgcpMhlicad~ 
Iwlicatioa avaikbk tn separate 
EnglishandFrcncheditions 
single puhficatioQ, partly ill Ell&m 
anQartiyiQFnnch 
Evaluation of Farming Syetems and 
Agricuhural Implements Project, Ga- 
-*- 
Empfesa-depesquisaAg- 
Popqcuaric.mrrrailia,M 
Ihmwnent and Development in 
ClE7hildWarkt,tkllt?@ 
FkcQch Iallguagc pubtiattion 
Food and Agriculture Organization 
of the United Natkuts, Rome, Italy 
Farm Machinery Development Unit, 

Federal Republic of Germany 
Federation suisse d’e(cvagt de la 
race tachetk twgc* Switzerland 
fmr (me8Wement apptwumately 
equivalent to 30 cm) 
GclTQanlMguagepublication 
Gambitm Agricultural Research and 
Divcr8ificalion Project, Ibt GamMa 
German Appropriate Technology 
-a GTZ -m=y FW 
Geest Werseaa Mechanisation Ltd, 
UK 
Groupc~ de rec&eh ct rfc Wisa- 
ths pour k ct&Wppcmcnt rural 
dansktkrsmonck,Flancc 
Gmupe de Recherche et d’Echanges 
TechnoQ&u~France 
Deutsche Gesemh fur Techni- 
she zusammenarbeit GmbH, 
Federal Republic of Germany 
gram (unit of mass) 

how== 
International Agricultural Develop- 
ment 

ICRlSAT 

Institute of Agricuitural Engineering, 
zimbahwe 
Institute of Agricultural Research, 
m 
International Crops Research In- 
atitute f@ the Semi-Arid Tropics, 
India 
Institut d%levage et de MCdecine 
V&&it&e des Pays Tropicaux, 

IITA 

IIacA 

IL0 

INRA 

IRRI 

SC 
ISRA 

IT 

International Institute of Tropical 
Agriculturq Nigeria 
Intcrnaticmal Livestock Centre for 
Africa, Ethiopia 
International Labour Organisation, 
Switzerland 
Institut National de la Recherche 
Apnomique, Settat, Morocco 
International Rice Research In- 
stitute, Manila, Philippi,res 
ICRISAT Sahelian Centre, Niger 

l Iastitut St!nQalais de Recherches 
Aglicoks, Senegal 
Intermediate Technology 

IT-‘franapart Intermediate Technology Transport, 

ITDG 

ITP 

4 

J 
JMRDP 

z 

w 
km 
kN 

kph 
LENCO 

t 
lb 

Ibf 

WAC 

UK 
Intermediate Technology Develop- 
ment Group, UK 
Intermediate Technology Publica- 
tiys, London 
imperial (system of weights and 
measures once widely used in Britain 
and elsewhere) 
joule (unit of work or energy) 
Jebel Mam Rural Development 
Project, Sudan 
kilogram 
kilogram force (unit of force approx. 
equivalent to lkg weight or 10N) 
kilojoule (unit of work or energy) 
kilometre 
kilonewton (unit of force approxi- 
mately equivalent to 100 kg f) 
kilometres per hour 
Lusaka Engineering Cfqqf, 
Zambia 
litre 
pound (unit of mass approximately 
equivalent to 0.45kg) 
pound force (unit of force approxi- 
mately equivalent to 0.45kg weight) 
MidAmerica International Agricultu- 
ral Consortium, USA 
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Abbraviations and acronym-t 

M3 
IUOA 

m 
mm 

mpa 
N 

NGO 
NIAE 

Nm 

OAU 
OHV 
P 
PAFSAT 

PlLD. 
PP 
PROVFA 

WC 
RIIC 

RNAM 

RTDU 

r.pm 
SADCC 

SAFGRAD 

SFMP 

SFP 

SlSCOMA 

megajoule (unit of energy or work) 
Mii of Agriculture 
Master of Science, university degree 
metre 
millimetre 
miles per hour 
newton (unit of force approximately 
equivalent to 0.1 kg weight) 
Nongovernmental organization 
National Institute of Agricultural En- 
gineetin& UK 
newton metre (unit of work or en- 
ergy equwalent to 1 joule) 
Organization of African Unity 
Opt3ation Haute Vall&, Mali 
Portuguese language p&cation 
Project for Promotion of Adapted 
Farming Systems based on Animal 
Traction, Cameroon 
Doctor of Philosophy degtze 
Projet Producti&, Niger 
Projet pour la Promotion de la Trac- 
tion Animale, Togo 
polyvinyl chloride (synthetic material) 
Rural Industries Innovation Centre, 
Botswana 
Regional Network for Agricultural 
Machinery, Las Bsflos, Philippines 
Rural Technology Development 
Unit, Kenya 
revolutions per minute 
Southern Africa Development Coor- 
dination Conference 
OAU Semi-Arid Fwcl Grain Re- 
search and Development, Rurkina 
Faso 
Small Farm Mechanization Pro- 
gramme, Nakuru, Kenya 
Small Farm Program (Tillers Small 
Farm Program, Michigan, USA) 
&xi&e Industrielle Senegalabe de 
Constructions Mecaniques et de Ma- 
teriels Agricoles, Senegal 

SISMAR 

SMECMA 

lqw= 
TAMTU 

TIRDEP 

TROPIC 

TUB 
t 
UCOMA 

UFI 
UK 
UN 
UNDP 

UNIDO 

UPROMA 

USA 
USAID 

USOA 

VITA 

W 
W. 
WADA 

WOP 

WSDC 

WC 

yd 

ZZK 
v 

&i&t Industrielle Sahelienne de 
M&aniques, de Matbiels Agricoles 
et de Reprbxxtations, Senegal 
Sock% Malienne d’Etude et de Con- 
struction de Materiel Agricole, Mali 
second 
Tanzania Agricultural Machinery 
Testing Unit, Tanzania 
Tanga Integrated Rural Develop- 
ment Programme, Tanzania 
!Soci&C camerouna.ise de metallurgic, 
Cameroon 
Technische Univenitat Berlin, FRG 
tonne 
Unite Construction Materiel Agri- 
mle, Niger 
Ubango Farm Implements, Tanzania 
United Kingdom 
United Nations 
United Nations Development Pro- 
gramme, USA 
United Nations Induwial Develop 
ment Organization, Austria 
Unit4 de Production de Materiel Ag- 
ricole, Togo 
United States of America 
United States Agency for Interna- 
tional Development, USA 
Usine des Outillages Agricoles, Gui- 
nea 
Volunteers in Technical Assistance, 
USA 
watt (unit of pa”er) 
west 
Wum Area Development Authority, 
Cameroon 
Work Oxen Programme, Sierra 
Leone 
Western Savannah Development 
Corporation, Sudan 
wheeled toolcarrier 
yard (unit of length approximately 
equivalent to 0.9 metre) 
Zana e Kilimo, Mbeya, Tanzania 
inch (“pouce” in French) measure- 
ment unit equivalent to about 25mm 
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w&u 

ard 

Ariana 

BBF qa&m 

boviae 

%idk 

bruad-br!ds 
bund 

a multipurpwz toolbar designed by 
Project Equipment, UK 
=w-w9* 
a multipurpose toolbar manufac- 
tured in Benin, Niger, France (So- 
ci&f5Arara)and@lsewhere. 
rymmetrical plw withaut mould- 
boatd, usuauy oftraclitdonal wooden 
desiga 
muhipurpose rectangular toolframe 
designed by Jean Nolle, intetmediate 
between simple toolbar and wheeled 
tookxtrrier. 
teamofanimats(q. ’ 
broadbed and furrow system of culti- 
vation on lafge flat ridgea 
-m cultivation implement 
widelyusedinAs@basedonnarrow 
horizontal Made (sweep) that passes 
through soil surface. 
a species of cattle, typified by 
presence of hump; includes most 
breeds from Asia and tropical Africa. 
a spfxies of cattle, typifd by ab- 
sence of hump; including most 
“European” breeds. 
relating ty cattk species; sometime 
used as a collective noun fat these. 
term sometimes used to refer to the 
stronger ard plows. 
part of a harnessing system; a strap 
or cord that passes bahind an animal, 
and prevents harness moving forward. 
during braking: 
part of a ham&g system; straps or 
cords that pass around head of 
animal. 
large flat riages 
a ridge used to control water flow. 
earthing-up ridger (F). 
a multipurpose toolbar manufac- 
tured in Mali, similar to Houe Sine. 

collar 

coulter 

awpMngs 

digger bedy 

d&se1 boom 

duckhot 
share 

dynam* 
meter 

HpiIle 

ergometer 

evener 

* 
fOtWCUITiagc 

fowlwad- 
YOb 

part of a harnessing system; a 
pC!ed !I 3r Ushapeddevice that 
tits itrci~3d 13~ wick of animal and 
rests around the ‘%houlder c’ - 
knife- or disc-shaped attachtrleitt to a 
plow that cuts vertical& into tht: soil 
and any vegetation immediately in 
fkont of plowshare. 
haraessing straps or ropes linking a 
pair of animals and preventing them 
moving apart. 
plow body with a short, upright 
mouldboard that breaks up the soil 
as it turn!!! 
long traction shaft of cart or pole- 
drawn implement 
broad, triangular share (often about 
1SQmm wide) set almost horizontally 
for cultivating or weeding 
instrument for measuring force. 

, 

relating to horses, donkeys and 
mules; sometimes used as collective 
noun for these species. 
instrument for measuring work 
(measures force and distance) 
pieces of wood arranged at right 
angles to direction of movement be- 
tween the harnessing traces and an 
implement; since the point of power 
offtake is not central, they can be 
used as levers to combine the efforts 
of two or more animals of dissimilar 
strength. 
two wheels supporting the front of a 
plow; seldom used in Africa. 
an uncommon yoking system in 
which yoke is attached in jivnr of the 
horns of an animal. 
shaped central element of mould- 
board plow body, to which share, 
mouldboard, landside and beam are 
bolted. 
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Glossary 

hake 

hatter 

hawt? 

htcra yoke 

htcl 

Hour- 

a second wheel, usually larger than 
#ekmdwheel,usidinsomepknvsto 
provide additional stability. 
front ,pmt of plow to which draft 
chainmayatlach 
part of harness@ system; strap or 
rope tied around head of an animal 
to ll!aist mntrol. 
rigid vertical bars ott either side of an 
animal to which traces are attached; 
the hames are separated from the 
animal by a collar or pads. 
harness(F). * 
yoke fixed behind the head of an ani- 
mal, tied xt the horns; synonymous 
with horn yoke. 
rear end of the landside of a plow, 
that assists stability and pitch control; 
a wearing part that may be detach- 
able and replaceable. 
cultivator or weeder (I$ some multi- 
purpme toolbars were developed pri- 
marily as cultivators. 
a design of small cultivator and 

~ldentate multipurpose toolbar that can be 

Houe- 
salolun 

Houe- 
SinC 

Hose- 
ManEa 

horn yoke 

. 

horsePower 

used with donkeys and horses; manu- 
factured and used in West Mica. 
a design of multipurpose toolframe, 
that preceded the Ariana. 
a design of multipurpose toolbar de- 
signed by Jean Nolle; widely used 
and manufactured in West Africa. 
a design of small cultivator/weeder 
with adjustable width settings manu- 
factured in West Africa that can be 
used with single donkeys, 
yoke llxed behind the head of an ani- 
mal, tied to the horns; synonymous 
with head yoke. 
unit of power, approximately equival- 
ent to 0.75 kW. 
ydre 0. 

horn ar head yoke (F). 

withers yokes [F). 
horn or head yoke (literally neck 
yokel (Ei. 
horn or head yoke @. 
forehead yoke (F). 
a design of multipurpose toolbar de- 
veloped by Jean Nolfe that uses a 

landside 

metoboli~ 
energy 

marrobc0u-r 
mote 
muuldboard 

mouldboard 
PlM 

N’Dama 

neck yoke 

newton 

Nikart 

nomlnol size 

Pecutool 

pitching 

Policultor 
3lM 

Pokjw!ukeau 

powe 

power 

long beam rather than a traction 
ChAtI. 

the part of a mouldboard plow body 
that .runs in the fumiw; it assists 
plow stability b reducing pitching 
and by offsetting the lateral forces 
associated with the asymmetrical in- 
version of the soil (to one side only). 
circular animal-powered device for 
driving stationary equipment [literally 
roundabout] (F). 
local name for the ard commonly 
used for plowing in. the Ethiopian 
highlands. 
energy required or used to maintain 
normal cell or body functions. 
single ox (F). 
type of water raising system 
shaped piece of metal or wood de- 
signed to dirt soil to one side of a 
ShtWL 

plow with a mouldboard fitted; the 
design is asymmetrical, as soil is 
diverted to one side only. 
breed of small, humpless cattle fotind 
in West Africa; relatively tolerant of 
the disease trypanosomlasis. 
a confused term that should be 
dropped since some authors have 
used it to refer to head/horn yokp 
and others to refer to withers yokes. 
unit of force, approximately equival- 
ent to 0.1 kg weight 
a design of wheeled toolcarrier, de- 
veloped by ICRISAT and AFRC- 
Engineering. 
yoking term; the distance between 
[the centres ofl two yoked animals. 
design of multipurpose toolbar 
manufactured on small scale in Sier- 
ra Leone and Tanzania. 
the rotation of a body in a vertical 
plane parallel to the direction of for- 
ward movement; “up and down” 
movement of an implement. 
design of multipurpose twlbar 
manufactured in Brazil; based on 
Houe Sine. 
wheeled toolcarrier (F); specific de- 
signs of wheeled toolcarrier de- 
veloped in Senegal in the 1950s and 
1960s. 
inch (F). 
the rrue of doing work. 
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saddle 
P 

