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Preface

Long neglected as a relic of bygone days, animal traction has in recent years gradually
reemerged as a topic in development policy and technical discussions.

Since the early sixties, the German Technical Assistance scheme has supported not
only the use of draft animals but also the testing, manufacturing and promotion of
suitable implements and equipment.

As one of the spiritual fathers of this field, B.H. Doormann (Dipl. Ing.) played an
essential part in initiating the production of this manual. However, Mr. Doormarnn,
who died in August 1980, was not able to witness the publication and rebirth of the
ideas he so passionately advocated.

Nevertheless, he did live to observe the increasing momentum cf his ideas and the
wilingness of a new generation to provide more than just vocal support for the use
of draft animals — this generation was preparad to become actively involved in its
promotion wherever feasible.

As a representative of this group, Peter Munzinger invesied a great deal of patience,
determination, critical expertise and enthusiasm into compiling and editing this
manual. We wouid like to express our special thanks to him and all his co-authors.

There are few tasks more fascinating and rewarding than to contribute to developing
and safeguarding an appropriate energy supply to farmers in the Third World.

The GTZ series has rarely featured a publication which tackies a long-standing
problem in such an up-to-date fashion as this joint venture of the Max-Eyth-Gesell-
schaft and the GTZ:

The German edition was first published in February 1981, in time for the 75th anniver-
sary of the Max-Eyth-Gesellschaft fir Agrartechnik e. V. (MEG) and 145 years after the
birth of Max Eyth, the founder of the German Agricultural Society and also the first
German promoter of mechanised farming in Africa from 1862 to 1866.

Max Eyth could not anticipate future developments. However, analyzing the past
should give us more insight and foresight and obiige us to plan for a future which is not
geared to the ruthless exploitation of resources but fosters their sustained equilibrium.

February 1982 Klaus J. Lampe
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Preliminary remarks

The use of animal traction power — which is to a very large extent a renewable energy
souice — will in the future continue to be of enormous importance for many agricuiturai
holdings in Africa and its significance will probably increase still further. This
hypothesis is supported in particular by the permanent worldwide shortage of fossil
energies, for the resultant increase in the cost of conventional types of energy is al-
ready having disastrous consequences for some African countries.

The severe population pressure means that there is a need for measures to intensify
agricultural production and the spread of the use of draught animals, in combination
with suitable implements, must be regarded as an entirely suitable form of moderniza-
tion. In many cases it is this which facilitates the only economically practical form of
agricultural mechanization.

The major objective of this book is therefore to provide information on questions con-
cerning the use of draught animals under African conditions. It is aimed at the
specialists and development planners working for national and international develop-
ment cooperation organizations and dealing with the use of draught animals ir: Africa or
other parts of the world. The handbook is also intended for decision-makers within
national authorities.

The book consists of three parts, the major elements of which are closely related to one
another®’.

1. Part A gives a brief survey on the development of animal traction to date in the vari-
ous African countries. Among other things, a list is given of the most important na-
tional and international organizations which have already become involved in the
spread and support of the use of draught animals. The references to further litera-
ture, reports and project information give the reader, i.e. in particular the planner of
new development projects involving promiotion of the use of draught animals, the
basic information necessary for intensive preparation.

"' The handbook contains a number of gaps, particularly in the area of empirical research, since
it was not based on independent surveys by the authors. The entire work is instead founded
on the analysis of various sources of literature, project reports and individuat studies, which
not only constitute a random selection but which also in some cases contain inade-juate and
insufficiently detailed information on the topics under discussion here. Nor can the authors
ciaim to have included all reports on the topic “Use of draught animals in Africa” produced
both nationally and internationally.

The authors request that these limitations be borne in mind when the handbook is used.
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The discussion of the conditions limiting and factors influencing the use of draught
arimals will serve to increase awareness of the special problems, while the
checklist (Section 4.4) is intended for detailed data collecticn and preparation of the
plans for corresponding development projects or project measures.

Part B deals with detailed questions and individual aspects of the use of draught
animals, i.e. it contains the real basic informaiion. In addition to discussing livestock
husbandry and animal heaith (specially related to the use of draught cattie),
together with a description and discussion of the various types of harness and
implements, it contains the most important comments on the topic viewed from the
point of crop-growing ecology, economics, technical aspecis and socioethnological
factors.

The aim of this part of the handbook is to provide comprehensive specialized knowi-
edge for the actual project planning process.

Part C uses four case studies to docur - it suitable promotional approaches for the
use of draught animals in Africa. It is shown how the development of the use of
draught animals can be supported in a variety of different ways on the basis of given
preconditions. Problems of implementation are included 1o a large exient in the
discussion and descriptions.

P. Munzinger
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1. Introduction

Problems in the mechanization of agricultural production in develop-
ing African nations have been the cause of major controversy for
many years, Differing cpinions on agricultural mechanization strat-
egies have to date had a not inconsiderable influence on the develop-
ment plans of the countries in question, and this not always to their
agvantage. In some cases - and there are numerous examples of this-
the choice of a too highly advanced and therefore complicated form
of mechanization led to misdirected develcopments or to uneconomical
development projects wnich above 2ll failed to take actual needs

intc account.

In developing African nations development planners are confronted
with the fact that widely varying levels of mechanization are to
be found there in the agricultural production preocess. To simplify
matters three levels as described below can be distinguisned and

}
this classification is used throughout almost the entire handbookl’:

a) The manual labour level, which in actual fact inveolves no "mech-

anization" at all, is characterized by the use of simple tools
and implements in manual labour only. Even today this is still
the most freguently encountered form of land cultivation in Africa,

particularly in the case of zsmallholdings.

b) The draught animal stage is the beginning cf "intermediate" or

"appropriate" agricultural mechanization, whereby it should be
borne in mind that in some areas (e.g. North Africa and Ethiopia)

the use of draught animals has been traditional for centuries.

¢) Tracteorization is a modern, highly advanced form of agricultural

mechanization and involves a wide variety of designs and types

of tractors and implements.

In accordance with the aim of the handbock this part will firstly
provide a certain amcunt of basic information on the use of draught

animals in Africa. Following a more general assessment of animal

1) Based on CARRILLION, R./LE MOIGNE, M. {(1975), who suggest this simple way of
distinguishing different levels of mechanization. The breakdown could of course
be made in still greater detail,
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traction in comparison with other forms of agricultural mechanization
{Section 2), Section 3 gives detailed information, in the form of

country-by-country tables, on the use of draught animals as regardsl)

- the historical development and the main types of animals used;
- the regional spread and relative importance;

- important national and international organizations which have pro-
vided or are still providing appropriate support;

- local production opportunities for animal-drawn implements and
spare parts {including export possibilities);

- further literature, reports and research studies.

In conjuction with the subsequent brief discussion of framework con-
ditions and influencing factors (the discussion is continued in more
detail in Part B) this thereby creates an initial basis which can
already be of assitance when a decision is to be taken for or against
the use of draught animals.

The 'checklist" is intended for detailed data collection and prepara-
tion of the plans for corresponding development projects or project
measures; however, the basic prerequisites detailed in Part B are
essential before meaningful use can be made of this list.

2. Importance of draught animals

The following statements can be made concerning the present position
of animal traction within the framework of the development of agri-
cultural mechanization:

a) In most industrialized nations consideration of the relative ad-
vantages of motorized traction power in comparison with animal
traction power has led to gradual replacement of draught animals,
Emphasis today in the USA, in most Eurocopean countries and on many
farms in Asian countries is on the use of tractors (including
small tractors). The continued advance of motorization in agri-

y

1} Despite a shortage of information in scme cases {e.g. North Africa), which can
be attributed to a lack of corresponding project reports and general documents,
these tables are intended to give planners, appraisers and project personnel

the opportunity to establish suitable contacts and obtain more detailed infor-
mation.
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culture is in this case being curbed only by the recent energy
crisis and reconsideration of the growth ideology.

b)Y In areas which are less developed in economic terms, such as many
African countries, a number of attempis to motorize local agricul-
ture have failed. For this reason, and for those already mentioned
in the preliminary remarks, the use of animal traction power is
or will become a greater possibility here as an alternative form
of agricultural mechanization - only, of course, as far as the
framework conditions permit,

The selection and promotion of suitable "situation-related" or "ap-
propriate" agricuitural technolugiesl) with a view to solving the
agricultural production problems in developing countries is now being
increasingly demanded in view of the fact that experience with devel-
opment pelicy over the past two decades has shown that there have
been repeated failures in this area. For the greater part of African
agriculture, at least for that part of it based on arable farming,
the provision and use of sufficient traction power (=energy ' sources)
is still a crucial problem determining the sector's general develop-
ment efforts on the part of national and international sources of

development aid.

A number of major problems limit the use of "modern" agricultural
mechanization procedures and thus provide a certain amount of scope
for the keeping of draught animals and its promotion in this area.

Particular mention must be made of the following problems:

- The acute shortage of capital, beoth on the individual farms and
at the level of the national economy

~ The mostly fairly small holdings and their in some cases still
marginal market production

1) Definitions: The terms increasingly used in the discussion of
development policy in recent years, such as "low-cost technology", '"intermediate
technology" or “appropriate technology", are also applied to the use of animal
traction. In most cases they are intended by analogy to express the same meanirg
although it may be the cost aspect, the development level or the appropriate-
ness to local framework conditions which is in the foreground depending on
the starting point of the person doing the assessing.

All these terms are relatively controversial, since unconsidered use of them
can lead to confusion and misinterpretation.
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~+ The comparatively low standard of training of the farmers

- The continued lack of an infrastructure in most areas (e.g. main-

tenance and repair workshops).

Moreover, the technology involved in tractor use, combined with mod-
ern soil tillage, 1s not cnly too expensive for the majority of small-
holders, but has in the meantime also become too costly in the long
term for tne economic strength of some developing countries in Africa.
The latter applies in particular to the countries which, for want
of domestic energy resources, are hit by the increasing cost of mod-
ern technologies and cannot compensate for this c¢ost increase by
means of appropriate measures at natior l-economy level {(e.g, in-

creased production in other sectors of the economy).

Technoleogies such as the use of draught animals are frequently re-
garded as an intermediate stage on the way to "more ambitious" agri-
cultural mechanization. It 1is precisely the use of the term "inter-
mediate technclogy" which reinforces the view that a form of techno~
logy located somewhere between the "traditional" and "modern" levels
is appropriate for many developing countries., Why, however, should
the development generally lead from the manual labour level ta the
use of draught oxen and from there to the use of tractors?

The criterion for a decision for or against a specific form of agri-
cultural mechanization cannot be the development phase to which it
belongs, for in many cases the hand hoe is still the most suitable
tocl, whereas in other cases the use of draugnt animals deserves
particular promction and can be regarded for technical and economic
reasons as the only suitable form of mechanization practicable in
the long term. In s%ill other cases a direct transition from manual
labour to tractors may be economical and therefore advisable,

It is therefore impossible to give a generally valid answer to the
question of whether the introduction of animal traction in certain
ceuntries and regions of Africa is to be regarded only as an inter-
mediate stage. Far more decigive elements are the regional and situ-
ation-related framework conditiong and influencing factors in each
case, These may be subject - and this must be given particular con-
gideration when a decision is being taken for or against a specific
mechanization alternative - to substantial changes through the use
of the technology finally selected. A comprehensive situation analy-
5is, combined with a Correspondingly based assessment of long-term
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effects, must therefore be carried out before any form of agricul-

tural mechanization is supported.

The fact that animal traction undoubtedly fits into the concept of
"appropriate technology" is illustrated, f{or example, by the nature
of the effects it produces (cf. e.g. Part B/IV). Negative effects
of increased tracitor-based mechanlzation are sufficiently well known
and have been amply discussed, even though they are not alw.yc ad-
mitted.

By way of an example it should he simply pointed ocut here that in-
tense use of tractors may not just release members of the agricul-
tural labour force who can then find no alternative employment.
It can also lead to an increase in the number of large farms, usually
ot account of certain conmpetitive advantages, a process which is
frequently to the detriment of many small and medium-sized farms
which are undoubtedly viable. The differences in available income
resuiting from this developnent have severe negative effects in the
long term, particulariy in the social sphere,

Whereas many western industrialized naticns and their national and
international development organizations have in the meantime sup-
ported and further developed the concept of appropriate technologies
- and thereby also the use of animal traction power - socialist in

dustrial.zed nations are stilli for tne most part ccntinuing to reject
such promotion measures (of. =.g. MICHALSKI, 1974). The socialist
belief is that priority shoulid be given to agricultural develgpment,
in Africa as well, through the establishment of state farms with
modern technology, state-run machinery-hiring stations and agricul-
tural cooperatives. The support of smallholdings, which would un-
doubtedly result from the promotion of the use of draught animals,
is regarded as an obstacle to overall.economic and political develop-
ment. In the African countries which are aiming tc achieve a social-
istic economic system or maintain relatively close ties with social-
ist and communist industrialized nations this view has in the mean-
time led to a sharp reduction in the use of draught animals and the
respective abtempts at promotion in this field.

19




IMPORTANCE OF DRAUGHT ANIMALS IN AFRICA
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3. Development and situation

3.1 North Africal’

The use of draught animals for agricultural and non-agricultural
work has been traditional for centuries over much of North Africa.
Domestic animals (in particular also water buffalo) have been used
in this way for more than 3000 years, especially in Egypt in the
fiood areas along the Nile,

In other North African countries cows, oxen, horses, donkeys, mules
and camels (mainly used as pack-animalg) are still important sources
of energy for soil tillage, transportation, operation of irrigation
systems, threshing work etc.

As far as the historical development of the use of draught animals
is concerned, WNorth Africa thus differs quite substantially from
the rest of the continent, where the use of draught animals has com-
paratively 1little tradition and did not start - it 2t all - until
colonial days, although Ethiopia is an exception to this rule.

In Algeria and Libya (in part also in Morocco) the use of animal
traction has been severely reduced as a result of intensive tractor-
based mechanization on large private and state-run farms. It was
not only the large quantities of avajlable energy resources (particu-
larly petroleum) and the related foreign exchange earnings which in-
itiated this development; it was also founded largely on political
decisicons, In line with the aims of agricultural policy this trend
will probably continue in these countries, although it 1s highly
unlikely that draught animals can be replaced altogether, for animal-
drawn implements are stiil used to a certain extent even on large
farms; this can frequently be attributed to the lack of trained per-
sonnel and the shortage of spare parts and repair workshops for the
existing tractors and implements.

Tunesia and Egypt have not yet witnessed this degree of development

in the direction of large-scale mechanization, although a variety
of approaches have been tried in this area.

1) It was impossible to produce a country-by-country table for North Africa on
account of the generally poor information basis, i.e. inadequate data on number
of draught animals and implements, local production facilities for machines
and implements and a general lack of literature and reports on this topic.
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keeping and feeding of draught animals under the specific conditions

1)

of the region in guestion.

With its usually fairly light soils to be found over extensive flat
areas, 1its large cattle populaticon and its fairly low incidence of
the tsetse-fly (in comparison with Central and East Africa), West
Africa offers relatively good prereguisites for the spread of animal
traction. This fact was realized at an early stage by some countries
(e.g. Senegal, Mali, Upper Volta, Chad) and was accordingly included
in the overall aims of their agricultural policy. Table A/1 shows
that the use of draught animals has been particularly successful
in the countries accounting for major proportions of the semi-arid
savannah belt of the Sahara.

Fig. A/2: Harnessed donkeys being used to plough
a millet field in Senegal, West Africa,.
(Photo: GTZ Archives)

1) ef. documentation produced by the French research institutions B.D.P.A.,
C,E.E.M.A.T,, I.R,A.T. etc. (adresses in Section 3.6). Important re-
ports are included in the bibliography in this handbock.

24




TABLE A/): SITUATION AND DEVELOPMENT AS REGARDS USE OF DRAUGHT ANIMALS IN WEST arR1cal?

[COUNTRY | START/MOST COMMONLY | FEGIONS WITH RELATIELY | PROADTIONA. — [PRODICTION OF T DETAILED
USED ANIMALS EARGE-SCALE USE ORGANTZATIONS | DRAWN IMPLEVENTS | INFORMATIoN?
BENIN | STILL RECATIVELY [ MAINY NORTHERN Reglon | (DR I CCHARCTION]) COBLHAG (o ET AL C1065)
RO MEST MERIUAN | INPLLRATS 1 dop7: | FURIAER CaoniTion A S
S S PLANNED BY FAQ AGROPROGRESS. (1980)
7 500 PLOUGHS AND T
CHAD END F 1950, BECIN- | TSETSE-FREE ARERS, GEDT. FED. S0 GOUIEE [ (A T, (965
DAYS; 01 & FER IMPLEMENTS [N 1977 ' ARICOLE TE (EHRGIE ) 1576y
HORSES O BONKEYS |58 000 FLOUGHS TSCHAD/RJATENA) | TACHER,G: ETAL.(1969)
1 800 HGES ARD #L T]- LE MOIGHE /ZERBO" (1977)
PLRPOSE [MPL
14 000 CARTS
3 0 RIDEERS
GAMBIA | PROMOIED BY GOVERN- | ALONG GAVBIA RIVER, N i AE, s IFPLEVENTS MOSTLY | MATHEWS,H.D.P. (1976)
MENT SIRCE 3955, | HEAVILY INFLUENCED MNISHRY o v (IWPORIED P~ | P el DK (1976)
KORSES, DO BY SEREGAL SAS TEVELOPFENT, [SISCOMA. SENEGAL. | METTRICK. I, (1978)
0N LONBON
GHANA | SINGE EARLY UPPER REGION (NORTH- | GT7, VARIOUS  |NEW FACTORY BEING | KLINE C.K. ET.AL,(1969)
COLONIAL DAYS EASLAND NORTH): - | RISIONS, WERn- |SET P JNTARALE. | WATZOAL . C078)
OXEN, DOAKEYS 87 (F ALL FARYS USE HENT SUPPu (St 3.7) CASE STUBY ‘¢/TV
DRAJGHT OXEN,
IVORY | DA INTRODLCED | NORTHERN REGIONS FED: G 1) ABIA BIGOTY, (1976)
coasT | S DRAUGHT ANIMALS | GAPPROK. & 000 - CLDT INDUSTRIES | RENAUT, G, (19%6)
1l 1955 PRONDT 10K S0P 2) NOIRE-OUTILS. RUTHENBERGH (1%69)
IN CONJONCTION WITH AT VERSAH. A, (197)
GROWING: SheRE ... CToge)
HES (ZEBL.
MALT AROUND, 1905 OXEN, | WHOLE OF MALT EXCEPT | CMLD.T.. SHECHA. | BOSUERM. (1976)
S HASES, | SRR REGIOH, 1980; G0 WGtk FeD, OCAL CRAFT LAGEMAN, J, (1977)
TSETSCFEE AERS: | JERROX 240, 600 FAD/UNLP ; INDUSTRY UNDER- | FACK,
ZEBS AT OIEN INTENSVE STATE  [GOING DEVELGP- | N'DIAYE ALD, (197%)
TEIE-vEsTED INPLERENS. 1 1977 PROMDR [, "D A0 VALLEE . T A
N“DAA CATTLE 100 £03 Y8 ot IONALE. TF FOR- easE STV /1
TR MATION ET b7ANI-
54 700 HOES ;m[‘][RURALE):
10 500 HARAOHS wibe
53 39 RN IRILLS AGRICOLE).
(VGER | siee sounn toe0 \ADNEARING oions. | DRI (MG [ GOClETE | BT sy
eI IHPLEPENTS IN 1977 NIGERIERNE D (NIGERIEWE T | BRAUCH ). (1963)
DN LB RO | 00 PLOJGE COPERATION FT  [FABRICATION 1 1 (E MOIGRE/
¢ R | MATERIELS AGRICOLES| ZEERBO.J. (1977)
URPOSE JAELCMENTS | PRIALY TRIALS, '
0% L s
120 kil
3300 GROUNDRUT LIFTERS
NIGERIA | END OF 1950 NORTHERN, SEGIONS; USAID. FAO VARIOUS 10 | LAURENT,C.K, (1968)
RELATIVELY RAPID | OGLY TN TSETSE-FREE FANFACTORERS | BENADT G (Lo
: ARERS KLINE.C.K. ETAL. (1969)
(WHTTE FULANT) BOYD, J.E.L. ¢1973)
SENEGAL | SEED DRILLS INTRO- | WHOLE OF COUNTRY, FACCNRA; _  [SISCOMA, INTENSIVE | BAJRD.C. (3977)
DUCED A5 FAR BACK | [PPLEMENTS IN 1977 INTENSIVE ‘STATE  [RESEARCH) O ANTMAL | CASSE T AL, (1965)
e MBS | s s PROMOTION DURING  (TRACTION IN BAMEEY | FAYE. ). (1977)
DONETS, 0N, {5000 PLOU 60s AND 705 AR DARAR BARTH 1, (1966)
COWS (N DARR) B0 S48 s HADN M (1960)
S0l Gt WROBY B, (1973/76)
e PONNIER. 6. (1974)
38000 GRLLADNUT L [FTERS
1060 1910, LITTLE S60A0- | NORTIERR RECION, FED, GIZ, BIPA  |[WPLEMENTS AND | CASSE, ET.AL, (1%65)
BASED EFFECT SINCE: | OTHERMISE UNIN- (19633, [1T1E  [CARTS Ao LRAT. 1977)
XEN, DOWKEYS RORTANT PROMOTIOR ON~ | TMPORTED LERIT, ‘A, (1978)
THE WHOLE
UPER | OXEN (APPRIX. SOUTHERN AND CENTRAL IBRD. FAD, FED.  |PROMOTE BISBERGEILH, (1973)
VOLTA DO TENSS: REolons INDP, BOPA.  [SINE 1973 CENT GERADIN, .
KEYS FOR IMPLEVENTS 1N 1977 WINISTRY OF ‘OVER- [FACTORY WItH FIELD | FAD (1978)
RANSPORT P e pibs | SLACTEVELGERERT, [STATIONS TOR MALCOTFEE.C. (1970)
+ 1000 MOHES | CONDON, INCREAS-" [ASSEMBLY VENSAA.M, ' (1967)
e n, | [T REWY.6. {1972)
23000 HeE PROMOTION

1} IN GUINEA, GUINEA-BISSAU, L IBERIA, MAURETANIA AND S1ERRA LEONE THE USE OF DRAUGHT ANIMALS HAS EEEN OF ALOMOST ND
SIGNIFLCANCE TO DATE, NOR ARE THERE KNOWN TO BE ANv PROMOTION MEASURES [N THESE COUNTRIES,
2) SEE BIBLIOSRAPHY FOR THE HANDBOOK
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Az far as future use of draught animalg in West Africa is concerned,
tiie essential task will be to gtabilize this feorm of agricultural

mechanization through

credits and subsidies for smallholders

improvement of veterinary services and general extension services

intensification of fodder growing and fodder harvesting

provision of an adequate number of implements and the necessary

spare parts etc.

These measures are particularly necessary because many Wes. African
countries can empley complex technologies in their agriculture to
only a limited extent or not at all on account of conditions con-
cerning the individual farms, the econcmy and the natural environment

(in particular a shortage of appropriate resources).

3.3 East Africa

In contrast to West Africa, the use of draught animals was given
far less promctiocn in the past in East Africa and is therefore not
so widespread in this area. One exception, however, 1s Ethiopia,

where simple hook ploughs ("maresha') have been used for centuries

... (Fig. A/3).

“Although oxen, mules, horses and camels were used for a variety of
purposes (e.g. railway construction, pulling trucks on plantations
'etc.) during colonial days in other East African countries under
the various colonial administrations, the use of draught animals
as a whole failed to become popular on the local smallholdings.

The major reasons for this are as follows:

1. The relatively high incidence of seriocus infectious digeases (e.g.
East Coast fever, anaplasmosis, trypanoscmiasis etc.,) led to a
high mortality rate among heavy livestock. The less seriocusly
infected areas are generally not suitable.

2. The extensive separation of arable farming and animal husbandry
(the latter mostly only among nomadic tribes) in Jocal agriculture
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acted as a major obstacle., There were often also armed conflicts
between various ethnic groups.