?3hst 

super EC0 

strad 

implement for break@ up and mix- 
ing (puddling the top qil of a 
Moded rice cpaddy”) field. 
rtm marker (F). 
strong ,tine wed to break up hcav$ 
so& 
therotationofabodyinavertical 
plane at right angles to the directian 
of fonmd movement; the “tipping 
over” tnmcment of an implemear. 
partofamlyingcwertheback 
of an animal that sup@orts a back 
load or strap. 
seuthrid zone to the south of the 
Sahara Desert. 
traditboal animal-powered water- 
caisin~&viceusedinEggpt. 
a term sometimes appliexl to an ard 
P@f- 
plow body with a fairly short and up 
right mouldlmard that tends to break 
upthesoilasitturm. 
mouklboard shape that produces a 
more gradual soil inversion than a 
semi=di~r. 
the combined territories of Senegal 
and The Gambia. 
the wearing blade of a plow or simi- 
lar implement. 
yoke resting on the “withers” of an 
animal abox the shoulders. 
a term used in southern Africa for 
the vertical wcuxlen pegs that form 
partofayoke; 
a supporting part of an implement 
designed to pass easily over the 
ground surfac4q an alternative to a 
wheel, which may be made of wood 
or curved steel. 
a design of seeder manufactured in 
Senegal and quite widely used in 
west Africa. 
an r-n%%-the-row weeder, designed for 
ridge cultivation in Nigeria, with two 
or more gangs of rotating tines. 
tern used in’southem Africa for 
teather harnessing thongs. 
moulddboard plow design without a 
furrow wheel or skid to support the 
l=m. 

mingle me 

taurlne 

three ped 
coilar 

tines 

hacts 

Triangle 

Troplcultor 

turn-wrest 
PlM 

Uaibar 

verti!ml 
Wb&ld 

toolcarrier 

whlppletme 

withers 

Pwb! 

horizontal bar to which harnting 
traces attach, the bar keeps the 
traces separated, and transmits the 
force to an evener or implement. 
Ptar taums type of cattle, including 
“European” breeds and some West 
African humpless breeds such as the 
N’Dama. 
type of harnessing system using two 
shoulder pads attached to rigid 
harms and a top withers pad. 
the soil-contactittg descending bars of 
a cultivator or teeth of a harrow. 
the traction ropes, straps or chains 
that pass either side of an animal and 
transmit the force 6rom animal to im- 
pImum. 
a design of multipurpose cultiva- 
tor/weedcr used in Burkiaa Faso and 
TOgO. 

one of Jean Nolle’s designs of 
wheeled toolcarrier, further de- 
veloped by ICRISAT. 
xversible mouldboard plow 

a prototype design of multipurpose 
toolbar developed by Project Equip- 
ment, UK, in the 19609. 
heavy black soil, “black cotton soil”. 
multipurpose implement based on a 
tensverse toolbar supported by two 
wheels, the toolbar accepts a variety 
of implements including (in many 
cases) a cart body. 
swingle tree; horizontal bar to which 
harncssing tracea attach; the bar 
keeps the traces separated, and 
transmits the force to an evener or 
implement. 
that part of the back of an animal 
that is over the shoclders and directly 
above the first thoracic vertebrae. 
the rotation of a moving body in a 
horizontal plane; the “side to side” 
deflection of an implement moving 
forward. 
strong bar, usually made of wood, 
which an animal can push against in 
order to pull an implement. 
type of Bos indicur humped cattle. 

Note: (F) indimes a French word. 
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Addresses of some organizations cited 

l&e fOrowing annotated address list contairis the names and addresses of some of the “resource” 
oqzniz&ms cited some of the projects mentiorted in t1te previous chapten and some of the manu- 
factwws of animal tnxtiotr implements in Africa. TIte mention of manufacturers here does not con- 
s&we an endorsement of any pnnkts. while the information is provided in good faith, changes are 
mpid in this $ield and the accumcy of ihe addwses and desctiptions cannot be guamnteed Funher 
d&&r of ~izations in stfiicq are to be found in the GATE Animal Tmction Directory: Africa. 

AtlSDdip 

ACIAR-Draught Anlmd Fuwer Project, 
Graduate School of Tropical Veterinary Science, 
James Cook University, Townsviile 4811, 
QueelulaM1, Australia Telex 47009 UNmwN AA 

The Coo&nation Unit of the ACIAR-supported 
Drnught Animal Power Project is based at James 
Cook Wniversity. Research topica include the nu- 
trition of waking buffaloes and small numbers of 
fistulated buffaloes have been traiaed for work. 
Other areas of research interest include health and 
reproduction and farming systems research relat- 
ing to animal traction. The DAP Project liaises 
with draft animal programmes in several southeast 
Asian countries, and has particularly strong links 
with research programmes in Indonesia. It pub- 
lishes the DAP Project Bulletin twice a year. It as- 
sisted the convening of the second ACIAR inter- 
national workshop on draft animal power in In- 
donesia in 1989. 

Austria 

United Nations Industrial Development 
Orgaoization (UNIDO), 
Vznna International Centre, P.O. Box uw), 
A-1400 Vienna, Austria Telex: 135612 

UNIDO is a UN agency with particular interest in 
developing local industries, including the manufac- 
ture of animal traction equipment at factory, 
workshop and village blacksmith level. It has sup- 
ported networking in Asia (RNAM) and Southern 
Africa (SADCC countries). It has published direc- 
tories of organizations concerned with the devel- 
opment and production of agricultural imple- 
ments. 

&IgiUlU 

Commission of the European Communities 
(EC, EDF, FED), 200 rue de la Loi, 
B-1049 Brussels, Belgium Telex: 21877 COMEU B 

The European Community finances a large num- 
ber of rurdl development projects in Africa, and 
elsewhere, many of which have draft animal com- 
ponents. 

Bealn 
Coop&ative Bdninoise de Materiel Agricole 
(COIIEMAG), B.P. 161, Parakou, Benin 

The parastatal COBEMAG, established with 
UNDP support, is the major manufacturer of ani- 
mal-drawn equipment in Benin. Organized as a 
cooperative, it delegates much of its fabrication 
work to blacksmiths in different villages. In recent 
years it has received technical support from FAO, 
but lack of capital to purchase raw materials has 
restricted the production runs of the main items, 
Arara multipurpose toolbars and ox-carts. 

Botswana 

Farm Machinery Development Unit, 
Sebele Agricultural Research Station, 
Private Bag 0033, Gaborone, Botswana 

Telex: 2752 SACAR BD 

The Farm Machinery Development Unit (FMDU) 
and the earlier EFSAIP have tested and de- 
veloped animal traction equipment. Several 
wheeled toolcarrier designs were evaluated during 
the period 1971-1983, but none was found appro- 
priate for small-farm conditions. Tine-tillage tech- 
niques were tested for several years but it was mn- 
eluded that deep mouldboard plowing and rapid 
planting were most appropriate. Therefore a corn- 
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Addresser 

bined plow-planter, comprising a simple seeder at- 
tached to a conventional plow, was developed and 
is being promoted. 

Agricultural Technology Improvement Project 
(ATIP), Department of Agricultural Research, 
Private Bag 0033, Gaborone, Botswana 

Farming systems research project, supported by 
IXSAID, that includes work on cultivation 
strategies using draft animals and supplemental 
feeding. 

Rural Industries Innovation Centre (RIIC), 
Private Bag 11, Kanye, Botswana Telti 2435 BD 

RIIC is an appropriate technology organization 
and part of Rural Industries Promotions, ‘a non- 
profit development organization supported by gov- 
emmcnt grants and aid agencies. Work includes 
blacksmith training and small-scale equipment re- 
search, development and manufacture. It has de- 
veloped first and semnd generation prototypes of 
donkey-powered water pumps. It manufactures 
small numbers of seeders and plow-planters, and 
has been cooperating with a network of several 
small workshops in developing the production of 
these implements in several parts of the country. 

Southern African Centre for Cooperat,ion in 
Agricultural Research (SACCAR), 
Private Bag 00108, Gaborone, Botswana 

Telex: 2752 SACAR BD 

SACCAR facilitates liaison in agricultural research 
within the nine member states of SADCC. Animal 
traction is one of SACCAR’s areas of interest. It 
sponsored a regional workshop on animal traction 
in 1987. 

Bldl 
CEMAG Ceara Maquinas Agricolas S/A, 
Av. Gaudioso de Carvalho, 
217 Bairro Jardim Iracema, C.P. D79 CEP 6OOfKl, 
Fortaleza, CE, Brazil. 

Telex: (tl85) 1533 CMGL BR 

Manufacturer of agricultural equipment including 
a range of animaldrawn multipurpose toolbars 
and wheeled toolcarriers based on Jean Nolle’s de- 
signs 

Empesa Brasileira de Pesquisa Agropecuaria 
(EMBRAPA), C.P. 04-0315, Brasilia-DF, Brazil 
tintro de Pesquisa Agropecuaria do Tr?pico 
Semi-arid0 (CPATSA), CP 23, Petrol@ 
Pemambuco, Braxil 

EMBRAPA is the national agricultural research 
organization of Brazil responsible for numerous 
specialized ceatres and research stations. CPATSA 

is a regional research unit specializing in the semi- 
arid parts of the country where there is most 
potential for draft animals. Research with animal 
traction has included the development of wheeled 
toolcarriers, ridge-tying implements and injection 
seeders. 

Burkha Faso 
Centre Nationale d’Equipement Agricole (CNEA), 
B.P. 7240, Ouagadougou, Burkina Faso 

Manufacturer of animal traction equipment. Its 
network of two large and nine small workshops in 
several parts of the country has been reduced for 
fmancial and logistical reasons. Main products are 
simple plows and triangular cultivators, often still 
kncnvn by the previousacronym ARCOMA. 

SAFCRAD, B.P. 1783, Ouagadougou, 
Burkina Faso Telex: 5381 SAFGIHP 

The Semi-Arid Food Grain Research and Devel- 
opment (SAFGRAD) programme of the Organix- 
ation of African Unity has a farming systems re- 
search team and has been working with animal * 
traction in Burkina Faso. It has developed, in co- 
operation with IITA, a prototype animal-drawn 
ridge tying implement. SAFGRAD acts as host or- 
ganixation to a number of research networks in 
Africa, including the West African Farming Sys- 
tems Research Network (WAFSRNiRESPAO). 
In 1989 SAFGRAD offered to act as host to the 
secretariat of the West Africa .Animal Traction 
Network. 

Cameroon 
PAFSAT (Project for Promotion of Adapted 
Farming Systems based on Animal Traction in lhe 
N. W. Province of Cameroon), Northwest 
Development Authority (MIDENDO), 
B.P. 558, Bamenda, Cameroon 

Animal traction project that has been working on 
farming syslems development involving animal 
traction. Emphasis has been placed on contour 
farming, and women’s groups have been encour- 
aged to adopt zaimal traction. Activities have in- 
cluded farmer training, equipment evaluation and 
the development of an animal-drawn knife roller 
to clear smail farms. 

TROPIC, SociCte camerounaise de metallurgic, 
B.P. 706, Douala, Cameroon Telex: 5316 KN 

Manufacturer of a range of animal traction equip- 
ment including mouldboard plows, multipurpose 
loolbars and carts. 

Camerounian Agricultural Tools Manufacturing 
Industry (CATMI), Bamenda, Cameroon 
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Smali manufacturer of implements including plows 
and prototype weeder rollers. 

Ethiopia 
fnstitute of Agricultural Research (JAR), 
P.O. Box 2003, Addis Ababa, Ethiopia 

IAR has many programmes and cooperating sub- 
ccntres and its work includes several collaborative 
animal traction research programmcs with ILCA. 
The Agricultural Engineering Department has 
been carrying out research relating to animal trac- 
tion for ten years and current topics of mrch 
include the evaluation and development of imple- 
meats for secondary tillage, land levelling, and 
seeding. fAR has an Agricultural Implement Re- 
search and Improvement Centre at Nazareth, 
which receives technical support from F40. 

International Livestock Centre for Africa @CA), 
P-0. Box 5689, Addis Ababa, Ethiopia 

Telex: 976-21207 ILCA 

ILCA is an international research centre, with its 
headquarters in Ethiopia ILCA has a very strong 
interest in draft animals and has a specific animal 
traction research “thrust”. Studies on draft animal 
nutrition, equipment and systems of utilization 
have been carried out bl; Ethiopia, Niger, Nigeria 
and Mali. ILCA’s library contains numerous dctcu- 
mcnts relating to draft animals which have been 
listed in its animal traction bibliographies and bib- 
tiographic databases ILCA’s information depart- 
ment may assist research scientists in Africa to ob- 
tain photocopies or microfiihes of relevant docu- 
ments, ILCA axn=dinates an Animal Traction Re- 
starch Network which aims to stimulate collabora- 
tion between different national and international 
research programmes. The network started pub- 
lishing a newsletter in 1988. ILCA has produced 
several publications relating to animal traction. 

F- 
Centre de Recherches CIRUI, 
Avenue du Val de Montferrand, 
B.P. 5035-34032, Montpcllier Cedex, France 

The agricultural research organization CIRAD 
(Centre de Coo@ration Intemationale en Recher- 
the Agronomique pour le Dt!veloppement) has 
several institutes working on animal traction to- 
pics. Its main “Agropolis” campus is in Montpel- 
tier, and most CLRAD organizations including In- 
stitut de Recherches Agronomiques Tropicales 
(IRAT) and CEEMAT will be based there in the 
future. The CIRAD has hosted several seminars 
relatiag to animal traction and its Service de Do- 

eumetitation has produced three an&al traction 
bibliographies in conjunction with CTA and other 
CIRAD organizations (CEEMAT, IRAT, 
1-e 

Centre d’Etudes et d’Exp&imentation du 
Ma&i&me Agricole Tropical (CEEMAT), 
Part de Toutvoie, 92160 Antony, France 

Telex: 2012% CEEMAT F 

CEEMAT is an agricuitural engineering research 
and training institute sponsored by the French 
government through CIRAD. CEEMAT has long 
been associated with the development of animal 
traction, most notably in francophone Africa, but 
also in several countries in Asia and Latin Ameri- 
ca. Work includes the design and testing of alter- 
natives to mouklboard plows including animal- 
drawn tines and rolling cultivators, economic 
studies, an animal traction bibliography and gui- 
delines for rural workshops. It produces the quar- 
terly journal Machinisme Agrimle Tropical. CEE- 
MAT also provides the European Secretariat for 
the agricuhural engineering network ACEMA 
(Assocition Euro-Africaine des Centres de Mech- 
anisation Agricole). The African Secretariat of 
ACEMA is based in CENEEMA in Cameroun. 

Institut d’Elevage et de Mcdecine Veterinaire des 
Pays Trapicaux (‘IRMVT), 10 rue Pierre-Curie, 
94704 Maisons-Alfort Cedex, France 

Telex: 262017 IEMW F 

IEMVT is a veterinary and animal production in- 
stitution financed by the French government 
through CIRAD. IEMVT has undertaken studies 
relating lo draft animals in several ftancophone 
countries. 

Groupe de Rccherche et d’Echanges 
Technologiques (CRET), 213 rue La Fayette, 
75010 Paris, France Telex: 212890 F 

GRET is a centrc for information exchange relat- 
ing to research and development on appropriate 
technologies, including animal traction. GRET has 
many network contacts in France and developing 
countries, and it publishes a networking newsletter 
Recherche et Dbeloppement. It has a documen- 
tation centre and produces books and technical 
pamphlets, which include publications on harness- 
ing, animal powered pumps and animal traction 
equipment. 

Groupe de recherche et de r&alisations pour le 
dcveloppement rural dans le tiers monde (GRBR), 
8 rue Paul-Bert, 933CMl Aubetillicrs, France 

GRDR is an NGO working in development re- 
search and training, both in France and in several 
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West A&an count&s. Research activities in co- 
operation with GRET, IT-Della, ENDA and 
other organizations include the development of 
animal-powered water pumps. It has produced 
animal traction publications in cooperation with 
GRET and FAO. Practical training .with working 
animals and animal-powered pumps is given bt its 
training farm in France. 

Iastitut Tcchnologique Del10 (IT-Della), 
Le Moulin Rouge, 60410 Verberie, France ~ 

Appropriate technology organization that has been 
involved in the development of tinimal-powered 
pumps- 

&sociation de Recherche sur la Traction Animal et 
le Portage (ARTAF), 54570 Tmndes, France 

&TAP is an association of people interested in 
animal traction research and development and 
many of its members use working animals on their 
farms in France. Sine 1983 it has produced a Lie- 
ly and informative quarterly bulletin dealing with 
many different aspects of animal traction, with 
most information based on French and European 
experiences. 

Ste Nouvelle Mouzon, B. P. 26, 60250 Mouy 
(Oise), France Telex: 150990 MOUZON F 

EBRA&enun, 28 rue du Maine, B.P. 404, 
49004 Angers C&x, France Telex: 720348 F 

Bouquigaon S.C.A.D., B.P. 37, 
26301 Bourgde-P&age C&x, France 

Telex 345951 F 

I%ench manufacturers of animal traction equip- 
ment. All make plmvs and multi-purpose toolbars. 
Ebra&erum is noted for iis ~r;cdccs, whiie Mou- 
zon specinlizes in Ihe Jean Nolle range of imple- 
ments including the Ariana toolframe and Tropi- 
cultor wheeled toolcarrier. 

Bureau pour Ie D6veloppement de la Production 
Agricoie (BDPA), 202 rue de la Croix Mivert, 
75738 Park Cedex 15, France 

timpagnie Fran@= pour le Developpement des 
Fibres Textiles (CF’DT), 
13 rue Monceau, 75008 Paris, France 

Broadly-based development organizations that 
have carried out researchdevelopment studies I. - 
lating to animal traction and have provided techni- 
cal assistance for draft animal extension pro- 
grammes in Africa. 

The Gambia 
The Gambian Agricultural Research and 
Diiersification Project (CARD), 
Department of Agriculture, Cape St. Mary, 
The Gambia Telex: 2229 AMEMB ov 

A USAID-assisted development project that is 
supporting work OD animal traction. 

Germany (Federal Republic) 
Deutsche Gesellschaft fUr Technische 
Zusammenarbeit (GTZ), D - 6236 Eschborn 1, 
Postfach 5180, Germany (FRG) 

G’IZ is financing several projects in Africa under- 
taking research and development on animat trac- 
tion. G’IZ and its specialized division German Ap 
propriate Technology Exchange (GATE) has pub- 
lished several books on animal traction. GATE is 
currently supporting research and development on 
animal powered gears, mills and water-liftiag de- 
vices in Africa, Asia and Latin ‘Americo. GATE 
publishes a quarterly journal GATE Questia~- 
Answers-Infomtion, 

Fachbereich 15 Internationale Agrarentwicklung, 
Institut fur Agrarbetriebs und Standortsokonomie, 
Technische Uaiversitit Berlin, 
Im Dol27-29, D-1000 Berlin 33, Germany (FRG) 

Animal traction has been one of the rwrch in- 
terests of the Technical University of Berlin for a 
number of years and staff have been involved in 
evaluating animal traclion programmes in Ban- 
gladesh, Ethiopia, Togo, Zambia and West Africa. 
A questionnaire survey on the use of animal trac- 
tion equipment and techniques in several parts of 
the world was carried out in 1988-89. Staff of the 
university took part in a research programme in 
Brazil designed to develop an animal-drawn 
seeder capable of planting through mulch. 

Institut ftlr Agrartechnik, Universitiit Hohenheim, 
GnrbenstraDc 9, P.O. Box 700562, 7000 Stuttgart 70, 
Germiny (FRG) Telex: 7255202 ATHO D 

Staff of the University of Hohenheim have been 
carrying out animal traction research in collalxxa- 
lion with the ICRISAT Sahel&l Centre, Xiger. 
Studies have concentrated on the working ywer 
of different draft animals, the drafi forces itJ;p+-xed 
by tines, ridgers and plows, stationary nnimal- 
powered systems and animaldrawn carts. 

Institut filr Landtechnik, Universitiit Giekn, 
Giel3en 1, Germany (FRG) 

The agricultural engineering department of the 
University of Giessen has been involved in the de- 
velopment of animaldrawn implements. One pro- 
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jeck iarofvcd the design and testing. of weeder-rol- 
krs, in conjunction with TIRDEP, Tanzania. 

DeutscheL8nwirtschafts-G#euschaft(DLG), 
ZimmerWeg 16, D-6WX# Frankfurt I, 
-many VW 

DLG, the German Agricultural Society, has held 
various seminars relating io agricultural equip 
mcnt, including one in 1987 on north-south co- 
operation in the manufacture of implements+ 

Ghan8 
Department of Agriculture Regional ORice, 
P.O. Box 171, Tamale, Ghana 

T’be Department of Agriculture regional office at 
Tamale is msponsibk for a workshop, established 
with GTZ assistance, for the manufacture of ax 
p~~cultivators and carts. 

GlJine8 

Usine des Outillages Agricoles (IJSOA), 
Mamts, Guinea 

Agricultural implement factory, build with Chinese 
technical a&stance. It is respunsible to the Minis- 
try of Industries and manufactures lightweight 
mouldboard plows and harrows. Due to infrastruc- 
tural problems it has not been working at capacity 
or meeting national requirements. Refurbishment 
with the backing of a Belgian company appears 
likely. 

Ids 
Central Institute of Agricultural Engineering 
(CUE), Nabi Bagh, Berasia Road, 
Bhopal462 018, India 

ltx national CIAE has been undertaking research 
on animal-drawn implements for many years. It 
has publiid numerous research reports and 
papcn on the subject. It has cooperated with 
AFRC-Engineering in held trials of mmputer- 
based data-logging equipment that measure a 
range of factors relating to force, pr and work 
output of animal-implemeni mmbinations in the 
fgld. 

Intcmational Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT), Patancheru P.O., 
Andra Pradesh 502 324, India 

Telex 152 203 ~ctu w 
ICRISAT is an international research centre with 
it!+ headquarters in India. It is expanding its ICRI- 
SAT Sahelian Centre in Niger into an important 
secondary research station and base for many of 
its programmes in Africa. ICRISAT has been very 
closely involved in the development of draft ani- 

i,. 
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ml power, pa+ularly within its Resource Man- 
agement Programme. Between I974 and 1987 
ICRISAT was closely involved with the develop 
ment of wheeled toolcarriers. Most of its animal 
traction ttsezcb and publications were centred on 
these implements. Other animal traction work has 
included CWnomic studies (Burkina Faso) and the 
developmr~f of prototype rolling crust-breakers 
(India) and ridge-tiers (Burkina Faso). 

Meklns Agro Products Pvt Ltd., 
6-3-866/A Begumpet, Greenlands, 
Hyrkrabnd AP 500 Oi6, Indii Telex 1556372 

Mekins is a company that manufactures and cs- 
ports animal traction implements. It cooperated 
closely with ICRISAT in the .development of 
wheeled toolcarriem. 

Cmsul and Co. Pvt. Qd., 
123/X7 Industrial Area, Fazalgunj, Kanpur-12, 
Uttar Pradesh, Indii. Telex: 032S-309 COSL 

Cossul is a manufacturer and exporter of relatively 
simple and cheap steel implements, including ani- 
mal-drawn pknvs, harrows and ridgers. 

Itdy 
Food and Agriculture Organization of the United 
Nations (FAO), Via dell: Terme di Caracalla, 
OOIOO, Rome, Italy Telex: 616022 PAO I 

FAO is the mqjor UN agency concerned with agri- 
cultural development. It sponsors, and/or provides 
technical assistance to, numerous agricultural re- 
search, development, extension and training pro- 
jects some of which are directly or indirectly re- 
lated to animal power utiiiition. The Agricultural 
Setviccs Division (AGS) has chaired the FAG 
interdepartmental draft animal Fr liaison 
committee. FAO hti published several books re- 
lating. to animal traction. In 1988 FAO mmmis- 
sioned GRDR to prepare an animal traction cx- 
tension manual, and CEEMAT and AFRC-Engin- 
eeqing to prepare “state of the art” reports on ani- 
mal traction. 

Kenya 
Rural Technology Development Unit (RTDU), 
P.O. Box 470, Nakuru, KENYA 

‘Ihe Land Development Division of the Ministry 
of Agriculture has responsibility for many animal 
traction activities in the Country, including the 
RTDU. The RTDU has over the last ten years 
tested over 150 agricultural implements, and rec- 
ommended four items of animal traction equip- 
ment: a lightweight mouldboard plow, a longbeam 
plow, a multipurpose ;oalbar and carts using saw- 
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dust-pack+ tyra lime implements have yet to 
t-m@opted 

UmkmRy dNairobl, Kabete Campus 
P.O. Box 30197, Nairobi, Kenya . 

The Depmrtme~t of Agricultural Engineering has 
been working for several years on animal traction 
equipment including the use of toolbars fitted with 
Indianatyle Wesi” plow-bodies, made of steel, for 
inter-row w#xding. The Animal Draft Power De- 
vtlopmcnt Project has been carrying out rexarch 
oouseoftttree-padhamessesforcattkanddon- 
keys and the employment of donkeys for crop cub 
tivation. It has organized trming course for the 
loaIl production of three-pad harnesses. 

Ideal casements EA Lta, P-0. &a 45319, 
Nairc’ .:. Keqa 
SW Faatenem Ltd., P.O. Box, Nairobi, Kenya 
Manmki Indus~ P.O. Box 88, Ruiru, Kenya 
Appmpdate Implements w Lugari Extension 
Programme, P.O. Box 125, Soy, Kenya 

Manufacturers of plows and cultivators . 
LUSOthO 

Northern Lesotho Steel and Diesel Engineering, 
Maputsoe, Lesotho 

Manufacturer of scotch carts. 
Lesotba Steel Pmluclg P.O. & 1564, 
Maseru, Lesotho Telex 4235 LO 

Manufacturer’of agricultural implements that has 
been supported by UNIDO to develop animal 
drawn implements. Its multipurpose Matlama 
simple tool& has attachments for plowing, culti- 
vating harmwing and seeding, although some of 
these attachments are still undergoing develop 
ment. Steel yokes are also fabricated. 

MeP=r 
Centn National de I’Artisanat Malagasy (CNAM), 
B.P. 540 Antananarivo, Madagascar 
SIDEMA (SctciM Industrielle pour le 
DhAoppement du Machi~~isme Agricole), 
B.P.14, Antartanarivo, Madagascar 
Socit?tC Ma&ache des Cmstructions Metalliques et 
du MatCriel Agricole (COMAG), 
Antananarivo, Madagascar 

hIanufacturers of animal traction equipment. 

Malawi 
A$I$ (:;z) Ltd., P.O. Box i43, 

Telex 4750 MI 

Cot&z&l manufacturer of basic plows, ridgets 
and tmlbars. Some export salea 

~iWroItum hvicea Ltd., 
P.O. Box 1900, Blantyre, Malawi 

Ma@cturer of animal drawn carts. 

Mlbli 
Compagnie Malienne pour le Developpement des 
Textiles (CMDT), BP. 487, Bamako, Mali 

Telex 554 CIMATEX 
CMDT has been the major organization promot- 
ing the use of animal traction in southern Mali. In 
cooperation with other organizations, it has pro- 
vided a ampfebeasive range of se&es i0 the far- 
mers including credit, the provisiin of equipment, 
animals and animal health requisites, extension 
and training sen&es and support to village black- 
smiths. It has carried out research on cotton/m&e 
rotations using animal traction a;?l on antierosion 
measures. CMDT has been responsible for imple- 
menting a World Bank-sponsored development 
project involviig animal traction ‘promotion. With 
Dutch finance and technical support from the 
Dutch firm “Rump&tad’* it is starting to fabricate 
animal traction implements in small workshops. 

Projct ARPON (Amelioration de la riziculture 
paysanne B I’Office du Niger), B;P. 1, Niono, Mali. 