3. The concentration of agricultural market production on plantations,
i.e. large farms which either employed a substantial amount of
usually local hired labour or used other forms of agricultural
mechanization at a relatively ecarly stage, was a process which
had been initiated during colonial days and not only prever.ted
local smallholders rrom forming the necessary capital but also
kept them largely at subsistence level.

4. In spite of a relatively low population density in much of East
Africa adequate labour for the necessary subsistence production
of food was usually available and there was therefore no urgent
need to make the work easier through use of draught animals.

Although the situation has now changed substantially, animal traction
is still little used on the whole, except in a Tew regions. 6 iz
true that promotional measures aimed at spreading the use of draught
animals were initiated by national or internaticnal development co-
operation organizatlions once the countries had gained independence,
but these have to date enjoyed only limited success on the whole.
flowever, it was possible to convince sgome East African nations of

the need for further support measures and this is today being partly

reflected in the <targets of these countries' agricultural policy
as regards mechanization.

2T AR . Pt i¥ 4\..&.“}5‘)5 E ¢ ‘éﬁ%
Fig. A/3: Ethopia: ploughing with local zebu
using the "maresha"; harness is a
simple withers yoke. (Photo: Reh)
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TABLE A/2: SITUATION AND CEVELOPMENT AS REGARDS THE USE OF DRAUGHT ANTMALS IN EAST AIPICA b

CONTRY | START/ADST COMONLY | REGIONS Wil RELATIVELY PROMOTIONAL PRODUCTION OF IIHAILE
USED ANIMALS -SCALE ORGANIZATIONS | IRAWN THPLEVENTS | INFORMATION
ETHIOPIA | TRADITIONA. . \ERY THROUGHOUT HIGHLANDS (S4F 3 HUFFNAGEL 4P, (1961)
IWPORTANT FOR PROX, 02 OF et o | (D tiker KWUTSSON.K £, ' (1969)
RRRIRS s, | Gt SOu% hadar | ook N (AUSEY plomces | KL CHbE T aL (160
MILES., CHELS. ANTMALS) 1978 SIFLL IMPLEMENTS | BORGET M. (1976 )
. DONKEYS” WIGBINGS. L. ET
KENYA EARLY COLONLAL DAYS. | IN SO H[GHLAND JRERS. | LD FAO/NIP,  [UARICLS KANAL | AELIELARETAL, (1975
TODRY ONLY OYEN A | PPERTANCE CROMI rE TIRERS (673,70, | HEVER, & (1979)
W SO CASE AGATH ON SHRLLIOLDINGS | SIATE supvRT OCAL € KLINE CKETAL, (1969)
DUNREYS FOR TRt - S SR | TR onaces | Solor i ide
PORT MINISTRY OF CARTS FRoM SCRAP™ | JOHNSTO.E.F. (1979)
AGRICULTURE AND | FARTS TN'S
KENYAN INDUSTRIAL |PLA
ESTATES
MADAGAS- |  FIRST ATTEMPTS EAST [nc T, NORTHERN MISERECR, FED, | SLEMA WITH BIDELE M, (1967)
CAR DURING COLONIAL | AND SOUTHERNPARTS OF | FAC, FAOZUNDR: |7 FIEC) WORKSHOPS; | HAUT DE $1GY.G, (1968)
DAYS, BROAD-BASED | TSLAND. “RID-WEST” . STATE SUPPORT,  |LOCAL CRAFT L[ MOIGHE .M, " (1979)
EFFECT_FROM 1900: | 1q75. BARIICILARLY | INGUSIIY PROMOTED | SCHERMER . (1566)
OXEN(ZEBU BREEDS): | 2725 : DURING EOs IN'SOHE PLACES
(SEE CASE STUDY | 163 000 PLOGHS
N PART ) 160 000 HARROWS
127 000 CARTS
MALAWI | SINCE COLONIAL DAYS:| MARGINAL AREAS AROUND | N,I.AE.. GT7: — [VARIOUS MANUFAC- | MILLS, J.C. <1973}
LOCAL BREEDS OF | LAKE MALAWT. HIGHCANDS: | MINISTRY'OF OVER- | TURERS (SEE 3.7) | MORRTS, .
OXEN, DOWEYS 1N READING A IOELOPERT,
DEDZA AND L1
LONGE' DISTRICTS GOVFRNI“'ENT Qe
MOZAM- | DURING COLONIAL | TSEISE-FREE AREAS, FAD/UNDP - NO IMPLEVENTS ARE | CARSON. S,P.(197%)
RIGIE DAYS_IN'SOIE HIGHLANDS %TATF SUF‘PORT IMPCRIED
PLACES 0 DAT
TANZANIA D FKAINLY O SUKUMA LADD (SHINYANGA | 1BRD. FAG/UNDP. | UBUNGO FARM JOUNSTON B.E. (1979)
PLANTAT[ORS [N REGION). ARUSFA REGION: | Qiz: INTENSIVE' | IMPLEFENTS, KLINE.C.K, | (1969
COLONIAL DAYS; NOMBER CF PLOUGHS SOLD: | STATE PROMOTION | TANZANIA WACHINERY | SINGH. J. (1977)
TODAY OXEN, 197 & 000 DURING 705 BUT" | TESTING UNIT LA O, (1969
DONKLYS, AFEW 197415 (00 VLRUT AR | (TAD), ARUSHA 1 T I (1978)
MIES TSETSE PROBLEMS! SUCCESS (SINCE 1957) A, (1980
UGANDA | AROUAD 1910 BUT | TSETSE-FAEE AREAS UNIDO. FAD/UNLP. | UNIDO WORKSHOP | DIMA., S.A./AMRANN. UF.
WITHOUT BAOAD-BASED ¢ IN HIGHLARDS 612 IN SHOTERUT (1974)
EFFECT, MORE RECENT MOST IMPLEMENTS | OKAL K. (1977)
PROFUTION SINCE I¥PORTED
1960; OXEN CANKOLE.
ZEBUS)
INBIA | PRACTISLD IS PAST  IRAUGHT OXEN UAT FAC, GTZ: START ~ [LOCAL PRODUCTION | FERNSEBNER (1379)
DURING BRITTSH ACLUIRED CERTAIN (F STATE cLprORI KA,
COLONIAL DAYS, IFPORTANCE TN SOUTH- FROM MINISTRY | CTHERWISE TFPORTS
o (FORMERLY EAST: PROPOT 10 CEBGRILICTURE | P B,
HORSES AND | ALSO’ TN NORTH-HEST MO WATER TEVEL- | ZARIE, SOUTH
OISy : OPMENT AFRICH

1) 1N SOMALIA AND THE SUDAN OXEN AND CAMELS ARE USED IN PART FOR TRANSTORT WORK AND TO OPERATE WATER SCOOPS FOR IRRIGATION.
BUT THESE ARE (STILL) OF MINOR IMPCRTANCE.

IN BURUNDI AND RWANDA ANIMAL TRACTION S OF ALMOST NO [MPORTANCE,

HIGH POPLLATION DENSLTY {COMPETITION BETWEEN MAN AND ANIMAL) ALSO PREVENTS [TS SPREAD,
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If it is possible to further 1limit the spread of the tsetse-fly,
animal traction {particularly draught oxen) can become considerably
more important in future in East Africa, for most East African na-
tions also lack sufficient natural resources of their own, available

on a long-term basis, to be able to introduce other forms of agri-

“* cultural mechanization on a large scale. Moreover, the fact that

the agriculture is for the most part based on smallholdings also
speaks in favour of the use of draught animals on account of cost
advantages for the individual holdings (see also Part B/IV).

3.4 Central Africa

In most Central African countries the development of the use of
draught animals is once again totaliy different from that in West,
East or North Africa. This is principally a result of:

- different climatic conditions,

- the dense natural vegetation found over wide areas (tropical rain

forest),
- the unfavourable living conditions for cattle, horses and donkeys,

- the traditional social structures.

Although heavy livestock are kept here too by nomadic tribes, this
is only the case in the northern grasslands (and in the tree-covered
savannahs). Most of the arable farmers in the rain forest zone (see
map in Part B/III) still use the shifting cultivation system, which
from the technical point of view 1s at the manual-labour level,

Here again, the first changes took place during colonial days. At-
cempts were made in some areas to mechanize the plantation-based
agriculture of the European settlers - this form of cultivation al-
ready having been introduced in part by them - using animal-drawn
implements. The majority of these measures failed and did not spread
to the 1local rural population,which largely retained its tradi-

tional system,

It was not until after independence that various former colonial
administration companies succeeded in inducing the 1local arable
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bhie Central Africon Bepablic, (Photo:




farmers in some regions to make |- 4 use of draught animals. ines

particular aim of this was to wi:  these fTarmers {or markei pro-
duction in order thereby to guar. = and promote the continued pro-
duction of export crops {(mostly - m1 and groundnuts) after indepen-

dence. The first attempts in this direction achieved somewhat varying
degrées of success and in many cases it was a long time before any
'positive effects became evident., Some of these promoticnal approaches
were later taken up by international development organizations and

continued in a modified form.

Seen ag a whole, it was possible to spread the use of draught animalg

only to a very small ~<tent on account of the comparatively unfavour-
able framework cond! ne {(gee also JSection 4). Moreover, other forms
of mechanization s~ ~2d to receive promotion during the early gsix-
ties (ef. e.g. Ki zt.al., 1967}, particularly on large farms and
those run by the 2. Here too, only mcdest success was achieved,
buit the beginnir: the development of animal traction nevertheless
received a sevs: rbaclk.

Fip, A/B: A sufficient number of field tracks must be created
N ‘and maintained for effective use of draught animals
for trangport work both on and off the farms.
{Photo: GTZ Archives, north-west Cameroon.)




TABLE A/3: SITUATION AND_DCVELGPMENT AS REGARDS USE_OF DRAUGHT ANIMALS I CENTRAL AFRICAD

BEING INTTIATED

CONTRY [ STARTAST COMMOIEY [ FEGIONS WITH | RELATIELY ooriow. 1 pRONCTION GE [ JETAED
USED ANTHALS G-SCALE mmmm DRAN IFPLERENTS | NFORPATION
CAPEROO | AROUND 1908 DURING | WORTH AND NOTH-UEST | FAC IBRD, EED. | TROPIC TN D0UALA | FOLRNIER, 4, (1970
GERWAN COLOIAL | CIRADITION FOR Gr, CF 6.1 e b e
DAYS. OWER (WiDE | ARCUND 40 YEARS) OiECOToN LI, Ko T10e)
ARIETY OF LOCAL (SOCIETE POUR LE NEUNHAUSERP, €701
BREEDS): N SOME DEVELOPPYED “ui)
CASES SONKEYS FOR CCTOM), FONATER
TRARSPORT CEOND finTONAL
IE DEVELOPPLIENT
RURALY, ~FUR
STATE FRCMOTION
PLAED
CENTRL | 1953, EAILURE NORTH VEST AND FAC, FID, 672, WIT LEIEATS | GROSSER, £ /FEIFEER. |
apricay | BECAUSEOF TSE- | NORTH OTHERMISE CEDT FPORTED FioM | . FTAL € 1977778
TSE-FLY, OMLY TSETSE PROBLENS R e | (oo MOREL. 3, (1966)
REPUBLIC | 0RCH TOAY PROMOTION ALREADY | (TROPIC COMPANY)

1Y IN ZAI%E, GABON, EGUATORIAL GUINEA AND THE COMGO THE USE OF DRAUGHT ANIMALS WAS TO DATE BEEN OF NO SIGNIFICANCE.

NO PROMOTION 15 KNOWN TO HAVE TAKEN PLACE. APART FROM A FEW MISSION STATIONS.

aids.

{Fhoto: Munzinger)

g A/B Productlon of simple drawn ploughs from scrap parts
% near Bamako, Mali. All the plough parts are forged
by means of communal work usirny relatlvely simple
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3.5 Southern Africa

Although the use of animal ftraction was already highly widespread
among white settlers over much of Southern Africa during the long
colonial period, it now plays cnly a secondary role in the same re-
gions, mostly only on farms owned by the African population. This
is the case, for example, in Zimbabwe or in the Republic of South
Africa, where the average holding covers around 900 hectares and
the large farms are in general fully mechanized with tractors and
related implements (BRUWER/CROSBY, 1977).

In some southern African countries, however, animal traction has
never been of major importance (e.g. Lesotho, Namibia) and has only
recently been promoted there on an experimental basis, here again
aimed specially at the African smallholders. Reports and detailed

accounts of experiences are unfortunately not yet available.

Wherever draught animals (mainly oxen) are already being used inten-
sively (e.g. in Botswana and Zimbabwe) efforts are being made, among
other things, to use animal traction in a more efficient and varied
manner by improving the implements (e.g. introduction of multi-pur-
pose implements).

National and international organizations have not yet implemented
direct promotional measures in Southérn Africa to the same extent,
for example, as in West Africa. This situation may change relatively
quickly, particularly if the price development of tractors and the
required implements, machines and operating supplies is increasing
as strongly as at nresent.

Local production facilities for animal-drawn implements, machines
and transport carts are relatively well developed, particularly in
Zimpbabwe and in the Republic of South Africa; ploughs, harrows and
other drawn implements, for example, have for decades begn exported
to neighbouring countries.

1) The lack of detailed information means that only very general statements can
be made on drawght animal use for this part of Africa and this is reflected
in Table A/4. Given appropriate ideas and a better information flow once this
handbook has been published this shortcoming could be remedied in a subsequent
revised edition.
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In some parts of Southern Africa the generally more favourable natu-

ral ccnditions for keeping draught animals, i.e. the

the better

low incidence

of serious infecticus diseases, climatic conditicns and

the available breeds of cattle well suited to draught work, form
a good basis for spreading the use of draught animals.
TABLE A/4: STTUATION AND DEVELCPMENT AS REGARDS USE OF DRAUGHT ANIMALS [N SOUTHERN AFRICA
COUNTE? START/MOST COMMONLY REGIGNS wlTH RELAIIVELY PROMOTICONAL PRODUCTEON OF DETAILED
USED ANIMALS ORGANTZATION DRAWN IMPLEMENTS | INFORMATION
ANGOLA ON “WHITE” FARMS OF LITTE (MPORTANCE NO PORMOT [OMAL iAW [MPLEMENTS NO LITE RATUR[
BURING PROTUGIESE TUDAT RECAL JSE AFRICAN MEASURES KNCWN : MOSHY IMPORTED : KNCWN ; ENFORMAT TON
(OLONI 5: ARMERS DID NOT A LITTLE STATC A FEW LOCAL PROVIDED ORALLY
LOCAL AND IMPORTED IJSE OF DRAUGHT ANIW\LS ?EPMP WORK -
ZEBHEBREEDS 5ED SHOPS EXIST
BOTSWANA AROUND 1900 SOIL EAST OF COUNTRY. UNIDR, NTAE MOST IMPLEMENTS PANNIHG, W, (19777
TILLED ALMOST ALONG FRANCISTOWN - MINISTRY OF OVER-1 [MPORTED FROM 0110, Jo AND
EXCLUSIVELY WITH GABARGNE RA!LHAY LINE SEAS DEVELOPMENT. | “OUTH AFRICA, LITERATURL LISTED
DRAUGHT OXEN, 50% OF HOLDING LONDON SMALL PRODUCTTON Y S
(AFRII(ANDERS) A SAlD 10 Wb DRAUGHT CENTRES TN GA- WILLEOEKS, (1960)
FEW DONKEYS BARONE AND
FRANCTSTO)WN
LESOTHD USE OF DRAUGHT 407 GF ALL HOLDINGS GFZ SINCE 1978 | NONE: I‘PORTFT} HO LITERATURE
ANIMALS STARTED ARC SAID TO HAVE FAD MOSTLY FROM N n'
.‘\KULJNU 153) AND LHHWI {MPLEMENTS SOUTH AFRTCA
SPRE. ¥ SLOWLY :
LOC AL CATTLE. A
FEW HORSES
REPUBLIC | MUC! USE OF OXEN. NO PROMOT IO WIERQLS PRODUC- | BRUMER, bt
OF Soumy | HORSES AND MILES O TION CENTRES, CROSEY. (LT,
f S DRALOHT ANTMALS GOODS HAVE
AFRICA N ALL SECTORS OF BEEN EXPORTED TO
A ECONDMY DURING NE IGHBOUR NG
ND COLONIAL DAYS COUNTRIES
NAMIBIA DRAUGHT ARIMALS
N{)w ONLY (OF MINOR
TANCE
SWAZILAND | BEGAN DURING THROUF HOUT LOUNTR{ N0 PROMOTION [MPORTS., MOSTLY NO L [TERATURE
COLUNIAL DAYS. PART [CULARLY ON KNOWN FROM SOUTH AFRICA | KNOWN
QDAY OXEN AFRICAN HOLDINGS
(I\FRIKA’VDER“
AKD L(]CAL ZLBl
BREFDS) AND
DONKEYS ARE USED
ZIMBABWE DURING BRITISH MOSTILY IN THE FORMER AFTER INDEPENDENCE VARICUS MANU- TRACEY, H, (1947/48)
COLONTAL DAYS TREBAL TRUST LANDS, ANIMAL TRACTION IS FACTURERS (CF, INFORMAT10% DRALLY
(OXEN. HORSES. 1.E, LAND CUL TIVATED PROMOTED BY | SECTION 3.7), PROVIDED 10 THE AUTHOR
ES, BY AFRICAN FARMERS THE GOVERWMENT ALSD SMALL RE- [N 198
L VERY IM- NTERNAS [ ONAL PAIR WORKSHOPS
PORTANT (MAINLY . SUPPGRT S DE-
R Ty i I R
DERS AND 7ERUS)




3.6 Naticnal and international organizations with experience in pro-

moting the use of draught animais

The list below gives in alphabetical order the addresses of the most
important organizations and institutions which have genuinely useable
experience reports and further information on the subjert or which
themselves support or plan projects concerning draught animal use
or implzment production in Africa. All these bpodies are repeatedly

mentioned in tne country-by-country tables in Section 3.2 - 3.5.

B.D.P.A. = Bureau pour le Développement de la Producticn Agricole,
202, rue de la Croix Nivert, 75738-Paris, France,

C.e.roMAVT. = Centre d'Evudes et d'Experimentation du Machinisme Agricole Tropiced,
B.P. 92160, Antony, France.

C.F.L.T. = Companie Frangaise pour le Développement des Fibres Textiles,
13, rue Monceau, 75008-Paris, France,

C.L.D.T. = Companie Ivoirienne pour le Développement des Fibre Textiles,
Abidjan, Ivory Coast.
C.il.R.A, = Centre National de Recherche Agronomique,
Bambey, Senegal.
FAC = Fonds d'Aide et de Cooperation, 20, rue Monsieur, Par's, France.
FAOQ = Food and Agriculture Organization of the United Nations,
Via delle Terme di Caracalla, 0O0100-Rome, Italy,
FED = Fonds Furopéen de Développement,
200, rue de la Loi, Brussels, Belgium.
GTZ = Deutsche Gesellschaft fiir Technische Zusammenarbeit {German Agency

for Technical Cooperation),
Postfach 5180, 6236 Eschborn 1, Federal Republic of Germany.

IRRD = Intermational Bankfor Reconstruction and Development ("World Bank"),
1818 H Street, N.W., Washington, D.C. 20433, USA.

irca = Internmational Livestocx Centre for Africa,
P.G.B. 5689, Addis Ababa, Ethiopia.

-N.I.A.F. = National institute of Agricultural Engineering,
Wrest Park, Silsce, Bedford, MK45 4H3, United Kingdom.

SODEPRA = Société pour le Développement de la Production Agricole,
Abidjan, Ivory Coast.

UNDP = United Nations Development Programme,
1, United Nations Plaza, New York, 10017, USA,

UNIDO = United Nations Industrial Development Organization,
Felderhaus, Rathausplatz 2, 1010 Vierma, Austria.

USATD = United States Agency for International Development,

Washingten D.C., 20523, UBSA.
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3.7 Manufacturers of animal-drawn implements in Africa

The majority of the manufacturers of animal-drawn implements and
carts listed here have been or are still being promoted by

the wvarious development cooperation crganizations. These small
companies are on the whole far too few in number to ensure that fhe
increasing requirements can be met on a permanent basis.

However, the manufacturers in many cases have immense problems in
procuring raw materials and producing goods of an adequate quality.
There are therefore still numerous opportunities for development
and promotion, for in some African countries these small enterprises

can undoubtedly initiate a certain process of industrialization.

1, West Africa

BENIN : a) COBEMAG, Parkoua
b) MECANELEC, Cotonou

GHANA : a) AGRICO Agricultural Engineering Ltd., Accra
b) Northern Engineering Company, Tamale

IVORY COAST : a) APIDJAN INDUSTRIES, Abidjan
b) IVOIRE-QUTILS, Abidjan

MALT : SMECMA (= Société Malienne d'Etudes et de Construc-
tions des Matériels .gricoles), Bamako

NIGER : SONIFAM/SEFAMAG {= Socniété Nigérienne de Fabrication
des Matériels Agricoles), Niamey

SENEGAL : SISCOMA (= Société Industrielle Sénégalaise de

Constructions Mécaniques et des Matériels Agricoles),
B.P. 3214, Dakar

UPPER VOLTA : ARCOMA (= Agence Rurale de Construction de
Matériels Agricoles), Duagadougou and Bobo-Dialasso

2. East Africa

ETHIOPIA : a) Ethiopian Metal Tool Co. Ltd., Addis Ababa
b) CADU Working Industries, Asella
KENYA : a}) NDUME Ltd., Gilgil, P.0O.Box 62

b) "Ploughs and Allied Instruments",Kisumu,P.0.B. 467

c) "Agricultural Tmplements"/Nakuru Industrial
Estates, Nakuru

d) IDEAL CASEMENTS Ltd., P.0.B. 45319, Nairobi

MADAGASCAR : SIDEMA (= Société Industrielle pour le Développement
du Machinisme Agricole), B.P. 14, Tananarive
MALAWI : a) AGRIMAL Ltd., P.0O.B. 143, Blantyre

b) Brown and Chapperton Group, P.0.B. 1528, Blantyre
¢} Petroleum Services (Malawi) Ltd.,
Ginnery Corner, P.0.B. 1900, Blantyre

1) This section does not claim to be exhaustive.
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TANZANIA : a) UBUNGO-Farm Implements, P.0.B. 20126,
Dar -es Salaam
b) TAMTU (= Tanzania Machinery Testing Unit},
P.0.B. 14, Arusha

3. Central Africa

CAMEROON : TROPIC, B.P. 706, Douala

4. Southern Africa

ZIMBABWE : a) Albert Amato & Sons, P.0.B. 2277, Salisbury
b} Arian & Co. F.D. (Pvt) Ltd., P.0.B.1802, Salisbury
) Bulawayo Steel Products, P.0.B. 1603, Bulawayo
d) Mealie Brand Froducts, P.0Q.B. 1059, Bulawayo
e) Pennel (Pvt) Ltd., R., P.C.B. 3375, Bulawayo
£} Purcell Engineering (Pvt) Ltd.,
P.0.B. Waterfalls, Salisbury
g) Rhoplow Ltd., P.0.B. 1059, Bulawayo

5. Addresses of manufacturers
of wheeled tool carriers

Ets. Mouzon, Construction de Machines Agricoles,
B.P. 26, 60250 Mouy (Oise), France

SISCOMA, B.P. 3214, Dakar, Senegal

National Institute of Agricultural Engineering
Overseas Division, Wrest Park, Silsoe,
Bedford MK45 4HS, United Kingdom

Mekins Agro-Industrial Enterprises,
5~16, EEI Estate Phase IT1, Balanagar,
Hyderabad - 500 037, India

Vicon Ltd., 35/5 Langford Road,
Bangalore -~ 560 025, India

Mledak Agricultural Centre (Equipment)
Cathedral Compound, Medak,
Andhra Pradesh - 502 110, India

The use of draught animals as a form of agricultural mechanization
is already comparatively widespread in places where local craftsmen
already manufacture drawn implements and carts using available ma-
terials (Figs. A/6 and A/7), for small production facilities of this
type are only worthwhile in the long term if there is a sufficiently
heavy demand by the rural population.