Project ARPON, supported by Dutch technical 
cooperation, is promoting the use of animal trac- 
tion for irrigated rice production. It has a work- 
shop to fabricate plows and harrows and has been 
cooperating with the Dutch lirm “Rumptstad”. 

Division de Recherches sur les Systcmes de 
Production Rurale (DRSPR}, Institut d’Emnomie 
Rurale (IER), B-P: 9030, Bamako, Malt 
DRSPR Valet Fonst%ougou, 
B.P. 186, Sikasso, Mali 

DRSPR is its farming systems research section of 
IER, part of the Ministry of Agriculture. The 
Vole1 Fons&ougou based in Sikasso is carrying 
out research relating to animal traction including 
harnessing systems, cultivation techniques and im- 
plements. It is working closely with the CMRT 
blacksmith programme. 

Operation Haute Vallee (OIIV), 
B.P. 178, Bamako, Mali 

OHV, supported by USAID, has been promoting 
animal traction in the area surrounding Bamako. 
A blacksmith training programme has been de- 
veloped for the fabrication of equipment and 
spare parts. A larger workshop for making animal 
traction’implements has been established in con- 
junction with a private firm. Jigs and components 
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-, -have been supplied hy Rumpwad of,‘Ihe Netber- 
1 land% ” : 

f&i&6 Malicttae d’filudc et de Cuastru@on de Y 
M&tie1 Agriwk (SMECMA), 
B.P. 1707, BnmalK0,Mali 

Large-scale manufacturer that has supplied lnast 
of the animal traction equipment used in Mali. It 
has fabricakcd thommds of impbents and its 
mainraqeinctucks’~simpkTMplbw,theci- 
wara toolbar (P, Enulticultcur similar to the Houe 
SilE).+CdC~blUTOWStUlddOtkk~cart&hlht 
period WtS-1W SMECMA was severely WI- 
ismined by lack of capital, and was unable to meet 
.the national demand for animal traction equip- 
ment. 

Mesko 
Centro Intcrt&onal de Mejrxamiinto de Mah y 
Trigo (ClMMYT), AP. 6-641, bndres 40, OWCI 
Maico, D$.., Mexia~ T&K W-1772023 C~MTME 

CIMMYT is the international maize and wheat 
improvcmnt ccatre, with headquarters in Mexico. 
Its fsunmica programme for eastern and south- 
em Ahca encouraged farming systems research 
on the ams~mints IO draft animal power for maize 
production and it convened a networkshop on thii 
subject in Swaziland in 1983. 

MoroccO 
Institut &‘ational de ia Rechercbe Agronotnique 
(MU), B.P. 290, Settat, Morroco Telex: 28921 M 

INR& a national research institute, is involved in 
tmirnal traction research through its INRA-MIAC 
arid lands project (Pmjct Mdaculture), sup- 
ported by USAID. Ecptiipment evaluated has in- 
cluded wheeled tonlutrriers. Studies of animal 
power in agriculture have included anse&ments of 
the working chamcteristics of donkeys, camels, 
mules and osen in various combinations. Measure- 
ment of plflwr output&as heen carried out in co- 
operation with AFRC-Engineerill& UK. 

Institut Agrooomique et V&&wire Hussaa KY, 
B.P. 6202, Rabat Institutes, Rabat, Morocco 

Telex 31873 AGROVEX or 32089 M 

The Departement de Machinisme Agricoie has co- 
operated in a wide range of animal traction pro- 
jects. Research studies have included the mechan- 
ies of traditional ard plows, the use of animal 
power fat pressing olives, the potential for animal 
traction in irrigated agriculture and the measure- 
ment of the work output of donkeys. One project 
financed by FAO, involved sending Moroccan arti- 

sans to Mauritania to train local people to use ani- 
lpal ptwer for water raising and crop production. 

Agrkda, 34 rue Beni Amar, Casablanca, Morocco 
Manufacturer of plws, harrows and ridgers. 

M-bitjUt 
Agro-AlfiN (Fabrica de AIra@ Agricolas), 
CP. 13lg, Maputo, Momnbiiuc 

Tekxz 6405 AGIUL MO 
Agricultural implement factoty revitalized with 
suppnrted from SIDA (Swedea). Technical sup 
pnrt has been contracted to the Swedish imple- 
ment manufbcturer Overunt. The range of equip 

, 

ment includes mouldboard p!ows, zig-zag harrows 
and kits comprising an ank and two large steel 
wheels for carts. TRe factory has surplus capacity 
andhastttetsomeexportorders. 

The luellK!dands 
Beventer Colkge, Brinkgeversweg 69, P.O. Box 7, 
7400 AA, Deventer, The Netherlands 

The Department of International Agricultural 
Education of Deventcr Colkge organizes several 
courses relating to tropical agriculture including 
one course specifically relating to draft animal 
power and harnessing techniques. 

Koninklijk lnstituut voor Tropen (KIT), 
(Royal Tropical Institute, Institut Royal des 
Regions Tropicales), Mauritskade 63, 
1092 Amsterdam, The Netherlands 

Telex: 15080 KIT NL 
Institute supporting a programme of animal trac- 
tion research in Mali. 

Rumptstad B.V., P.O. Box 1,3243 ZG Stad aan’t 
Haringvliet, The Netherlands 

Rump&tad is a commercial manufacturer of agri- 
cultural equipment in The Netherlands. It has 
been working with several organizations in Africa 
to develop appropriate equipment designs that can 
be lrxaliy manufactured by blacksmiths or small 
workshops. It is prepared to send sam’ples of its 
equipment freeofcharge to organizations willing 
to provide technical feedback, 

Technical Centre for Agricultural and Rural 
Cooperatjon (CTA), De Rietkampen, 
Galvanistraat 9, Ede, Poslbus 380, 
6700 Al Wageningen, The Netherlands 

CfA financed by the EEC and based in The 
Netherlands is involved in gathering and dissemi- 
nating information relating to rural development 
in tropical Africa and elsewhere. Animal traction is 
an area of interest of CTA and it is publishing ani- 
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mal uauion boo&in cooperation with CIRAD, 
FranocandclvM,uK. 

* 
Pbjct Rcclmck, Forma& et Production pnur 
l’Ut@&ion dc Mat&cl Agrieok co zoae 
sahtlicnnc (Tr@t FAO”), B.P. 171, Tahoua, 
Niir Telc~ 5389 FtXXMCtRt Nt 

The pmjca, supported ty FAO, is testing and 
evaluating animal uaction equipment and tiltage 
practiws for the cultiva~ of millet, sorghum and 
alwpa&ltisundcrtakingappliedtcs(ciuc3rrmt 
surveys r&wing to animal power utihzation, ‘Ifaia- 
ing activitb include work with village blacksmiths 
and extension agcna It works closely with ACRE- 
MAbothinthemanufactureofprototype-sandin 
the dcvelopttmt of production runs of animal 
tract&n cquipmcnt. Publications include training 
manuals and training film-strips relating to animal 
tmction. 

Projet Praductivit~ du Dtpartement de Niamcy, 
BP. 10231, Nimcy, Niger 

PP Niamey has a “Cellulc de PArtisanat Rural et . . Macturuync Agricde” (ARMA), which is under- 
taking animal traction equipment development 
work including prototype design and modification. 
Arcas of interest include development of lighter 
weight plows thankthe predominant Arara toolbar 
andunprovcdautcksigns 

KRISAT Centre SahClien (ISC), lntemational 
Crops Rcscarch Institute for the !kmi-Arid Tropics 
(ICRISA’f), BP. 12404, Nii, Niger 

Telexz 5406 ERISAT NI 

The KRLSAT Sahcliin Centre makes routine use 
of snimsldrawn Nikart wheeled toolcarriers on its 
cxtensivc research farm. On-station croppittg sys- 
tems trials have imrohred comparisons of different 
types of animaldrawq implements including plows, 
ridgcrs, Arara toolbars, seeders and wheeled tool- 
carrier%’ Off-station work in cooperation with 
ILCA has inc%&d nutritional studies relating to 
the feeding of draft animals. A four-year, multidis- 
ciplinary research programme on draft animal 
power has been initiated in cooperation with the 
U.nivcrsity of Hohenheim, FRG. ‘Ibis will involve 
measuring the draft characteristics of local oxen, 
donkeys, horses and camels, the tesiing and cvalu- 
ation of cultivation equipment and an anim& 
powered mill 

Atclier Coop&auf Regional de Fabrication de 
Mat&icl Agrienle (ACREMA) 

Union Nig&iennc de C&dit et de Operation 
(UNCC), Niamey, Niger 
Unite %onstructioti Materiel Agricole, 
BP. 296, Niimey, Niger 

Workshops making animal traction equipment. 

Nipt-ia 
John Halt Agricultural Engineers Ltd., 
New Industrial Esutte, P.O. Box 352, Zaria, 
Raduna State, Nigctia Telex: 75253 

Manufacturer of animal traction equipment in- 
&xIing mouldboard plows. It i!t particularly noted 
for its Holtag Bmeot ridger widely used in norlh- 
ern Nigeria and whii has been wportcd to other 
countries in the region. It also manufactures ani- 
mal drawn weeding imptements for ridges 

lntcrnational Institute of Tropical Agriculture 
(IITA), P.M.B. 5320, Ibadan, Nigeria 

Although not closely involved in animal traction 
IITA has been working with SAFGRAD in Burki- 
na Faso on animal-drawn tied-ridging implements. 

Peru 
Proyccto de Herramientas e Impbmentos Agrfcolas 
Andinos (He~udiuu j, Casilla 42, Cusco, Peru 

Project that has evaluated traditional animal- 
drawn tillage implements and has developed a 
modified multipurpose ard plow. 

Philippines 
International Rice Research Institute (IRRI), P.O. 
Box 933, Manila, Philippine 

Telex:40890atcE PM;45365 RICElNSTPM; 

IRRI has an international mandate relating to rice 
production in the tropics. In 1986 the Agricultural 
Engineering Department developed the “Cone- 
puddlcr” designed fur u,sc with a single buffalo. 
‘fhc Rice Farming Systems Program has organized 
a network of farming systems research organiza- 
tions in 13 countries in southeast Asia and many 
of ifs members are actively working on aspects of 
animal traction. 

Regional Network for Agricultural Machinery 
@NAM), University of the Philippines, Los Babes, 
College, Laguna, Philippines 

Telex 3432 FITLB PU 

RNAM, whose sponsors include FAO and 
UNIC ^ links agricultural engineering institutions 
in sever&t Asian countries through information dis- 
semination, meetings and exchanges. Details of 
forthcoming events, research activities and new 
implement designs, together with more geceral af- 
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ticks are pmvided in the RNAM Newsletter, dis- 
tributed fieeof-charge three times a year. 

s=w 
Imtitut S&@&is de Recherches Agrico!es 
(EmA), B.P. 3120, Dakar, Senegal 

Telex: 61117 ~SRA SG 
ERA is a large msearch organization within the 
ministry of rural development. Its Bambey Centre 
was the base for many anima! traction studies in 
the 195th and l%tkt. More recently the f&r&g 
systepls department of ISRA (Dcpartement Sys- 
t&neq has carried out reseaieh on animal traction 
in several pits of the country. Areas of mseam!~ 
have included socioamomic aspects of animal 
power, tine ti!!age, draft cows, the use of animal 
traction for rice produ~, equipment diiribu- 
tion and maintenance and the rote of Ma&smiths 
in animal traction Many dettiiled research reports 
have been produced. ISRA hosted an intema- 
tionai t9arkshop on animal traction in 19SS. 

SISMAR (Socitlte lndustriehe Sahelienne de 
MWniqucs, de Materiels Agricoles et de 
Representations), B.P. 3214, Dakar, Senegal 

SISMAR is one of the largest manufrtcturers of 
animal traction equipment in Africa. SISMAR was 
formed after the financial problems of the pre- 
vious mnufactufing company “SISCOMA”, by 
which name much of its equipment is still known. 
Due to limited local demand it is still running well 
below its large capacity. It is most famous for the 
Ndledesigned multipurpose Houe Sine toolbar 
ond the Super Eco seeder which have been widely 
x&i both within Senegal and in neighbring 
COWtries. 

BNDA (Environment and Development in the 
Third World), B.P. 3370, Dakar, Senegal 

ENDA is an internationa!!y-financed non-govern- 
mental organization with its headquarters in 
Dakar. It publishes the journal African Environ- 
ment in French and English. Xt has been coopera- 
ting with GATE (Germany), GRDR and IT Della 
(France) and local blacksmiths in the development 
of animal powered systems for raising water and 
grindiig food It has published several pamphlets 
on these subjects. 

sierra Leulle 
Sierra Leone Work Oxen Programme, 
Private Mail Bag 766, Freetown, Sierra Leone 

Telex: 3418 PEMSU SL 
‘Ihe Work Oxen Programmu is responsible for a 
workshop at Ro!ako which flakes Pecotool tool- 

bars, harmus and carts. The Pmgramme is in- 
vo!ved in research-development activities and is 
particu!ariy interested iu rice cultivation using 
draft anima!s, the sacial imp!ications of animal 
traction adoption, work-d&ease interactions and 
the potential for making greater use of traditional 
animal husbandry techniques. 

south AFkica 
FEDMECH, P.O. Box 677, 
Vereeniging 1930, South Africa Telex: 743058 

HiioricaUy Southern African Farming Imple- 
ments Manufacturers (SAPIM) was the major 
manuhicturcr of animal traction equipment in the 
region. The SAFIM designs of large plows, cultiva- 
tors and seeders that !xtve changed little in thirty 
years, are now manufactured by FEDMECH, al- 
though the impkments are still commonly 
referred to by the well known SAFIM trade name. 
In addition to meeting the demand of the domes- 
tic market in South Africa, it exports to several 
neighhbouring states. 

Sudan 
Western Savannah Development Corporation 
(WSDC), P.O. Box 190, Nya!a, South Darfur, Sudan 
(Khartoum Office: P.O. Box 9M5 (KTI), Sudan) 

Telex 22323 WSDC SD 
WSDC is a broadly based rural development pro- 
ject. The animal traction component of WSDC is 
promoting the use’of donkeys and, to a lesser IX- 
tent, oxen. Equipment evaluated and locally 
manufactured from scrap materials includes single 
mouldboard ox plows and donkey-drawn 
seeder/weeders. Research interests have included 
donkey-harnessing and water-raising systems. 

J&t-l Morra Rural Development Pmject (JMRDP), 
P.O. Box 9CI0, Khartoum, Sudan 

Large development project, supported by EEC, in 
the remote west of Sudan. In the project area 
donkeys are used for transport and packing, hor- 
ses are used for riding and some cart pulling, and 
some cameb are used for p!ow!ng. JMRDP has 
been promoting came! plows made by local arti- 
sans. It is now emphasizing the use of donkeys, as 
these are much cheaper, and it has been develo- 
ping a lightweight donkey plow and weeder. 

Nuba Mountains Rural Development Programme, 
P-0. Box 143, Khartoum, Sudan 

Large development project, supported by SATEC, 
with an animal traction component. Research re- 
lating to animal traction has included a study of 
the economics of ox carts. 
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.Wd 
USO~U Pulp Company Limited, Private Bag, 
P.O. Mbabime, Swaziland Tek2oQ3WD 

Forestry company with 25% of iogging operations 
ttasedonextractionbymu!es.220mu!esaremain- 
tainedandwork2OO~andextraCt160 
logs (20 tonnes) per mule per working day. 

wco, P.O. Box 417, Mbabane, Swazitand 
Te!exz 2213 WD 

Distributer of Agrilis animal-drawn equipment of 
SAFIM type, including p!ovs, harrows, cultivators 
and seeders. 

SW&O 
AB &erum Bruk, S-590 96 &rum, Sweden 

/ Teiexz 3957 OVERUM s 
A company manufacturin& !8rgwca!e agricultural 
implements that has aho been invo!ved in rehabiii- 
rating faci!ities for laca! production of animal trac- 
tioa equipment in Mozambique and Angola. Fo!- 
lowing the the formation of the &rum-Ebra 
company in France it is now associated with the 
Ebra range of animaldrawn seeders and other im- 
pk=l- 

SwitztrIand 
International I&our Organ&ion (ILO), CH-1211 
Geneva 22, Switzerland Te!exz 22271 BIT CH 

. 
IL0 (the French acronym is BIT) is a UN agency 
with particular interest in developing activities and 
techno!ogies which generate employment and im- 
prave -king conditions. Animal traction, black- 
smith@ village carpentry and animsl-dcawn 
trans~, fat! within this mandate. Ttme Technology 
and Employment Branch of IL0 sponsored sev- 
eral national wor!&ops re!ating to animal traction 
in eastern and southern Africn, and published the 
P-=-w- 

Bellerive Foundation, P.O. Box 6, 1211 Geneva 3, 
Switzerland Telex: 429835 MURU C)i 

The Bellerive Foundation works on environmental 
isJues, and has been involved in the development 
and local production of three-pad harnessing sys- 
tems for Africa, based on Swiss designs. 

&isscon&ct, Fondation suisse de cooptration au 
dt?ve!oppement technique, Dbltschiweg 39, 
CH-8055 Zurich, Switzcr!and Telex: 814308 
Swiss Developmeot Caopemtion (DCA), 
Dtpartement f&Wal des affaires &rang&es, 
CH-303, Bern, Switzerland Telex. 911340 EDA CH 

Swisscontact, supported by Swiss Development 
Cooperation (part of the Swiss foreign affairs min- 

ktty), is working with gmups in Latin America to 
develop animal traction technologies. Among 
other activities, it has provided technical personnel 
to iissipt the Proyecto Herrandina in Peru. 

Tanzania 
Ubango Farm Implements (UFI), P.O. Box 20126, 
Dar es Salad& T&a Telex: 41206 

The parastatal UFl factory is the largest manufac- 
turer of agiicultural implements in the country, 

. with a capacity to manufacture 60 Ooo plows a . 
year. When demand h@s exceeded production, 
UFI has imported plows. 

Baas 221 KIlimo, P.O. Box 1186, 
Mbeya, Tanzania Telex: 5 1133 

A ‘parastatal factory ii the southwest of the 
country manufdcturing a range of animal traction 
quipmew Cooperating with the Mbeya Oxeniza- 
tion Project. 

Themi Farm Implement and Engineering 
Comwny, P.O. Box 286, Arusha, Tanzania 

Small workshop producing some plows and carts. 
Centre for Agricultural Mechanization and Rural 
Techno!ogy (CAMXRTEC), 
P.O. Box 764, Arusha, Tanzania. Telex: 42126 

Established in lv81 through the merger of 
TAMTU (Tanzania Agricultural Machinery Tcst- 
ing Unit) and the Arusha Appropriate Technology 
Project, CAMERTEC is charged (among other 
activities) with’ developing and testing animal trac- 
tion implements and promoting national liaison in 
this field. It has workshops for producing prom- 
types and small production runs. Some of its initial 
designs included heavy double-mouldboard plows 
and harrows, and also ox carts. 

Tanga 1nteg:ated Rural Development Programme 
(TIRDEP}, Kilimo Tanga, 
P.O. Box 5347, Tanga, Tanzania 

TIRDEP is ,a development project (with GTZ 
support) in the ncnheast of the country that has 
been trying t0 introduce animal traction into an 
area where previous schemes had been disappoint- 
ing. In addition to extension and training, its acti- 
vities have included equipment development and 
the design of a prototype rolling weeder/brush cut- 
ter. ‘The high demand for carts hss been partially 
met by importing old car axles from Germany. 

Mbeys Oxenization Project, 
P.O. Box 723, Mbcya, Tanzania 

Development project, supported by CIDA, work- 
ing with existing organizations to improve and in- 
crease the use of animal traction in the Mbcya re- 
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“#on pf the soum Specific obj&tives include 
work on inter-row cultivators and ox cart& The 
project is Gooperating clasety with the ZZK factory 
in the development and production of animal- 
dmwn implements. 

Toe0 
Projet pour la Promo&m de la Traction Animale 
(PROPI’A), B.P. 82, Atakpam& Togo 

PROPTA is a national miniitry of rural develop- 
ment project assisted by USAID and EEC and is 
responsible f’or ensuring adequate liaison between 
the 20 diinnt donor-assisted projects and finan- 
cial institutions im&ved with animal traction in 
Togo. PROPTA promotes information exchange 
through the quarterly newsletter Fme Attim& 
and the circulatioc of documents. It has estab- 
lishedstanda&forcredittermsandhascoordi- 
nated the suppty of eqdipment and spares from 
the UPROMA factory. 

Uniti de Praluction de Mat&iel Agricole 
(UPROMA), B.P. 11 I, Kara. Togo 

Workshop established with UNiDOAJNI.?P as&t- 
ante that manufttctures a range of animal traction 
implements notably simple mouldhoard plows, 
triaagular toolbars and ox-carts. 

United Kingdom 
Overseas Division, AFRC-Englnccring, 
Wrest Park, Sii, Bedford MK45 4HS, UK 

Telex: 825803 G 
The Ouerscas Dii of AFRC-Engineering (for- 
merly NIAE) has been involved in animal traction 
implement development for many years. Recently 
it has been developing techniques and instrumen- 
tation for measuring and logging many of the 
mechanical and physi&ogical parameters associ- 
ated with animal draft. Field trials with dmft ani- 
mals are being undertaken in cooperation with na- 
tional and international institutions in Africa and 
Asia. It is hoped to use the information obtained 
from the data loggers to develop a scoring system 
to facilitate the comparison of different animals 
and implemenls 

Centre for Tropical Veterinary Medicine (CTVM), 
Easter Bush, Roslin, Midlothian EH25 9RG, 
!scotiand, UK Telexz 727442 UNIvm G 

The CTVM of the University of Edinburgh is car- 
rying out research on the nutritional snd physio- 
logical impliitions of draft work, using cattle, buf- 
faloes, horses and donkeys. Several interactions 
are being studied including nutrition-work;work- 
milk production and work-disease, and it is hoped 

. 

AddreSSeS 

to establish criteria for selecting draft animals. 
CIVM has developed equipment and tech&qu;s 
to establish work output under both control!ed 
and field conditions CTVM publishes “Draught 
Animal News” twice a year. It runs courses on ani- 
mal traction, in cooperation with Deventer College 
in The Netherlands. 

Intermediate Technology Development GZXI~ 
@TOG), Myson House, Railway Terrace, 
Rugby CV213HT, UK Telex: 317466 m G 

IT Publkatious, 103-105 Southampton Row, 
London WClB 4HH, UK 
lT Trpasport, Old Power Station, Ardington, 
oxon, 0x12 8PH, UK 

ITDG is a non-governmental appropriate tecbnol- 
ogy organization that has been associated with the 
development of animal traction technologies in 
several CounttieJ. Its publications arm, ITP, ,has. 
produced several books relating to animal traction 
and it publishes the quarterly journal Appropriate 
TechwIqy. IT-Transport is the section of ITDG 
that concentrates on transport, including animal- 
dmwn vehicles. 

Developmeat Technology Unit, 
University of Warwick, Caventty CV4 7AL, UK 

Telex: 311904 UNIVWK 

The Development Technology Unit of the Univet- 
sity of Warwick (in collabomtion with partner or- 
ganizations in Africa and Asia) is carrying out re- 
search and development work on the use of ani- 
mal power to drive stationary machinery for water- 
IiRing and crop processing, 

Commonwealth Secretnriat, Marlborough House, 
PnII Mall, London SWlY !XX, UK 

The Food Production and Rural Development Di- 
vision of the k nmonwealth Secretariat has sup- 
ported the development of regional nppropriate 
technology networks in Africa. It has published the 
proceedings of sub-regional meetings which have 
included aspects d animal traction. 

Crest Overseas Mechanisarion Ltd, White House 
Chambers, Spalding, Liacs PE112AL, UK 

Telex: 32494 GSIGOM G 

Manufacturer of agricultural equipment including 
wheeled toolcarriers. 

Furmkart Ltd., St Andrews Industrial Estate, 
Bridport, Dot-set, DT6 3DB, UK 

Telex: 417232 PAIUK G 

Farmkart is a company specializing in animal- 
dmwn carts. It sells complete kits and can colla- 
borate in local production initiatives. 
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project Rquipment is a stitali firm that designs and 
manurircturers animal traction equipment. It luui 
misted small workshops in Africa to establish the 
IocaI ft&ication of plows and tooIbars.‘Il,runs 
basic, pmtkal training courses in the design and 
productioa of animaldrawn implements. 

Sbattku&th Agricultural CWkge, Old Warden 
Park, B@eswade, Reds SGl8 9DX, UK 

Agricultural Colkge that has held shortduration 
highty pmctkal awses on auinml tmctlon and ani- 
maldmwa impkments. 

untted states of America 

AT InknutIouaI, 1331 H Street NW, 
washhgtotlDc2ooos,usA 

AT IntemationaI is a non-p&h trust working with 
approprkte technology organizations in several 
counttiea, InvoIvement with animal traction in- 
dudes coopemtion with RIIC, Botswana, and 
RNDA, Senegal, in the development of animal- 
powered water pump and mills 

Agency lbr International Development (USAID), 
Washington DC 20523, USA 

USAID is the oRicial US bikteral aid agenrry that 
funds numerous projects in developing countries, 
including many with draft animal components. 

TIILKRS International, 1402 Hillcrest Avenue, 
Kalamazoo, Michigan 49008, USA 

Tiikrs International, a non-profit corpotetion, 
works with both aid and new animal-powered 
technologies on a small farm where horses and 
oxen are empkyed and prototypes constructed. 
Small numbers of interns are trained in animal 
traction techniques. Tillers publishes an illustrated, 
quarterly newsletter Ti,e ?ifkrs Report which aims 
to stimulate disc&on and debate on a wide range 
issues rekvant to animal traction utiliition in de- 
vefo@ and developing countries. 

Volunteers in Technical Ass&uxe (VITA), 
1815 N. Lynn Street, Suite 200, 
Arlin@xt, Viiginia 222092079, USA 

VITA is a non-profit organization specializing in 
disseminating infortnation on appropriate techno- 
logies, including.animal traction. It has a compre- 
hensive docxlmentation centre, with a large range 
of documents relating to draft animals and animal; 
drawn implements. It pubiishes a quarterly news- 
ktter ICE.4 Net+%. 

~‘Rquipmcnt,L~ Indamtc, 
. v ctmktry, Shrc@&reSYlO8HAJJK 

-Ikkxi 35367 PROJEQ G 
Se&tar@ des Organisations Non-Gouverne- 
memalts pour la Traction Bovine (SOmO), 
CEO Pm&t Rural, BP. 1144, Mbujimayi, ZAIRE 

SOTRARO was estabhshed to coordinate the ani- 
mal traction programmea of several NGOs in 
Z%e. Projet Rural has worked closely with village 
blacksmiths and carpenters to encourage the vii- . 
lage-level production and maintenance of equip- 
ment, including wooden-beam plows and wooden 
oxctirta 

Ztunbla 
Admol Draft Power &ranutte, 
Agricultural Engineering Section, 
Ministry of Agriculture and Water Development, 
P-0. Dox 50291, Lusaka, Zambia 

Telex: 44370 ~ciRlM1 ZA 

The national animal draft power programme, with 
support from Dutch technical cooperation, is coor- 
dinating various activities relating to animal tmc- 
tion including training and researchdevelopment 
studies. Work has been undertaken on harnessing 
systems and the local production of suitable imple- 
ments. 

Anh~l Dmft Puwer Re~arch and Development 
Project, Agricultuml Machinery Research and 
Development Unit, 
Magoye Regional Research Station, 
P.O. Box 11, Mtisoye, Southern Province, Zambii 

Magoye Station of the Ministry of Agriculture has 
tong been associated with animal traction. AD- 
PRDP, with Dutch support, is developing stand- 
ardized testing procedures for equipment evaiu- 
ation rls well as studies on tillage techniques using 
animal power. 