In a few African countries animal drawn tool carriers are of import-
ance, In future, there is a good chance for their further promotion
and ut% ization, Some addresses ofwell-known manufacturers are given
above.

1) Based on ICRISAT Information Bulletin No. 8, Additional information can be
obtained at the International Crops Research Institute for the Semi-Arid Tropics
F.0.B. 502 324, Andhra Pradech, India.







4. Conditions restricting the use of draught animals

and the factors influencing them

Before a specific type of egricultural mechanization can be intro-

e

duced as an innovation into the agricultural producticen process i
is essential to be familiar with the most important influencing fac-
tors and framework conditicons wh.ch could cause the project te fail.
In the case of mechanization based on animal traction the conditions
restricting or even preventing the introduction or spread of the
use of draught animals will be presented and briefly discussed in
1)

Lhis section. Taubh'~ A/% summarizes them and shows tne varying
o

but complex interr =ati . ships.

The statements mads here apply mainly to African conditions, since
only the factors relevant to this continent have been included. The
information is essentially based on experience gained in the course

of various development projects aimed at promoting animal traction.

It must be pointed out that not all the "limiting factors'" given

restrict the use of draught animals in general. Some of them, mostly

those resulting from natural conditions, often, for example, prohibit

the use of draught animals altogether., However, there dare numerous

examples of places where draught animals are used sucessfully despite
relatively unfavceurable framework conditions of the type described

below. The aspects listed, therefore, must not be regarded az comple-

tely 1limiting factors, since either suitable promotional measures

can be wused to change the local framework conditions accordingly

or the preject measures to be planned can -~ as far as possible -

be largely geared to the unchangeable factors.

The fact that local conditions vary greatly from region to region

mezns that corresponding variations must usually be included when

a project is actually being planned and a detailed and comprenensive

situation analysis is therefore essential before promotional measures '
are started. The '"checklist" given in Section 4.4 can act as a valu-

able guide in this area.

1) It cammot be claimed that all potential influencing factors are listed here,
since other factors may well be of greater importance under specific conditions.
The various aspects are discussed in more detail in the individual sections
of Part B.
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;ﬂéah ifioﬁéﬁfesoitingjfrom'natnral influencing factors

_The natural condltlons in a specific region are substantially more
:1mportant than other framework conditions, since in most cases they

ﬂare_at_the same time general indicators of whether agricultural pro-
'anotion'

is poss1ble_at all 1n the reglon 1n question The factors

“fn:Afr1ca whlch arlse as the result
':“efore be. set out flrst here and re-

ded asﬁthefprlmarylllm tlng factors.;__”~“

Severe. shortaggrof land

Theduse of draught anlmals has no 1ong term development potential
.1f tnere 1s a severe shortage of agricultural land and in particu-
;ﬁ;lar of arable 1and The question of extending agricultural areas
 ?7ras is usually done under African conditions using animal traction
“thereby plays a lesser role for the time being than the shortage

ofujfoddergxny the . pos51ble competltlon between man and draught

animéip(éiyen?a'}lgh populatlon denslty)

_If 'here 1s'a relatlve shortage of . land ‘there are possibilities

T 1m1ted keeplng of‘ draught animals through the utilization
of fallow areas and of way51de vegetatlon, narvest residues (straw,
:fshells,_etc ) or 1ndustr1al waste (e.g. 0il cake).

'ﬁ}Snortage of su1table animals

'dﬁaIf there are ‘no ‘Suitable animals for draught work this form of

- agrlcultural mechanization of course cannot be introduced and

”1mport1ng draught animals from’ other more . Te- i

_ "1dered only very cautlously-e
auses of the shortage {e. g. 1nfeotlousif
dlS ases) must flrstly behenalyzed and- ‘elimirated, anloh'uSuallylf
2 'mmense problems or 1s 1n many cases totally impossible. -

' Z:Serlous 1nfeotious dlseases

The . exxstence of serlous infectious diseases (e.g. trypanosomiasis,
”East Coast: fever) is a“major obstaclelw partloularly as regards

,wny_livestock_ aklng su1table draught anlmals - preventlng
,spread of an al tractlon JJl areas where arable farmlng 15




and p ofitable on account of the climatic n~on-

g Apbropriete.control measures on the part of a veterinary service
to-be ‘set up or promoted (see Part B/I), in conjunction with spe-
cted. extension, services. for. the animal OWNErS,. May . ...

the keeplng'of.heavyllivestock :and thus?*f

..beoome'._ 551ble. Such schemes, how-ff

'whlch'can 160panlZ€ all measures'

_.ne economlc p01nt of v1ew{

”Whﬂn a pPOJeCt:IS belng planned 1n thls fleld correspondlng cost-

ttorehand Thc comparatlvely compch probleme 1nvblwod in preoviding

na good veterlnary service, together with the p0551p1e introduction
tgand[or:.rearlng of disease-resistant breeds, should be analyzed

“.in as much detail as possible.

"Shortage ‘of drlnklng water

‘shortage of drlnklng water avallable throughout the year occurs

fln all arld and many Seml arld reglons ot Africa and is therefore
fa serlous 11m1t1ng faotor -Insofar -as arable farming is possible
*ﬁat ail 1n oases or as a result of short ralny seasons, it must
3:ﬁbe determlned on a hase to-case basis whether it is nevertheless
'w;;pPQCthalnln economlc terms to spread the use of draught animals
”.tbyeeinking:weils, possibly in conjunction with irrigated fodder-
" growing -

e iétéﬁeéfaef”;paftieuleleH-heaﬁy;iﬂshéilew,e"etehejV,oft'reet;tﬁf

elnce.elther the*anﬂmals cannot prov1de the necessary tractlon

ﬂpower-orfillllngtof the 5011 1s not p0551ble in- general

'number'of measuree can help to reduce thisg problem, .such as:

t lllng =f‘the 5011 at the optlmum tlme,'

;use of several teams,_partlcularly on heavy 50115 (the economic

'ﬁjaspects of keeplng several teams must be borne in mind),

stonee,

‘roots etc..



]of er051on

“JRPglons where there is a- serlouc risk of erosion as a result of
“fextreme topograph ,'1nsuff1c1ent vegetation, poor soil quality,
-Qheavy and sudden preolpltatlon or strong winds are less suitable

'for the use of draught anlmale Existing QTUDlOﬂ tendeﬂ01es may _
| inapproprlate uS° op ploughs, trea—fz

round by the draught anlmals overgrazlng etc

15 a Severe average gradlenf {more than

1’5 20%)_and hé road networxnis consequently poor, use of draught :opﬁ
'anlmals ig only;po551ble for the most part 1n' the flat valleys.

‘. théfose ofﬂdraught'animalé is'nevertheless to be promoted in

'fioﬁohjregions'on_acoount of other factors, the following measures

"5wopld_be possible ways of improving the framework conditicns (cf.
also Part B/IIT):

e tlllag@ and pldntlng along bhe contour llnes (contour ploughing)
:w1tn 51mu1taneous creatlon of er051on preventlon strips,

'oocreatlon of terraoes w1th approprlateplantlngof their edges,

'g.1ntroduct10n or- promo*:on of the cultivation of ridge-grown

"ocrops,.l'
_5-1mprovement of the °011 through the use of (farmyard) manure,

R oontrol'of surplus water in conjunction with rcad construction.

:'1'10ns of 5001ologlcal and ethnologlcal orlgln

; ence “1n:;development pollcy to datﬂ_ hab shown that w1th anjf“=

encinc facLors 1n partlcular play a TiJOF roTe alongSLde the patural
1nst1tutlonal and economlc cond1t1c1s PPOJeCt plannlng has often

‘fto t_ke SUfflClent account if soc1o ethnological questions,

w 1cn 1n part explalns the fallure of many development cndeavours.
.Tnls also applles 1n parulcular to the promotion of agrlcultu al
zxmechanlzat1on.'" '

ntlal to be as famlllar as p0551ble Wlbh the conditions
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dopt technlque

: _fthe ba31s for successful change in the case of any innovation
'”'formlng part of a development process. If there is no such will-
' i “tse;f 1n turn stem from,-"

h n”applled'td the use of draught anlmals as an 1nnovatlon th1s

.may’ mean, for example,.that:

.tradltlonal behav1our or spec1flc taboos (e.g. women are not

;allowed to ‘touch ploughs);

- tried and experieneed forms of division of labour and employment

restrlctlve and/or tradltlonal forms of organlzatlon,

other obJectlves,-_,g not connected w1th agriculture

_together w1th varlous other 1nfluen01ng facteors prevent adoption
“{;of the 1nnovat10n. ThlS can happen even 1if the use of draught
anlmals as an 1nnovat10n is offered only to a specific target

tgroup_as part of a spec;flc development programme.

Before corresponding development projects are started, therefore,

s essent1al to carry: out detalled 15001ologlcal studles Anoe e
' ' _eforehand bO a very large extent the alms,ﬂ}

w_lllngness 'to adopt _1nnovatlpns,z of the enV1saged tar‘get_,:'.=




ﬁcases proved to be a maJor factor 11m1t1ng the intro-

d_‘tion"bf anlmal tractlon (e,g. in certain parts of Zambia and

s_have therefore been made,_parallel Qe
: g ¥ “torimplement resettlement cam—_ﬁq
? Tl rsmtralned as draught-animal owners.
orre pondlng ‘project.  to: other ‘regions or village
north—west Cameroon,' ‘see _case study I in

is-to be taken 1n 1ts broadest sense,_l e. ranging from basic

_ hnd wrltlng skllls to 81mp1° ‘but permanent agricultural
exten51 n serv1ces¢,e“' ' '

.ﬁAs .far as long»term adoptlon of draught ahimals. is concerned,
:Lt has become apparent in many cases in the course of promotional
;ﬂmeasures that smallholders receiving relatively intense training
'”'fiand.cont;nuous advice on the keeping and use of draught animals
'hafefnot'oniy-adopted.this innovation earlier but also continue

2)

frequently. re "ise. to partlclpate 1n correspondlng programmes (OF ., s

- to use'it in the long term.” ' Farmers without any training at all

haV1ng 1nt1allyj“adopted the 1nnovat10n, return to thelr tradl— :
usewsystems at the flPSt S1ght of: setback or fallure}:

S of a draught anlmal through 51ckness or death breaklng“iueﬁ

rfof 1mplements supplled)

The inade uate_level of tralnlng and lack of permanent extension
serv1ces for’ 'the target group must ‘therefore - also be included

amo g*the factors hlnderlng the Spread of . animal traction.

basis of various discussions with development experts




Dependlng cnaff::”

_Hnlmal tractlon.

'_reglcn or

e opment of tne country,

ct1onsh1ps only the most 1mportant aspects which must be considered
gdurlng the planning process will be listed and briefly discussed
.fhere. A more detailed examination is always necessary in actual prac-

_ H'the "potentlal llmltlng factors" referred to below are also
4sub3ect tc changlng 1nf1uences, e g, ’1f pclitical changes occur in
nthe country 1n quest1on,'usually bringing with them a new economic
entatlon and dlfferent development pollcy objectives.

'fLack cf W1ll1ngness to promote technlques

7';;Tne 1nsufflc1ent ‘or non-existent willingness of political (and
 llec0nom1c) de01510n makers to make increased use of "intermediate"
"7 or "appropriate'" technologies - which, on the basis of our defini-
B the use ofranlmal tract1on 1n the agr1cu1tural pro—w__

fso called "modern” agrlcultural mechanlzatlon and
4he partial 1nabllity of those respon31ble to. coordinate various
;cefforts 1n agrlcultural mechanlzatlon which are fregquently de-
_iitermlned or at least heav1ly lnfluenced by external forces and
:”31nterests (e g. attempts by agrlcultural englneerlng companies

o'upen upia market) ' i :

ht51tuatione involve the spec1f10_ Lt
the' governments™ and * administrations ™ i
-Hraught ‘animals for both individual




“the: economy aS'a'WhOle;'A'positive influence could be
exe ed here,‘for example, by correspondingly motivated govern-
=g.ment*adv1sors who could formulate mechanization strategies geared
-jspec;flcally to the - agrlculture in the country in question.

le: fafmSinaither_?rQn'fﬁriyately or on a

f}ls a’ less favourable precondltlon for the promotlon or introduc-
°fft10n of an1mal tractlon. Under African conditions the use of
.'adpaught animals is at present mainly economically practical for
:émali:and medium-sized holdings (up to around 25 hectares). How-
_ever, local conditions may_limit this statement accordingly.
"{TDraught anlmals ‘can certalnly‘ also be used on large farms, as
'”ﬁls 1ndlcated ior 1nstance, by p051t1ve results in Tanzania and

.fBrazll Under present condltlons,- however, tractor technology

".fls usually stlll more profltable for well-organized large holdings.
ffThls may. accordlngly have negative repercussions for smallholdings
_”:as_far_as the rejection of animal traction is concerned if small-
wahaldinga-usingjanimalédrawn implements are forced to operate in

*gthezsame region as-efficient large farms using tractors.

Experlence.galned to .date has shown that such project measures
: ¥: only if. the: economlc 1mprovements for. the. small-"' ...
from{the use -of, draught ‘animals are substanti-:
bhose whlch could: p0551b1y be achleved“h;
ftractor usage above 51ngle farm level

Poor 1nfrastructure ¥) ff" _ _

When deflnlng the poor 1nfrastructure of‘ a country or progect
feglon.as conditlon restrlctlng the 1ntroduct10n or promotion
‘ of anlmal:tractlon,_lt must be borne in mind that as experience
:fahas shown,: tractor—based agrlcultural mechanlzatlon places far

,a'heaV1er demands on the exlstlng (or still to be created) infra-




'”f[However,_the demands imposed by the two forms of me-

:chanizatlon dlffer greatly in. part i.e, they are charcterized
5xfby varylng 1nd1v1dua1 aspects.

”"'equirnments of tractor technology, for ex-;ar.“u"

ranteedpspare part supply, draught anlmals can only be suooess—

there 1s an efflclent veterlnary serv1ce,‘

f{ 'there 1s an agrlcultural extension service dealing with the

"f approprlate tOplCS'

- credit and/or subsidy programmes for the target group among

the farmers are 1n ex1stence and are implemented;

fthe (addltlonal) produce obtalned through the use of draught
=-:anlmals oan be marketed profltably and at the righttime (prefer-
S aoly w1tnouc transport and storage problems});

'}sthe supply of agrlcultural;productlon inputs (e.g. seed, mineral
V'fertlllzer and - especially for the draught-animal owners -
*Zfdthe necessary implements and spare parts) is guaranteed to some
extent.

. sSome of these requlrements” apply.‘to..all types of agrlcultural

f.a _relatlvely restrlotlve effeot 1f not fulfllled partloularly'
When the 1ntroduot10n. of an1ma1 traotlon 1s_1nvolved. As long
as the 1nd1v1dua1 farms cannot be approprlately supported sup-
plled and aSS1sted and as long as they have no adequate marketing
opportunitles, an1mal tractlon. too, as_a form of "appropriate"
agr;oultura;,meohan;sat;on can oe.introduoed only very slowly,
ifat all. . | '

*Euenlif"the:majority'of farmers in a region have a positive atti-
“tude towards -the  use: of  draught. anlmals - mostly in areas where

anlmal”traction has already been used for ‘some time to a certain
Y ; ue ! ' (or improved) drawn |

;spread of the teohnlque.-

grloultural technology'.development measures, but they have'u'v'”:'l




The_reason for the lack of a sufflclent quantlty of implements
is often . the fact that most countrles have no local production

”hposs;bilitles_(cf, also TablesA/l - A 4) and cannot finance im-

artla‘ly_lmproved by'afnumber of 1mportant

_y measures such aS'
) 1 craft industry’ a1 production facil-
1tles (small workshops and factorles etc ),.. '
':;F60111tat10n of‘ the'import of‘ appropr1ate 1mp1ements or the

7&rww materlals necessary for local production (if the country
7]uin question lacks resources of its own);

- Provision of credits and/or subsidies for implement procurement
.ﬂby-individual,farmers.w-;3;”

Unfavourable prlce/cost ratlos

One factor 1mpos1ng partloular restrlctlons on the -economic devel-. .

iopment of most Afr1can holdlngs,_partlcularly the smallholdings
__?w1th a relatlvely hlgh proportlon of subsistence farming, is con-
:f_fstltuted by unfavourable ratlos between the price of the produce

ldand the- cost of the product1on inputs required, This is particu-
.”ﬂlarly.true-aS-regardS the introduction or spread of innovations

_requiring substaritial capital.

Use of_anlmal tractlon calls for relat1ve1y heavy 1nvestment on_
] rt.’ '“”armer"(or h1s fam1ly) “in’ order to:

Epr0V1d draughthanlmals and 1mplements._ln most cases thls 1nvest—:-
'nzlS 5 in. the long term profltable only 3 f a suff1c1ently-"

lhlgh prlce level can be guaranteed for the produce and if the;;

:productlon 1nputs also requlred can be made avallable at economl-QQT
lcalLy appr0pr1ate prlces. Agrlcultural credlts and/or subsidy -

.programmes are often the only effectlve ways of providing these

_uafantees.f_w."'“

EWhen a development project of thlS type is being planned, there-

imed=atkmeeting the:”bovewmentioned condltlons or overcoming almost




fThese act1v1t1es must then often be regarded

_ mlt_ng factors
__as supplementlng the actual pPOJeCt ‘measure "Introduction (or pro-
"'motlon) ‘of ‘the use of draught animals". Additional funds must be

ceordingly and: the“necessary local personnel_tralned foraﬁx

-he measures

4 MChecklist" for planning animal-traction projects -

“hé“éﬁéaklisf*given'héfe7ié*iﬁféhdéd'eéséﬁtially for use in an "ex-
.ante” 51tuat10n analy51s durlng the plannlng of development projects
“;involvlng the introductlon or- promotlon of the use of draught animals.
”fIt thus- prOV1des a series of guidelines briefly listing all the major
“-:crlterla which must be examined or borne in mind under African condi-
’1ons 1n congunctlon w1th the use of draught anlmals

_ThE:llSt 1s d1v1ded up in. accordance w1th Part B ‘of ‘the handbook,
since in some “cases reference must be made to sections within Part
Biin: “order to- a1d understandlng ‘and clarify various points. The sub-
;Ject matter of the individual : sectlons of - tq3 checklist was largely
complled by the relevant authors of ~Part B.

1In v1ew of the fact that data collection is of fundamental importance
.1n the analyS1s and particularly in the planning of development pro-
fJects the follow1ng basic - pr1n01ples should be borne in mind:

. The alms of “the 1nvest1gatlon have a d80151ve 1nfluence on . the;f"

“formatlon_level requlred for deczslon—maklng durlng plannlng

"n':many cases‘:a qualltatlve answer 1s sufflclent 3 whereas 1n7*”

tothers detalled data are necessary

:The avallable resources (funds,.non cash resources and personnel SR

”esources) should 1f p0531b1e be known before plannlng starts.

_he,level of development of the country or reglon must be taken

i;nto account

Hh;The type of prOJect or programme determlnes the complexlty of




Tt must be: determlned before'proaect plannlng starts what 1nforma—

-gflnformatlon w111 become aVallable during prosect implementation
‘(and whether it can be further used)

h the 1nformat10n'can have 1n order to_

le dlvergence range.ji~.

'mThe §p;ﬁ¢ip1es_df.comparability, classifiability and completeness
_of data:must also be observed.

The most 1mportant forms of data collec+1on amabynwanscﬁ‘questlon—

fnalres and observatlon the former may be elther wrltten or oral.

LfSome of the aspects mentloned in the checklist" can be investigated
,Jonly through observatlon.

51




'f‘ Basic information to ascertain the
current: situation.. I —

Necessary considerations for further

o —‘Gross National Pmduct
~o 0 (total ‘and per capita)
. and ‘development of the same

in: mcent years '

= Natural resoumes (extent
of 'development -and explolt-
_ __"atlon)

Ind1v1dua1 secto s share

_O.p -_'

':".:;'-agr"lculture) Tl

. Economic ‘links (e.g, trading
".partners and development of .
‘exports and mlports) :

-~ Development of balance of
: .-=_j_-payments and ‘balance of

.~ trade. :

".'f-Infrastmcture (mads and
':rallways, part etc. )

: 'Demographic stmcture

S Total" opulatlon_ (and
- 1but10n of: same).--

2.

’.:Proportlon of emploryed

. sectors:of: economy H

G '.: _—'Mlgr‘atlon tr'ends

ﬁ__all populatlon

= Number of holdings (and
breakdown of . same 1nto '

‘size: categories)

Climatic data and bas:Lc "
' "'.:-3ecologlca1 :infomation R

plarning (and_text references)

. @ppropriate mechanization?
e overall . economy (e g '
Number ‘and use of “imported agricultural

‘machines! Dependence relationships as
regards : spare-parts supply!

“ipersons in individual: R

.' Influence on potent:.al la*bour f‘or'ce
fEsEey _"1n rural areas' o
: Level of‘ educatmn of.‘ oven- |5

| see Sec'.tion B/IV

o Corrpare figures obtained over as many
years as possible and include non- - .. |
"._-';'occurence r-isks in: planning. "

Influence on agricultural meachnization!
Attitude of political decision-makers to
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C‘hecklist (continued)

- [Basic- mfomnatim for recording
o the sn:uation -

Necessary considerations for further
planning (and text references)

R Speolal climatic features

Namral vegetation (possibly
l_gen dowo by reglon)

endenc1es -

A VI o

gl

Sk -Avallable types/breeds

.. (lotal -1ivestock population
-+ {in country/project region):
.1 Cattle (number, herd struc-

ture, herd development)

+2 Horses, donkeys, rrn.lles
{(numbers,” armual herd
+development) -

] 3 Small mnlnants and. other

‘domestic animals kept for-
eoonmnc purposes :

Sltuatlon of amma_l traction
- .(at start of planmng)
1 Draught cattle

.2 Horses, donkeys, mules
.3 Conditions for training

draug’_ht animals.

Potent:.al and. avallabill'ty_
ofdrax.gﬁanmals

R and their su1tab111tv

. i (llvewelghts)

.Estimated nwnbers per

-and! development

~ Current use of young male

~and female animals (re-

'breed/tYPe, herd, structuré 1

production, fattening, '

SPECIFIC BASIC DATA ow USE S

Availability of draught cattle
(Section B/1/1)

Availability of other draught animals

g (Sectlon B/I/B)

S 'Competition for fodder

Preference among target groups for

specific draught animals?

Organization and planning of draught-
animal training by the pm,)ect

- (Section B/I/2 l)

f1s there a need for pmJect measures to R "
mcrease reproduotlon? R

Effort requlmd for the draught work
to be done ' o

. {Potential rivalry due to measures pro-
Jmoting industrial or peasant fattening
cperations.

e Production of draught anlma.ls s by the
i faxms themselves" -




Necess:«.\:r:yr considPrations for further
plarming (and text references)

R 11ve.;tock omers to sell

- 'Willing,ness of: tradltlonal _

| Measures to increase willingness to sell

and develop marketing structure?

e Detemmatlon of optlrm.lm time for
..purchase_ (see Section B/IV/Z) '

“the: avallablllty 'analysm for:the pm;eet' reglon mveals that not enough draught
animals are available in the’ ‘area the analysis must be extended to cover neigh- )
‘|bouring - reg:.ons orif: necessary more distant parts of the country. In addition to

»rinary .care during trans-
portatlon

.‘port costs

j."__"_':Fodder supply and types of -
-+ fodder for draught animals:

viding fodder)
'_‘Fodder nutmtwe values o

o .'--Avallablllty of nutritive
i .values at regional or
. national level

| sttuation on
' indwidual

cost. x_a_ti_ps :

:'“f-:Transportation of young animals
' « Means of“transport and vete-

.= Organization of transporta- = |
“tion,” responsibillty, trans- a0

4.1 }x-"::ﬁvallablllty of: fodder (amount
v seasonal’ avan.lablhty, “current
useyif necessary cost of pro-

I farms’ based: qn'
local price/. -

| the data listed. in Item 3 the followmg ‘information must then be obtained:

Observe veterinary legislationl

(See Section B/III/8)

Measures to improve pasture capacity.
Possibility of increasing amount; poss—
ibility of better utilization; possibility
of selective fodder shrub cultivation.