Northland Engineering, P.O. Rex 71640, 
Ndola, Zambia Telex: 33310 NORTHLAND ZA 

Lusaka Engineering Company (LRNCO), 
P-0. Rex 33455, Lusaka, Zambia Telex: 41720 ZA 
SKF, P.O. Rex 20133, Kihve, Zambia 

Telex: 51230 ZA 
MDM Engineering Contractors, 
P.O. Rex 21977, Kihve, Zambia 
Turning and Metal, 
P.O. Rex 31608, Lusaka, Zambia 

Manufacturers of animal drawn equipment. 
Northland has been the main producer of ox- 
plows, ridgers and cultivators, and also makes 
some carts. LENCO makes both ox-carts and 
plows. Turning and Metal make ox-carts; MDM 
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manufltuuretincsandspurepatts;sKFmakes 
stubadesforcamwithrollerbarhgs. 

,ZW 

Iastitutt dAglk!ultuml Bagieeerlnl, 
P.O. ti BW 33Q, Barmwdalt, Harare,Zmix&we 

” Tckx 24!5 AGR~C zw 
The Institute of Agricultural Engineering of the 
b¶in&ty of Agricullure undertakes resear&, test- 
ing, dedopment, training and extension in the 
field of agriculturul engineering. lhe aqivities of 
its Research Centre are pknariiy aimed at the 
small- farming sector and include axtserva- 
tion tillage methods to reduce both soil erosion 
and the draft peer requirement Work also 
awers the development of animaldrawn impIe- 
men&. animal-powered water pumps and the 
t%taMmbtion of testing promlures The Agri- 
cuitural Engineering Training Centre (AEZC) 

provide extension staff, f&men and teachers with 
training in animal power and the use and mainten- 
ance of p implements and has produced some il- 
lustrated training manuals. B?sic blacb+!5ing 
wurses are designed to upgrade skills in the repair 
and manufacture of animal-drawn implements. 

Bu!awayu Steel products, P.O. Bax 1603, 
Bulawayo, Zimbabwe Telar 3257 zw 
Zimplow Ltd., HIS Steehvorks Road, 
P.O. Ika 1059, Bulawayo, Zimbabwe 

Telex: 3372 PLOUGH ZW 

Bain Manufwturing Company (Mj Ltd., 
P.O. Lox 1 isO, Harare, Zimbabwe 

Telcxz 46% zw 
Urge manufacturers of animal traction equip 
ment including plows harmws, ridgcis and cultiva- 
tors. 
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Animai-powered gear cystem, 149 
coopcrationwithCIAE, 221 
Data logger development, 69 
Dapagging techniquts, ,176 
Full name (derivation of acronym), 211. 
M-, amperation witit,~ 223 

ACEMA, 21% 

Wheeled *cJol@arrir davelopment, 133 

ACEMA, 21% - - 
ACIAR Draught Animal Power Prq&, 217 ’ ACIAR Draught Animal Power Prq&, 217 ’ 
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Ardk.81 
AraN toolbar, 104, 192 i 

Illustration, 110 
.M8)a8 t~~Mhune, S, 108,104 

Illustration, 189 
tinal mfutufacture, 190.191,193,195 
Art&mm1 trainsag 

See also Bbwkstuith support 
and Blacksmith traini~ 
Cocperation Morocx&fauritania, 223 
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Asiannetworlt, 224 
BrMwma, 217 
Camcroon, 218 
Ethiopia, 219 
India, 221 
IRRI,a 
Kenya, 221 
Zambia, 228 
Zimbabwe, 229 

Multiple teams, use of, 40 
Rcversibkpk~~~, 92 
SW cart wheels, 122 

Animal draft 
Princi* 24 
In rclatioo to bodyweight, 173 

Anlnuilpowcr;tractivepower 
Principles, 24 

Watkr-raising ?ystems, 146 
Asia 

Buffalo yokes, 35 
Information sources, 116 
Mu!tiple teams, 40 
Water-raising equipment, 144 
Withers yoke& 32 

Assumptlotut relating to impkment design, 75 
AT ;Interastiouo9, 228 

B 
Bangladesh 

Collar-type yokes, 57 
Trials with ergometer, 176 

BDPA, 220 
Bearlags 

Advantages and disadvantages, 126 
Bronze, 125 
See also Carts 

Anhal-powered gears, 148-149,151,153 
See also Ml4 animal pamrcd, 
Sqpume uusher, Water liftiag 

AlliInd welfcwe, 153 

Cast iron, 124 
Friction effects, 18 
Lubrication, 125 
Oil soaked, 125 
PVG, 125 
Roller, 125 
Steel bush, 124 
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woodbloc~ 125 
BeUerivt Foundation, 226 

COBBMAG, 192,217 
Bibliogrpphb 77 
Bla&soils 

See Vertids 
Biacksmith support 

CMDT Scheme, Mali, 193 
Information sourceq 1% 
Mali, 195,222 
sudan, 225 
zme, 228 

Blacksmith training 
Botzmma; 1% 
Information sourceq 1% 
Mali,222 
Manufacture of tools, 1% 
Niger, 196,224 
Requirements for, 195 

BWCtttlithS 
Importance of, 191 
See also Villap blecksmiths 

Blade harrow, 95, 158 
Bdivh 

Yokes, research on, 29 
Yokesizes, 35 

!kbstdicus 27 
See also 2kbu cattle 

Botwaaa 
Manufacture of ham-, 45 
ATIJ’, 218 
Blacksmith training, 1% 
Dala logging trials, 70 
Donkey harnesses, 64 
Multiple teams, use of, 40 
Plow planters, 102 
PiQwsizeq 98 
RIIC, 218 
Road construction, 156 
l)re collars, 55 
Water-raising systems, 148 

Bralwe on awts, 128 
Brazu 

Cooperation with TUB, 220 
Poiiiltor 300 toolbar, 107 
Ridge-tiers, 139 
Weeder roiier testing, 140 

Breaking plow, 81 
Breechiag shap, 34,46,128 
Bridks, 52 
British organizations, 227-228 

Index 

Broad-bed and &ruw system, 142 
BllffakS 

Carting in ;kpal, 164 
China, 35 
Collar harnewzs, 58 
Draft force, 173 
Hgrn&g, 35 
Pack uses, 61 
Puddling implement, 224 
Temperature regulution and work, 163 
Water-raising, 148 
Work measurement, Edinburgh, 59 

Bund forcners, 141 
Burkina Faso 

CNEA, 218 
Data logging trials, 70 
Implement factory, Government-supported, 277 
Tied ridges, 139 
Training manua&, 115 
Triangie toolbar, 108 

Burundi 
‘Ibree-pad collar hamwes, 60 

Butteuses, 94 

@ 

Camels 
Advantages, 48 
Disadvantages, 48 
Draft force, 173 
Harnesses for, 48 
Mixed teams, 60 
Pack animals, 117 
Transport uses, 50 

Camels, Plowing 
Ethiopia, 49 
Mali, 49 
Niger, 49 
Nigeria, 49 
Sudan, 49,224 

Cameruon 
PAPSAT, 218 
TROPIC, 218 
Weeder rollers, 139 

CAMERTEC, 224 
‘Double furrow plows, 91 

Curriege plow, 89 
Carts 

Axles, 124-125 
Beatings, 124-125 
Bearings, advantages and disadvantages, 126 
Braking systems, 128 
Bush bearings, 124-125 
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Four-wheel, 129 
Information sources, 130 
Kenya, 221 
Lads, 128 
Made from old vehicles, 124 
mi~awi, m 
Manufacture, 129 
Maiambique, 223 i 
Niger, 223 . 
Numbers in use, 119 
Pneumatic ryres, 122 
Puncture problems, 126 
Road construction, 156 
Role of IT-Transport,. 227 
Rotter bearings, 125 
Sawdust-filled tyres, 126 
Sisal-spoked wheels, 121 
Split rim wheels, 127 
Steel-spoked wheels, 122 
Sudan, 225 
Tanzania, 226 
Togo, 227 
Two-wheeled carts. 119 
Utilization patterns, 120 
Wheel size, 122123 
Wood block bearings, 125 
Wooden bearings, 125 
Wooden wheels without spokes, ;21 
Wooden-spoked wheels, 120 
Work output trials, 164 
Yokes for, 35 
mike, 228 

Caasava grater (animal powered), 150 
Cattle 

Cart pulling, 120 
Pack animals, 118 . 
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Address, 221 
Data-logging techniques, 69,176 
Research on single tine implement, 85 

CFDT, 220 
Chad 

Riding cattle, 62 
Chouffes resulting from animal traction, 75 
Cbia 

Buffalo yokes, 35 
Root-harvesting implements, 134 
Single yokes, 35 
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Dis@ibution, 129 ’ 1 
Effect of rotational friction, 18 

CIAE 
Address, 221 
Data-logging technique+ 69, 176 

CIMMYT, 223 
CIRAQ, 219 
CMDT-Blacksmith scheme, 193 
CNEA, 220 
COB-G, 177 

Addrer+ and details, 217 
System of production, 192 

Collar=typa yoke& 57 
CummonwfAtb Secretariat, 227 
COllStrPilltS 

Roots and stumps, 74 
CorrUptlou, effect of, 179 
Costa Rica 

‘Work output measurements, 168 
C&e d’Ivoire 

Yam harvesting trials, 134 
Cotton companies 

Mali, 222 
Cotton soils 

See Vertisols 
Comer 

Function, 26 
Coulter of plow, 88 
Credit schemes 

Mali, 220 
Togo, 226 

CT& 221 
CTVM, 227 

Acknowledgement, 10 
Data-logging techniques, 176 
Ergometer development, 69 
Research on harnessing systems, 59 

Cultivntioa tines, 102 
Cultivators, 102 

Houe Manga, 104 
Tine options, 103 
Triangle, 104 

D 
Data lugging techniques, 69 
Delou, 147 
Design 

See Implement desi8n 
Doventer Colbge, 223 
Disease constmiats 

Research, 227 
DLG, 221 
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TY carts 
+iya, 221 
Mali, 220 

hnlrcys 
cart pulling, 120,128 - 
Draft force, 173 
Harnessed with camels, 60 
Harnessing systems for, 45-46 
Pack animals, 117 
Packuses, 48 
Plow&g, 221,225 
Powering mills, 151 
Scoop pulling, 141 
Transport uses, 130 
Water-raising, 147-148 
Weeding implements, 107 
Work output -meat, 224 
Yoktsfor, 42 

Donkey% Piowing 
Sudan, 225 

Donkeya# work output 
Morocco, 221 

Donor Muences 
On equipment prod&ion, 178 

Double-furrm plows, 91 
Dutch o~anizations, 223 
Dynamometer, 157 

E 
Esetenl Africn 

Lack Gf toolbar uptake, 110 
Pack donkeys, 117 
Withers yokes, 32 

Economic constraints 
Black market distortions, 180 
Blacksmith services, 195 
Capital limitation, 181 
Food-aid, 195 
Harvesting implements, 135 
L&al tax and tax exemption, 181 
Millsandgears, 153 
Seasonal variations in demand, 181 
Water-raising systems, .146,148 
Wheeled loolcarriers, 133 

Economic studies 
ICRLS4T, 221 
Senegal, 2tl 
Sudan, 225 
Wheeled toolcarriers, 133 

Efficiency 
field, 168 

JkYPt 
Cart whce! manufacture, 120 ‘ 
Illustration of ard plow, 82 
Mixed teams, 61 
Use of ard plov&, 84 
Water-raising systems, 144 . 

ENDA, 225 
Water-raising systems, 147 

Energy availabiiity for work, 171 
Equipment manulactuws 

Agric$a,Morocco, 223 
Agrimal, Malawi, 222 
Agro-Alfa, Mozambique, 223 
Benin, 217 
Botswana, 218 
Brazil, 218 
Burkina Faso, 218 
Cameroon, 218 
CAMERTEC, 104 
Carts, Malawi, 222 c 
CMDT, Mali, 222 
CNEA, 177 
COBEMAG, Benin, 177, 192, 217 
Ethiopia, 221 
France, 220 
Ghana, 221 
Guinea, 221 
Holt, Nigeria, 224 
India, 221 
Information sources, 116 
Kenya, 222 
Lesotho, 221 
Madagascar, 222 
Niger, 224 
Northland Engineering, 104, 228 
herum, Sweden, 226 ’ 
Production problems, 178 
Project .Equipment, 228 
Prcjet ARPON, Mali, 222 
Rumptstad, 222-223 
SAFIM, 225 
Sierra Leone, 225 
SISMAR, 177, 224 
SMECMA, Mali, 223 
Sources of information, 1% 
Surplus capacity; 178 
Tanzania, 226 
UFI, Tanzania, 177, 226 
UK, 227 
UPROMA, 97,104,177,227 
.Zambia, $28 
Zimbabwe, 229 

Ergometer, 59, 69, 176 
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Mali, 220 
Methodology; .80 
Rapid NM appraisal, 176 
Rice fan&g, 224 
Senegal, 225 

scoops,140 

Zimbabwe, 228 
Ethiopia 

Artisanal manufacture, 185 
Broad-bed and furrow system, 142 ,.. 
Camel harness, 49 
Camel plowing, 49 ’ ’ 
Horse yokes, 42 

Work’mte interpretation, 170 
Feeding Systems, Research studies 

‘Niger, 224 
Fertilizer applicators, 136-137 
Field 168 capacity, 
Field 168 efficiency, 

’ Erosioncpntr& measures ’ 
Broad-bed maker,. 143 
Bund foriners, 142 
Cherom, 218, 
Mali, m 

IAR, 221 
Making of yokes, 63 
Mares@ ard construction, 83 
On-farm work assessment, 169 
Pack donkeys, 117 
scoops, 141 
Single-n, 38 + 
Withers yokes, 33 
Work patterns, 169 