{See Section B/I/3)

".;.;N'tritive-val' : ‘ana.lyses s ER e

'.(See Sectlon B/I/a 1)
Rk .Con51derat10n of the water mqulremnts

resulting from. the project, apart from -

water for. draught cattle (e g. 1rrlgation)

1 (see Section B/1/4)




— -Necessary cmsiderations for further

R plenning (and text references)

organizatmn

_Péf-sonnel and finances
S - | pay for veterinary services?

6 3 National veterinary pro-
granmes and leglslation

-:'_;'-6 4:_Vetemnazy pharmaceutn.cal
Genera.l;.stmcture of
- Graught-animal market:

‘(See Section B/1/5)

Consideration of. potential diseases: = |
which-:ane ot widespread but which may .. | .
draught animals under stress!

"Pdééiﬁi_l'ity"'of calling upon farmers to

| (See Section B/1/7 and Section B/IV/2)

= Livestock markets, 1westock:;f- L
; dealers_, maxketing opgam,,a_, o

» tions

Livestock‘_trails - : e

- Price situation and demand

“.for animals’ (for O
S :slaughtering)

'_Possibih_ =} fbr extendmg the 1nd1v1-_

'P_mmotmn measums for mecl"xamzatlon b
| generally practlcal or- alneady 1n— S

mduced? '




_jChecklist (continued\

. [Basic Information for Tecording

' Necessary considerations for further

planning (and text references)

;;the situation
: - Preference for]

political-
_ 'deciblon-_ o
_._::maker :
By 8 ontractors,
'jcooper'atwes ete, using or
__hlring out tractors

L Manufacture of agricultural
©-machines and implements:

- Industr-y or .local craftsmen

-~ Types of machines and imple-
ments produced (specially

~_ for use with draught S

' anlmals?) i, T

s Supply ‘of- rew matemals R

regulatlons )

"f;-;cROP FARMING

,_Cultlvation by holdings
- {nationwide and region
':speciflc) '

—y

- Bubsistence

crops Propop-

5fcu1tura1

= —'_'_Féllow ancl

_-'j-Natln‘al vegetation and
clearance. R

- Type of natuml veget:ation
(savamah rainforest ete,)

- Degree of difficulty in

= availabillty ‘of heavy

“(national resoumes, 1rnpor-t E

" elearing unused areas .

Possible and practlcal to exert

; .:J.nfluencﬂ

Support already available or necessary?

Possible and advisable to provide know
how? (Other types of implements);

(see Section B/II/3)

Can cultivation be mechanized using
draught animals or are alternatives
required?

Change in cultivation techniques

.-.productlon NE e

'(See Section B/ITI/2 and 3)

Utilization of timber!

i necessary if dr-aught anmals mtm— | D
'_f'dUCEdo RIS BRITRIREN! IR
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: Checkl:.st (continued)

T Basic infomation for necord;i.ng

o lthe situation

Necessary considerations for further
planning (and text references)

3.

Soils and 5011 tillage

- mechanical: tlllage etc )

4_-3;Traetwn pewer required
for tillage = .

- 'possibility and necessity
. of drrigation (and possmle
ﬂmotlon of draught anmaJ 3)

: : Topo&aphy and eros ion

- Su1tability of topography
for arsbhle farming {or
~mechanical tlllage)

S ;_Nature angd: exter‘t of"

e ex1stmg erosion damage
S .. Measums inltlated to -
malntaln and 1mprove soil

5.'— Gradlents, valleys and
o emsmn hazards -

s fmomc ANALYSIS AD
 EVALUATION .

1. Individual fams (to
supplement I-—III)

_ _H:Lred—labour fams
= State-run farms .

e ..’-_ Cooperatives and fanns |
wlth JOlnt management :

- Exclusively arable =
f‘a.rming _

L Exclusively llvestock
“husbandry (nomads, '
- ranches, etc.)

. -Mixed farms - ,
- Farms with irrigated

i exlstlng soils o

¥ 2 Type of productlon by fams

L -Pos_sibility for use of draught animals
| at all?

‘ _ gEnit -Need for cultivation—related measur'es
ut_ri_en content; texture;
_ stmcture;’-wsuitabllity for :-- = B

'to J.mpmve soil"
' (See Section 3/111/4)

e (See Section B/II/a)

Tr‘adltlonal water rights!

(See Section B/IIL/S)

Fundamental data on individual farms
are the basis for comparative profit-

.ability calculations (see Section B/IV/2)

) __;nghts of ownership of dra:ght ammals
' _and lmplements' -

S _.P0551b111ty of using machlnes and 1mple—
o .ments on. a nultl-farm ‘basis -

.. f Integration of arable farming and live-
| stock husbandry practlcal and possible
e _in the 1ong term?




_Checklmh f(continued)

" [pasic information for recording

'Ne’cessary considerations for further

T

Ly the situstion

1 3 Capac:.ty_ of fams

and reserves (fa_ =ow,
pastureland, ‘irrigable
: anir_na.ls -

S Intensiflcation potential
(perhaps by means of non-
agricultural possibilities)

- Other capacities

1.4 Yield level of farms
(estlmates may be necessar'y)

'-_- Y:Leld from maxket crops s

- Yield from other a.gmcul— '
tural produce

o - Non-agmcultur‘al yleids
and add1t10nal farm mcome
1 5 Gener‘al farm. management data |

s wOrkmg pemods {available
wor'kmg days per period)

- Pmduce prices (subsistence
and market pmduce)

'nf nlc :

.Su:.tam.llty Of tracks

() €

,__(vﬂlage)

_Special infr'astmcture
_ jfeatures (of‘ the region)

_ "supplenx.nt ATT):
‘2. 1 General infommtion _
e Development policy targets -

ot gover-'ment/ local author-:
Prnvious rneasures

. mote. agricultural
- _mechmlzation

areas)” for. use, of draught

- _Aver'age distancf‘s between -
~ifields:and: farrryards

~of the.country and attitude

plamning (and text references)

Posmble ‘to expand agricultural areal

Determination of competitiveness of
various production methods using dr-au.ght

S YlEld from subsisteﬂce cmps | animalst

(See Section B/IV and the basic data for
the farm economics calculation given
there)

| Need for improvementt .

| 'i‘he analysis of the overall economic

effect of the use .of draught animals must:

| ‘always be considered in conjunction with
‘other possible forms of agricultural -~ | = o
“mechanization (see Section B/IV/S) e




R T Necessarvconsiderations for further
| planning '(and text references)

S When t'_i'éci_'d_ing for or against use of
-.:j draught animals the benefits must be
sga_t against the costs!

| When calculating the cost of "services"
-1 (extension and veterinary services) the
| countries' budgetary . limitations must
"] be taken into -account, together with the
nt shortage of tr‘amed personnel




Checklist (continued)

ﬂ!asic information for recording
the situation

Necessary considerations for further
planning (and text references)

-~ Education, health services,
commmmation centres o

Land use: systems and 1and

. ownership distribution (is

57 traditionalcommon. ovmership
+or private land. ownershlp

; ...‘-i.pnedanlnant'v' Tansitional” and
[+ intermediate forms?) -

1 2 Keeping of draught am.mals

- At’cltude to keeping and use
of heavy livestock (tradi-
tionally practised or unknown)

- Are elements of livestock
keeping the subject of taboos?

- = Are elements of livestock
- keeping identity features
“ of .a neighbouring ethnic
‘group not - identical with the
. target group? (Approximate
clarification)

1.3 Social stratification

Definition of high, average
and low status groups on the
basis of the following
features:

- Distribution of livestock
ownership, particularly
_ cattle

- Labour’ fcme per household
{(hired labour taken on")

—'_:Area cultlvated per- houSehold

R Access to non—agrlcultural U
i sources of  income : ol

EERTY Dlvismn of: labour within
- family (determination of - - -
“roles of men and women in o

productlon) :

1_-.4 -A_ss,_essmen_t Qf pmductio_n de-
- . cisions on smallholdings:

- Subsistence-oriented { reduced

riek) or market- oriented? |

R (Section B/V/2.4)

Do not include just the actual target
group in the analysis!

(Section B/V/2.1-2.6)

(Section B/W 2,5)




- of draught animals




* Animal husbandry and




ANIMAL HUSBANDRY AND VETERINARY ASPECTS
'?}(I Reh)

’.Selection and availabillty of draughf cattle

?Requlred tractlve effort'n

{”7fSelec_“

insln areas 1nfested Wlth tsetse flles
. ?ﬂEndurance and temperament R

.6 Selection on the basis of tractlve effort/breeding
of new.types of draught cattle

"Sex

.1 Oxen

.z“gBulls

. Cows jef;ffg:eegfa.wf.u.'
"ﬂnge/welght

'ﬁj; Castratlon. f.:

:VLTime, duratlon and procedure for training draught cattle

2.1 Location -
2 1;-,ﬁTra1ning stat1on '

2;1;2.'Vi11age extension centre, moblle training
e units and demonstratlon farmers

own: holdlngs by -an.

zlme and procedure for tralnlng

ime: ofmtralnlng

.' ;Dﬁrat1on of tralnlng
'wﬂmralnlng programme

'Amount ‘of tra1n1ng per day
e::fComp081t10n of ththeam

hijeeding of draught eattle
j[Nutrient and drlnklng—water requlrements

Water requirement

77

78
78
78
78

81
81
82

82
82

83

86

87
87
5"
o

L9L

91

67




. 'ubrﬁﬁtrient centent of selected feedstuffs

ppactical aspects of feeding

"M‘Curren 231tuation s_regards feedlng of draught cattle

feedlngj_nd waterlng”

TDraught cattle husbandry
gHOUSlng EREA

G Dung collectlon area

'-Tendlng anq herdlng

englene and veterinary aspects of
~draught cattle husbandry

. “T fVeter1nary serv1ce

thyglene and care of draught cattle
General dlseases and spe01f1c veterinary measures
.LInJurles and dlseases spec1flc to draught cattle

.1 Mortality -

,'Allments resultlng dlrectly from draught work
‘General“ailments resulting from increased

i susceptibility
.4.4  Prophylaxis and. treatment of trypanosomiasis
.5 Administrative ‘prerequisites and costs for
"w'iprOphylax1s and treatment of trypanosomiasis

=Per10d'of use

“'Marketlng of: dr ght cattle

fMarketlng structure i ' S
Acce551b1'1ty of llvestock markets.ﬁ
Pricing -

" Function: of the exten51on serV1ce w1th1n the
marketlng system S

Fattenlng of cull-cattle'

Other types-'f draught animals

_,Horses ' .

tTReglonal 1mportance?'

- “Selection of criteria

3 ‘Breeds and weights .

.4 Types’ of work and: worklng capaeltles
~iF ; o o _ ;

_Advantages and dlsadvantages of draught cattle,
~horses and donkeys s : :

108
109
110

111

111
111
112

112
113

120
120

123

123

123
124

124

125

127
127

127

128
128
128
130
130

130

132




“If a withers yoke 1s to be used

_Powerful shoulders Wthh do not slope too much
(8) Presence‘f of a hump ‘makes it easier to fit the withers or shoul-
. der yoke

_If a head yoke 1s to be used

,__ Strong horns nelther too short nor . too long (if the horns are . i
,too 1ong the anlmals may get 1n each other's way )

jﬁPowerful neck and throat

fiiziyéeiectienﬂdfTbreedsff.

efsuitebiiiﬁyfdf”ﬁreeds'

1n pr1c1ple all Afrlcan breeds, with the exception of the dwarf breeds
'ti(lagoon -cattle*- Dwarf ‘Shorthorn), are suitable for draught work.
However, dwarf breeds with average live welghts of less than 200

facu.

that almost all African breeds of cattle, with U

ofﬁbreed musf be based on other cons1derations, the most 1mportant
ic aspect belng_the extent of cne avallablllty of young cattle




tence of_nomadic herds of* cattle
f-8) Readiness of cattle owners to sell thelr young animals
:f4) Regular cattle markets

makejlt more expen51ve to keep draught cattle as a result of hlgh
transport coste and the hlgher mortallty rate resultlng from lengthy
nsportatlon and the animals' sueceptlblllty to sickness.