E-F 
Animal-powered gear systems, 145: 
Collars for cattle, 53 
Forestry uses for horses, 155 
Harnessing for equines, 43-44 
Head yokes, 30 
Horse uUrs, 45 
Mouldboard plow designs, 87 
Mowers and reapers, 134 
Role of blacksmiths, 191 
Use of forehead yokes, 29 
Withers yokes, 32 

European Community, 217 
Eveners, 

Illustrations, 35,39 
Principles of use, 24,39 

Food-aid ’ 
Effect on profitability, 195 

Forehead yokes 
See Yokes, forehead 

Forestry applicati&s 
Extraction rates, 155 
options, 154 
Yoking systems, 31 
Swaziland, 226 

Frog of plow, 87 
Furrow wheel functions, 89 

F 
FAO 

Acknowledgement, 11 
Address, 221 

Farmer assessment 
Work output, 172 

Farming Systems Research 
Burkina Faso, 218 
Cameroon, 218 
CIMMYT involvement, 223 
Equipment development, 73 
Farmer assessments, 175 
Implement evaluation, 80 

G : 
The Gambia 

Adoption of donkeys, 
GARD Project, 220 
Ridge cultivation, 93 
Tied ridges, ‘138 
Training manual, 99, 

GATE 

76 

115 

Acknowledgement, 10 
Animal-powered gear project, 150 
Journal, 220 

Gear systems, 
Commercially available, 149 
Development, 148-149, 151, 153 
GATE involvement, 220 
Information sources, 154 
Internal friction, 18 
Longstanding designs, 149 

/ Multipurpose, 150 
University of Warwick, 227 

Gears, unimol poweM 
See also Mills, animal powered 
Senegal, 225 
See also Sugar cane crusher 
See also Water lifting 

German o~anizationq 220 
Ghana 

Implement factory 177,221 
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- H. 
Halter, 51 
Hamts, 46 
Harnessing 

Attelage, definition, 27 
Bellerive Foundation, 224 
Breastband, 45 
Breecbing strap, 28,34,46,48,128 
Bridles, 52 
Camel, 48 
Choice for transport work, 128 
Clarification of definitions, 27 
&existence of yokes and collars, 53 
collar*type yoke& 57 
collars, 45 
collars for cattle,, 53 
Comparative efficiency, 69 
Definitions of yoke types, 29 
Deventer College, 223 
Effect on power, 24 
Eveners, 39 
Fashions, 71 
l%eie, 57 
03th straps, 48 
Halter, 51 
Hames, 46 
Hamais, definition, 27 
Importance of comfort, 69 
In tandem, 39 
Injuries, 66 
Joug, definition, 27 
Large teams, 39 
Manufacture, 45, 48 
*Mhed teams, 60 
Multiple, 39 
Options for cattle, 28 
orgtmiz?atio~ U&ertakhg research, 72 

hdex 

Pack saddles, 48 
Padding for, 32 
Prejudices, 71 
Rein systerhs, 50 
Research criteria, 70 
Saddle ham- 61 
Saddles, 45 
Saddles for oxen, 61 
Selection of, 71 
Suggested read@, 72 
Suitable materials, 64 
Swingle tree, 36 
Traces, 36 
Transmission system’definition, 27 
mcdlars 46 

HarIleBfling CctsIara for cattle 
fiti 

Harness& brtastband 
Desciiption, 45 
Materials for manufacture, 45 

Harneshg, collars 
Advantages, 56 
Advantages for oxen, 58 
Berne ox-collar, 54 
Buffaloes in Thailand, 58 
Camels, 49 
Disadvantages, general, 56 
Didvantages for oxen, 58 
Efficiency claims, 58 
Efficiency measurements, 59 
Homes, 45 
Illustration of ox collar, 53 
Origin, 71 

i Time required for construction, 64 
me collars, 46,55 
Use for cattle, 53 

ZIarnesslng, dnnkey 
Ken.ya, 222 - 
Sudan, 225 

Hamming, multiple 
Abreast, 39 
Advantages, 39,41,91 
Botswana, 40 
Disadvantages, 39,41,91 
Effect On draft force, 173 
Effect on work output, 165 
Efficiency of, 42 
Eveaers, use of, 39 
Illustration, 40 
Implement size, 41 
In tandem, 39 
Use of double plows, 91 
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Hamcssiu& research on 
Bolivia*29 

Harnessiug, three-pad collars 
See Thee pad c&w harnesses 

H- 
Blade, 95 
Cxxnb, 114 
Disc, 94,114 
Functions, 94 
Iihlstration, 94 
Spanish, 114 
Tine, 94 
Triangular, 95, 114 
Use for rice production, 114 
qw, 95 . 

Harvesting equipment, 134 
Heel of plow, 87 
Htrrandiia, 224 
Hohenheim University, 220 

Work with ICRISAT, 224 
Holland 

Resource organizations, 223 
Honduras 

Road construction, 156 
Horsepower (units), 21 
HOI~KII 

Anatomical features, 43-44 
cart pumng, 120,128 
Collars for, 45 
Draft force, 173 
Forestry work, 155 
Pack uses, 48, 117 
Power output, 21 
Pulling forces, 173 
Sudan, 225 
Transport uses, 1X 
Work output assessment, 224 
Yokes for, 42 

Houe Manga, 104 
Houe Sine, 104, 107 
Huller, 150 

I 
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Broad-bed and furrow system, 142 
Draft Force measurements, 176 
Niger, 224 
Ridge-tiers, 139 
Wheeled toolmrric:x development, 133 

lEMvT, 219 

IIT4 218,224 
Ridge-tiers, 139 
Roliing injection planter, 97 

ILCA 
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Address, 219 
Broad-bed and furrow system, 142 
Data-logging techniques, 69, 176 
Modification of maresha ard, 143 
Single yokes, 37 
Wheeled toolcarrier testing, 142 
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Acknowledgement, 11 
Address, 226 

Impiai units and conversions, 19 
Implement adoption 

case historieq 115 
-Implement design 

Ariana, 108 
Blacksmith involvement, 192 
Carts and bearings, 126 
Carts, information on, 130 
Common assumptions, 75 
Evolutionary processes, 74 
Examples of inappropriate designs, 183 
Experience of Jean Nolle, 116 
Features of ards, 84 
Groundnut lifters, 111 
Indian experience, 116 
Mechanical principles, 17 
Methodolog, 78 
Mills and gear systems, 153 
Multipurpose functions, 109-110 
Need for farmer feedback, 186 
Problem for manufacturers, 179 
Project involvement, 116 
Risk consideration, 76 
Seeders, m 

’ SO-economic criteria, 76 
Source material, 116 
Standardization, 110, 184 
Tender specifications, 183 
Weeder rollers, 139 

Implement development 
Ariana, 108 
CEEMAT Sine, 85 
Crust breaker, 221 
Houe Sine, 107 
Ran01 toolbar, 84-85 
Maresha ard for single animal, 85 
Multipurpose ard, 224 
Peruvian long-beam toolbar, 84-85 
Plow planters, Botswana, 102 
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Variations, 158 
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Need for farmer involvement, 186 
Review of models, 77 
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Role of blacksmiths, 194 
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Technical excellence, 14 
TWprocedures, ~28 
weeders, 1% 
Work rate information, 169 

Imp0rtaUon of impltmcn~ 179 
India 

Broad-bel aad furrow system, 142 
camclhamcss, 49 
camels, use of, 48 
carttyreq 123 
CIAE, 221 
C&r-type yoke+ 57 
Data-logging trials, 70 
Rcvcrsiblc plows, 92 
Root-harvesting implements, 134 
sugarcane crushers, 149 
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Watewaising &terns, 148 
Work output measurement, 59 
Yoking system comparisons, 59 

Informadon sources 
Animal-powcrcd gear systems, 149 

A&anal programmcs, 1% 
Asian nChVOrk for agricUltu?al machinery, 224 
crups,l3Q 
FAG, 221 
GATE Joma!, 220 
Gear systems 154 
Hamewing, 72 
Implcmcnt manufacture, 1% 
Impkmcats, 115 
Implements in Asia, 116 
Mwcsha plow, 143-144 
hfcasurcmcnt of force and work, 176 
Mechanics of draft, 15 
Mill& 149,154 
Need for cross-checking, 156 
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Riclgc4kn, 139 ~ 
Water-raisiig systems, 148 
Weeder railers, 140 

Ir#j~tion planter, 91 
Interpretatloa of data, 174 
IRRI 
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Water-raising systems, 147 
IT-Dtllo, 220 
Italy 

Forestry operations, 155 
ITDG, 227 
lTP, Acknowledgement, 11 

K 
Kmol toalbnr 

Development, 84 
Ktnya 

Donkey bamewzs, 48 
Harness manufacture, 55,65 
implement factories, private sector, 177 
Multiple teams, use of, 40 
Sawiuet-filled tyrcs, 126 
iscoop, 141 
Sugarcane crushers, 149 
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Function, 26, 87 

Latin America 
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Forestry applications of animal power, 155 
He&yokes, 30 
Swiss support of animal traction, 226 
use of forehead yokes, 29 

Impkmcnt faetoty, dual sector, 177 
Steel yokes, 63 

LmtlltR, 141 
Uaison channels, 236 
Loadcells, 157 
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See Forestry applleatio~ 
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Madagascar 

cart wheel manufacture, 120 
RevcrsiipIows, 92 
Sledge& 118 
Sugarcane erushcrs, 149 

Malawi 
mw~akcs, 42 
Forcstty operations, 155 
Implement factory, private sector, 177 
Ridge cultivation, 93 
spare parts WPV, 189 

malaysla 
Flcxiblehamcs, 57 
skdgc!3$ 119 
l’jrcooihs,. 56 

Mali 
Camel plowing 49 
ciwara toolbar, 107 
CMDT-Blacksmith scheme, 193 
Impkmcnt factory, dual sector, 177 
OHV Scheme, 194 
Riding cattk, 62 

Mudgem 147 
Ma 149 
Maaukture of implements 

Diiposable~ plows, 183 
Burcaueratie implications, 182 
Competition from donor-funded imports, 
Demand and supply, village level, 195 
Fti policies, 181 
Information sources, 1% 
Kit assembly, 194 
Largc-!3cak, 177 
Location of workshops, 181 
Maresha ard, 83 
Methziologieal stages, 79 
Need for farmer feedback, 186 
Policy implications, 1% 

182 

Private sector, I77 
Probkm of surplus eapadty, 178 
Production @ems, 178 
Public seetor, 177 
Seasonal demand, 181 
Spare part supply, 187 
Tender distortions, 183 

Manufhture, village level 
carts, la 124,129 
CMDT-Blacksmith Bcheme, 193 
COBEMAG, 192 
Consumer demand, 195 
Ethiopia, 185 
Gear systems and mills, 152 
Harnessing, 45,48,55,63 
Harroq 95 
Important roles of blacksmiths, 191 
OHV-Blacksmith scheme, 195 
Options, 198 
Spare parts, 189 
Traditional, 177 
Training requirements, 195 
Water-raising system 144 
Wheels for carts, 120 
zaltc, 195 

Martsha ard plow 
Broad-bed and furrow eultivvion, 143 
Construction, 83 
Modification for sin$c animal use, 38 
Modification for terrace formation, 143 
Sources of information, 143-144 
Tillage action, bl 
Use with single animal, 85 

Mass and welgbt, 17 
Mnurltanta 

Artisanal training, 146 
MPurltlus 

Cart wheel manufacture, 120 
MechanIcal principles, 15 
Mechaaizatian policy 

Effects on local production, 183 
Grinding mills, 153 
Water-lifting equipment, 145 

Metabolic energy, 19 
Metric units and conversions, I9 
Mills 

GATE invohrement, 220 
GATE Projebr, 15 1 
Information sources, 149,152, 154 
Millet, 151 
Oil-seed, 149 
Traditional, 149 
University of Warwick, 227 
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Fore~yuses, 155 ’ 
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ILCA Aniial Traction Research Network, 219 
RNAM, 224 
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VITAnews, 228 
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See also AFRC-En&wering 
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tiiger 
’ Blacksmith training 1% 

Camel ham&, 50 
Camel plowing, 49 
Training manuals, 115 
Yokc,sizcs, 35 

Nigeria 
camel plowing, 49 
Forcstry operations, 155 
Ridge cultivation, 93 
Str& 107 
Strad cultivator, 79 
‘I-ted ridges, 138 

Nollc, Jean 
Ariana development, 108 
Houe Sine development, 107 
Wheeled toolearrier development, 133 

Nominal size (of yokes), 35 
NorthMkica 

Camels, use of, 48 
Cart wheel manufacture, 120 
Mixcdttxms, 40 
Pack donkeys, 117 
Use of ard plows, 83 
Water-raising equipment, 144 
Yokes for horses and mules, 42 

North America 
Animal-powered gear systems, 149 
Horse collars, 46 
Mowers and reapers, 134 
Yoking system 33 

Nest rings, 51 
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National lkison committtt 

Tanzania, 226 
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Draft measurement, 159 
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W. A. Farming Systems Research Network, 218 
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OHV, 194 
On-f&n trials 

Broad&cd maker, 143 
Farmer assessments, 169,175 
Farmer evaluation of implements, 80 
Fertilizer applicators, 136 
Single yokes, Ethiopia, 39 
WheAed toolcnrriers, 133 
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mustration, 102 
=-Bard 

Description, 81 
De&n features, 84 
Development in Latin America, 84 
Peru, 224 
Tii~action, 81 
Use in swamps, 113 
Use with single animal, 38 

hd=ipnl 
-w% 222 

plans, donlrcy 
Sudan, 225 

Plows, doulilt ftumv 

\ &. ,.$.. “,,> .-. 

;gil ; %. ‘>L>. 

-., I _ ,:y*-, i .i 
,~?<.. .1_ ” =:, 1 : 

u c .,r .‘-\ 
_.~ ..,, ‘;:‘“, ’ . ’ ‘-\. ,,.’ 

: ;“ ” 
. . “’ ‘, . 

/7_ .. j i .:“,;- ,‘, I”:: j.g “; ;-.-:: _,-‘” . ‘,“.. _; ;- -” :-.: .:,s< .” .- ~ 1. -,J, _ \,.‘.,.-,~-. ‘_ . 

‘Z?$! ; ‘.Z : _&.. ,./. -- r,-. 
,( ; 

-,-, I 

,s.:.. >-. .-:.:.-. ,_I._ y.1 i 
i : s 5 

2 ;-.. .- % 
‘,- -_ ,‘: ‘, 

__ ~.. 1 

t . . . ..I. -< _ _ I 
-;..r, - 

- 

h&i 
. 

‘, 

R 
Row materials, 195 c 

Prototype made by blacksmith, 194 
-I-a-y& 226 

l’4ows, mouldboard 

Ezv!s’z; 
Dcseriptidn, 86 
Diiposablc, 184 
Double furrow, 91 
Rffcet of adjustments, 159. 
Forecsaetingon, 18 
Horizontal adjustment, 26 
Kenya, 222,’ 
Matawi, 222 
Morocm,223 .- 
Mouldboardtypc+ 89 
Mozambique, 223 
.Ni@r, 221 
origin, 86 
Partsof, 87 
Pitch adjustment, 26 
~Prineiplcs of adjustment, 26 
Reversible, 92 
Sudan, 225 
Togo, 227 
Use in swamps, 113 

plows, reversible 
Advantages, 92 
Description and action, 92 
Disadvantages, 92 
Madagascar, 92 
Use in swamps, 113 

Plawg ridging 
Description and function, 92-93 

Pluwaharr alzc 
Definition and sigifieancc, 88,90 

Poland 
Animal-powered gear systems, 149 
Root hatvcsting implements, 134 

Po&uklw, 133 
Pond excavation, 141 
Portugal 

Yokes for mules, 42 
Post-harvest operations, 148.149,151,153 
Potato4wvesting implements, 134 
Power, definitions and principles, 21 
Pro&U Equipment; 228 
Pumping rates, 148 
Puncture problems with carts, 126 
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Problems in obtaining, 191 
Spare part provision, 187 
Water-raising systems, 148 

Research on barnesq;ing 
Bolivia+29 
Criteria for research 
Grganizations undertaking &search, 72 

Reve&bie plows, 92 
Rice pMduction 

Harvesting, 115 
Impiements for, 112 
Levelling, 114 
Levelling boards, 141 
Mail, 220 
Puddling, 114-I 15 
Research at IRRI, 224 
Scoops for levelling, 140 
Swamp cultivation, 113 
Transpianting, 115 

Ridge cultivation, 93 
Ridge-tiers, 138 

See also ‘Bed ridges 
Ridgers - Piowing 

Malaw& 222 
MoroccO, 2s 
Niger, 224 
Nigeria, 224 

Ridge- Eorcbiog-up, 94 
Ridging piaws 

Description and function, 92.93 
Riding cattle, 62 
RIIC, 218 
Road construction, 156 

Harnesses for, 64 
Roiiers, heavy, % 
Roiiiog movements, 26 
Roiling iqjection planter, 97 
Rolling weederhushcutter 

!k Weeders, Roiling brush cutter 
Root iifters, 134 
Roots and Tubers 

Animal-powered cassava grater, 150 
Harvesting implements, 134 

Rope engine, 149 
Row markers, 102 
Rumptstad, 223 

s 
SADCC, 218 
Saddles; 45 
SAFCRAD, 218 

Ridge-tiers, 139 
Sakia, 144 + 
Sales agents, 185 
SATEC, 219 

Sudan, 225 
Sawdtit-packed tyres, 221 
scoops, 140 
Scratcbpiow, 81 
!Sccond-band quipmeat, 189 
Seed barrow, 97 
Seeders 

Advantages, 101 
Blacksmith innovations, 194 
Botswana, 217 
Descriptions, %-97,99,101 
Disadvantages, 101 
Drills, 98 
Ethiopia, 219 
Fertilizer applicator attachments, 137 
Hand-metered, 98 
Inclined plate mechanism, 101 
Method of operation, 97 
Multi-row, 101 
Niger, 224 
Plow planters, 102 
Precisii, 98 
Preparation time required, 168 
Problems, 101 
Roller mechanism, 99 
Rolling injection planter, 97 
Sudan, 225 
Super Eco type, 99 
Training manual, The Gambia, 99 

seiection 
See Implement selection 

Senegal 
Adoption of seeders, 101 
Blacksmith training, 1% 
Groundnut lifters, 112 
Harnessing systems, 7 1 
Houe Sine development, 107 
Implement factory, private sector, 177 
Manufacture of mills, 152 
Water-raising SyStems, 147 

Share size defined, 88 
Sierra Leome 

Animal-powered gear and pump, 150 
Artisanal repairs, 187 
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Implement selection, 76 - __ 
Sol1 

Effects on implement drab, 157 
Obstructions, 74 

Sumalla 
Cattkaspackanimab, 118 

Southern Afkica 
Lack of twlhr uptake, 110 
Multiple teams, use of, 40 
Skdges, 118 
Withers yokes, 32 

spplr pprtPwi-4 187-190 
spring tioes, 103 
SliLlUlkB 

Water-raising systems, 147 
Stan~rd units, 15 
Stms, 32 
Strad cultivator, 79 
Sudan 

Camel plowing, 49 
Cattie as pack animals, 118 

Sugarcane crusbeIs, 149 
Sup lko seeder, 99 
swampcultivation, 113 
Swaziland 

Fixestryoperatious, 155 
Multiple teams, use of, 40 
Training manuals, 1 l-5 

swedisb coopemtioo 
Mmambique, 223,226 

s-mlplarr, 89 J 
!swiJ@e treq 35-36 
Swia8 qpmizations, 226 

Tanzania 
Double furrow plows, 91 
Implement factory, dual sector, 177 
Implement factory, G0+ment-&pported, 
Multiple teams, use of, 40 
Weeder roiiers, 139 
Wheels’with string spokes, 121 
,Woodenbearingq 125 ’ 

Terrace formation, 142 
Tb&nd 

Buffalo collars, 58 
‘QrecoUars,56 

‘Three-pad collar harnesses 
Advantages, 55 l 

’ Belkrive Foundation, 226 
Bolivia, 29 
Burundi, 60 
Disadvantages, 55 
Evolution of, 33 
Illustration, 28,54 
Origin in Switzerland, 54 

Tied ridges 
Burkina Faso, 218 
Description, 138 
IIT& 224 . 
Iliustration, 138 

Tillers InternatIonal, 228 
Tine cultivation 

Botswana, 217 
Zimbabwe, 229 

TIRDEP, 226 
Cooperation with University of Giessen, 220 

* Togo 
Triangle ttxlbar, 108 
Implement factory, 177,227 

iboWS 
Anglebar, 107 
Arara, 104,107, 192 
clwara, 104, 107 
Houe Ckcidentale, 105 
Houe Sine, 104,107 
Introduction, 107, 109 
Kanol, 84 
Kenya, 221 
Lesotho, 221 
Malawi, 222 
Mali, 222 
Niger, 223-4 
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Togo, 227 
Triangle, 104 
u5ibar, 107 

Todfiames 
Advantages and disadvantages, 108 
Ariaq 89,108 
HoueSaloum, 108 

Tmctive effort 
Principles involved, 24 

Trailers, 129 
SeealsoCarts *. . 

Trainiq centres 
Tanzania, 226 
Zimbabwe, 229 

Training manuals 115 
FAO, 221 
Niger, 224 
Zimbabwe, 229 

Training of animals 
Rein @terns, 5 1 

Training, extension workels 
Niger, 223 

Treadmills, 153 
Triangle cultivator/toolbar, 104 
Troplcultor, 133 
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Cultivation with multiple teams in India, 4D ' 
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Cameroon, 218 ’ ’ 
Option for implement ownership, 139 
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IL0 involvement, 226 ‘-, 
Implement assembly, 218 
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UNIDO 
Address and details, 217 
Information source, 77 
Lesotho, 221 

Units, definitions and conversions, 19 
Uoiversity of Giessea, 140 
University of Hohcnheim, 176 
u5iversity of Warwick, 149 
u5ivemity research 

Edinburgh, 227 
Giin, 220 
Hohenheim, 220 
Kenya, 222 . 
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Wamlck Uhiversity, 227 
Water conservation, 140,142 
Water bgrvestiag, 140 
Water lifting 

AT International, 228 
Morocco, 223 
Senegal, 225 
Sudan, 225 
University of Warwick, 227 
Zimbabwe, 229 

Water-raising quipment, 144-148 
Water-raising systems 

Information sources, 148 
Weeder rollers, 139-140 

Inbrmation sources, 140 
Rolling brush cutter, Tanzania, 226 
University of Giessen, 220 

weeders 
Advantages, 106 
Diidvantagcs, 106 
Discs, 107 
Duckfoot points, 102 
Houe Manga, 104 
Kenya, 221 
Multirow, 106 
Nigeria, 224 
Operational problems, 106 
Over-the-row, 106 
Roller weeders, 139 
Single row, 105 
‘lhe Strad, 107 
Sudan, 225 
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Tan&a, 226 
Tinebptii 103 
mngk, 104 
‘z)pes, 1cQ 
Weeder roller information sources, 140 

w=-ll 
Length of yokes, 35 

Weight and mass, 17 
welt Atkka 

Animal-powered gears, 150 
Head yokes, 30 
withers yokes, 32 

whe&d toolcalrlers 
Adapted as ergometer, 69 
Advantages and disadvantages, 131,133 . 
Broad-bed and furrow cultivation, 142 
c!artfundions, 129 
Description, 131,133 
Devetopment history, 131,133 ’ 
ICRISAT involvement, 221 
Inappropriate designs, 183 
Lesion from research, 78 
Mower attachments, 135 
Niger, 221 
Preparation time required, 168 
Ridge-tying attachment, 139 

wheels lbr carts 
Advantages and disadvantages, 121-122, 124 
Bearings, advantages and disadvantages, 126 
Braking systems, 128 
Bush bearings, 124 
cattyreq 123 
Friction effects, 18 
Impticatror~ of size, 122-123 
oil-soaked lEarings, 125 
Pneumatic tyre 122 
Punctures, 126 
Sawdust-filled tyres, 126 
Sisal spokes, 121 
Split rims, 127 
Steel spokes, 122 
Wooden spokes, 120 
Wooden, no spokes, 121 

Wdrem, Definition, 27 
Wo* Definitions, 19 
Work output 

Animal limits, 171 
Farmer assewnent, 172 
Measurement (organizations), 217,219,224,228 
Prediction of, 171 

Work outpu& mtasurement 
AFRC-Engineering invotvement, 228 
Bolivia‘29 

Buffaloes, Edinburgh, 59 
Buffaloes, Tbaiiand, 58 
Costa Rica, 69 
Factors affecting, 162 
Harnessing systems, Thailand, 58 
Harnessing, Bangladesh, 69 
Harnessing, Burundi, 69 
Harnessing, India, 69 
Harnessing, Thailand, 69 
Human im%tences, 165 
ICRISAT, 224 
Importance of distance travelled, 171 
Interpretation of data, 174 
Mar&a ard, Ethiopia, 83 
Non-working times, 167 
Principles, 19 
Question of necessity, 174 
Role of CIVM, 227 
UK, 69 
USA, 69 
Yoking systems, India, 59 
Zimbabwe, 229 

Work mtes 
Measurement and interpretation, 172 

Y 
Y&s, 61 
Yams, Harvesting implements, 134 
Yawing, 26 
Yokes 

Adjustments to, 35 
Belly yoke, 60 
Donkey, 42 
Horse, 42 
Joug de come, ?a 
Joug de garret, 28 
Jotrg de nuquc, 213 
Joug de t&e, 28 
Jougfrontal, 28 
Joug, definition, 27 
k%i Meets, 24 
MUL, “3 
Nominal stze, &.I 
Padding for, 32 
.‘ractical problems, 66 
Recommended definitions, 29 
Single, 35 
See also Yokes, single 

Yokq forehead 
Bolivia, 29 
Double, 29 ’ 
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nl~tion, 28-29 
mlk 29 

Yokrs~ 
Advantagesof, 31 
Characteristimof, 31 
Definition, 28 
Diitagesof, 31 
Fittlq 66 ’ 
Forestryuses, 31 
nl~~, 28,30 
Method of attachment, 31 
origin, 71 
Single, 37 
Transport uses, 128 
weeding with, 35 

Yoke& llolll 
Characteristics of, 31 
Definition, 28 
SeealsoYokes,head 

Yoke& neck 
Definition and problems with, 

Yokes, shoulder 
Demiption, 32 
See also Yokes, withers 

Yokes) single 
-w-, 36 
Buffalo, 35 
Disadvantages, 36 
ni~tratioa, 28,35 
Transport applications, 36 
Use with swingle tree, 36 

Yokts# withers 
Advantages, 33 
tamer, 49 
Collar-type, 57 
CBstruction in Ethiopia, 63 

Description, 32 
Didvantages, 34 
Efficiency measurements, 59 
Fitting, 66 
Illustration, 28,32&t 
origin, 71 
Single, 37 
Steel, 32, 63 
Transport use& 128 
Weeding with, 35 

z 
zuke 

Village-level manufacture, 195 
wheels for carts, 121 

Zambia 

29 

Donkey harnesses, 48 
Evaluation of cart bearings, 125 
Harness manufacture, 55,65 
Multiple teams, use of, 40 
Training manuals, 115 
Wooden block bearings, 125 
Wooden wheels for carts, 121 

Zebu cattle 
Effect of temperature on work, 163 
Forestry uses, 155 
Position of withers, 27 

Zimlbahwe 
Donkey yokes, 42 
Flexible harness, 57 
Implement factories, private sector, 177 
Multiple teams, use of, 40 
Ridge cultivation, 93 
Training manuals, 115 
Yoke sizes, 35 
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