’1.2 3 Requ1red tractlve effort

Theddraught work whlch must be " performed is determlned on the basis
ﬂof'cond1t10ns relatlng to arable farmlng and economlcs The available
tractlve”effort ef the cattle isa functlon of various influencing
_factore (see Flg B/I/l) " The most important criterion is the body
'welght of the anlmals. The[values for the average sustained tractive
;effort calculated by CEEMAT (1968) are roughly as follows:

:ﬁillb:'of the body weight on uncleared land - with soil containing
LT roots and. stones

51/7- of body welght on cleared land contalnlng no shrub roots

: may be four tlmes ae great.asﬁ

. 1s _taken as a selectlont crlterlon and applled to
. 1S . b : _t becomes clear that heav1er breeds are more
sultable for draught work requ;rlng a . large sustalned effort,

5)fP0551b1e alternatlve ueeshfor young cattle (e g farm_based or. 1“—:;;: e

‘-average eustalned tractlve effort Table B/I/1 glves the average*JT
liy wefgh”s offa number of Afrlcan breeds of cattle, 1f the requ1red:f.f




~FIG,BI/1 : DIAGRAM SHOWING THE MOST IMPORTANT FACTORS AND THEIR INTERDEPENDENCIES AFFECTING THE TRACTIVE EFFORT

| TRACTIVE EFFORTS

T GENETIC
MAKE-UP

€ — -

WILLINGNESS

M aopy TYPE.

"= WEIGHT | |ENDURANCE &=

© DISEASES MANAGEMENT

'— very strong 1nfluence

IN REARING
PHASE

Cpistase | Y

SOIL
RES 1 STANCH

ot o]

strong 1nfluence - - - S0Me mfluence

USE OF TEAM

- Working hours

- Training

~ Nature and con-
dition of
harness

- Type of team

- Treatment of
animals

-The varylng 1nten51ty of the 1nf1uences 1s based on emplmc:al data which was pmvided verbally

-.and has no yet been qusmtlfled SRR

DETERMINED

'BY:
ANTMAL

DETERMINED
By:

ENVIRONMENT




nageilivewweightsTofﬁsohé-kfridaﬁ breéds of cattle

: hd?likelyftractive7effdrt"{l/10 to 1/7_Of body weight)

oy ';F 'aniﬁm§':- 3

Average
1 weight
| (kg

'.Ave_ré:ge :

tractive

o

effort

Suita~
bility

for work

Actual

'ffa'%itfl? ’:

28;4d

Good

"Yes

(1ittle)

”a'Méli}beper'l
. '{Volta,Niger -

320

250

Al

25-36

Good

Yes

.5Nigef,'nor-
.| thern Nigeria . |..

350

00

30-43

jauiet

Good, very

Little
also.as

beast of
-1burden

‘3f.Nig§ﬁia;~.;pfi~ 7
 jnorthem Ghana, |*
southern Niger*

13307

14564 |33-47

iVery -
|goed, _
enduranpe

{Yes

u - |Nigeria,
. {southern Niger |-

{350

log0

08-40

Very god,

quiet

Yes

Senegal,

" .lsierra leone

Guinea,Gambia
CIsouthemn ..

280

1230 -

28-40 [253-33

Verygood,
endurance

Yes

luight - lvery -
+|draught, © -+ |11

7-wprkon1yQ: fQ;&

ory
| igood,

u'x {Benin,Togo,

ne [Nigeria

ééQ i

. {for light
il work

%0

250

  {25;36

:VEny'

good,
endurance

Yes,
inten-
sive




 Table B/I/4 (continued)

Main areas

Average
tractive
effort

Sui ta-
bility
for work

Actual .

| onea,miger |

éé-46

Poor
vlolent

temperam.

} No

' f“fChad nger,_
_Nigeria

sté.

300

| 38-54

30-43

Good,
quiet

Yes,
intensive

- ' macua zébuj

Vruipe tada~]|

| - cameroon,

Central Afr.
Republic

400

| 330

40-57| 33-47

Good,
guiet

Little

| Kenana

Zebu

Sudan

450

45-64| 35--50

Good

Yes

Westem

.Sudan

Zebu

350

35-50|29-41

Good

As beast
of burden

| Baggara .-

Zebu'

Sudan

40-57|30-43

Good

Occasional

::N Dama see wegt Afrlca

. Baoule;'SQQQWEst_Afrlca

ng.S;fEAST,AFRICA '

“}'Barca

Ethiopia

300

240

30-54 |24-34

Moderate

Yes

. Arado

Zebu X

isanga

Ethiopia

310

250

31-44 |25-36

endurance

Goodguiet, Yes

Zebu x
sanga

Ethiopia

300

40-57 130-43

Good

Yes

|..Kenya, Spmalla
:zﬁﬂuqna

350 1300

|30-43

30-43

Good

e oclast beast ] -
i of burden- =

Occa51onal

‘"ghorn Zebu)

; -Q:fTanzan;a_,fff
; :Afl"lC ShOI‘t— wl ; >

300

30-43

22-31

uittle S

f ngand?f-;7

380

300

3552

30-43

Good

Yes

*;Zebu X
sanga |

gUgahda_f;

1330

1%0-57

33-47

Good

Yes

:“:'EI-.: Sanga )

_Tanzania, -

Uganda,Zalfe

[500

1350

50-71 {35-50

Good

Little

" |sanga

Burundl,
Rwanda.

420

310

42-60 (31-44

No

73




| zanbia,Angolal:

"Ver'y

good

Yes,
intensive

| sanga |

Zémbié:”"

| 320

33-47

Good

Yes

| senga

Angola

380

38-54

Unknown

Sanga

- Zimbabwe

450

45-64

Unknown

' Zimb§bwg 

| 40-57

30-50

Good

Yes

.T‘¢Zimbabwé;',:g
“Botewena

{380

50-71

38-54

Unknown

Tswana

. 33353311

Botswana

500

390

50-71

39-56

Qccasional

Afrikander.

{-Sanga- |

“South Africa,

neighbouring .
countries

700

450

70-100

4564

Very good

Originally
bred for
draught

WOrk

| sanga x
' ta.ur_*ine :

SoUth.Africa

800

550

80-114

55-79

Good

No

| Nguni -

Sanga

BSouth Africa,
Swaziland

500

380

50-71

38-54

Good

Yes

“{ (Bavenda}

320

| 40-57.

32-46 | -Good

4 Yes,

intensive.|

Reni telo '
(station)

._2ébﬁ§ki
taurine|

700,

450

|70-100.

45-64

Very

good

Yes, but
few
animals
available




U11.2.4 Selection in areas infested with tsetse-flies

Trypanotoleranoe refers to the ability of some breeds of cattle -

acquired by way of pre-immunization -~ to live and prcduce in areas
with tsetse~flies. This tolerance is not the same thing as resis-

”Tﬁtance,_81nce it may break down under the effect of extremely unfavour-.
”able env1ronmental factors, such as malnutrltlon, onset of other
'{dlseases, overwork or exhaustlon as a result of draught workor having
to walk long dlstances._If the tolerance collapses, animals of try-
-_ﬁpanotolerant breeds can develop trypanosomiasis in the same way as
'nthtolerant breeds, frequehtly also with fatal consequences.

Trypanctolerant breeds of cattle are to be feound in the humid and

semi-humid regions of Western and Central Africa infested with tse-

tse-flies; in contrast to the zebus they have no hump.

_ Findings to date indicate that the tolerance is first created on
:'Wthe_basis of an initial infection and subsequent immunization during
:the calf stage and necessitates repeated reinfection if it is to
remain intact. Animals of trypanctelerant breeds which were born
and raised in tsetse-free areas exhibit no tolerance when they first
fall victim of the disease but, if they survive, they develop a tol-
erance against further infections, which is not the case for non-
tolerant breeds. So-called non-tolerant breeds may, however, survive
mild infection without major losses if the feeding conditions are
good and the animals are protected against other diseases (e.g. dur-

_ 1ng fattenlng)

.:qu 1s 1nterest1ng to note that all trypanotolerant breeds are smaller
:5?than those whlch are sem1 tolerant or non-tolerant. However, no
?_studles are yet avallable on the correlation between body size/weight
‘,and the degree of tolerance within a homogeneous breed.

.. The " term "semi-tolerant" is applied to crosses between trypanoto-
'f';lerant breeds and the non-tolerant zebus or exotic breeds of cattle.

The degree of tolerance clearly decreases as the proportion of zebu
‘genes increases and this point must be borne in mind during cross-

breeding experiments.

75




'Trypaﬁbtolérahoé'of'ﬁfrican”breeda of cattle

Trypanotolerant breeds| Semi-trypanotolerant Non-trypanotolerant
{main areas) breeds breeds

| Djakoré. (Senegal) All .zebus, East and
LMETE (Mall) = -o--_Southern Afrlcan"'

.fBorgou (Benln) *f”ﬂﬁ)”aSanga and- 1mported
| Keteku:r (ngerla) SR performance breeds

: ﬂ?TiSanga (Ghana)
‘Ivory Coast) 5

_JEEP“ :
‘Somba - (Benln) f'h,f'fBambara (Mall)
Méré (Upper Volta) '

‘Ghania’ Shorthorn/West
“African Shorthorn

 Muturu (Nigeria)

;in areas w1th sllght tsetse fly 1nfestat10n if they are kept under
pexcellent COHdlthﬂS. Breeds coming into more frequent contact with
“tsetse~ flles appear to 'have a better. survival capacity (e.g. White

T FEATN :
rqu./Lu.J.auJ., Small East Afrlcaﬂ Zebu,. ‘“ub'—“ than breeds which have

1ittle or no contact wlth tsetse-flies (e.g. Bororo, Boran). It should,
ﬂThowever, be. pointed out that favourable conditions of this type are
‘rare ‘and. cannot generally be expected in practice, particularly as
U far ‘as worklng anlmals are concerned.

_'=Approx1mate dlstmbutlon : B A
of tsetse-fllgs_1n_Afr;oa_*'




+2.5 Endurance. and ‘tenperanent S

[Experlence 1n practlcal agrlculture indicates that there are differ-

'ences in endurance between humpless cattle and zebus, but there is

f3) Nature of the draught work (e g. evenness)
Hd4) Speed

'?nduranee therefore appears to be governed by the environment rather

temperameht':aISGISeems to- be determined more by

{In the same way,
finV1r0nment (personal contact when yourg) than by the breed and

_ianlmals from smallholdlngs or. small herds are therefore more suitable
~]ffor harne881ng than anlmals from ranches.

:irTemperament thus plays a secondary role in breed selection but must
_fﬁbe consldered when . selecting an ‘individual animal. The less the
:a;farmers know about cattle and the less they are accustomed to them,
:'*the greater the importance of temperament. "Fear of cattle" can be-
come: -a-major. reason_for Lhe.. fallure of . a_pro1ect almed at promotlng.,

_raught cattle

;6 Selectlon on'the ba51s of tractlve effort/breedlng of new typesr_

of draught cattle

-the most and in many areas are not to be found at all use of draught
jcattle 1s on the whole st111 relatlvely uncommon {e.g. in comparison
.with India) Nelther natural evolution nor selection and crossbreed-
've*as‘yet produced“partlcularly:efflcient draught breeds.-“"

the breedlngd:ffi

lbasis'of”body welght

endurance,

hich =determine the 'tractive effort (e g. w1111ngness,:
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poss1ble herltabllltles are not yet known. Under African
therefore, it does not appear practical to take "breeding
hlgh"performanc_-draught cattle '

\Vcondltlons,

1.3.1 Oxen
e;more sultable than bulls for - draught work on account of

;qu1eter temperament Preference is. glven to oxen castrated

51nce thelr welght and muscles are better

: are to be used however,llt must be borne in mind -that alter-
na 1Ve use of these anlmals for fattenlng is increasing to an ever
3creater extent e '

'31_ 3 2 Bulls e . .

aAlthough they would be more su1table for heavy draught work on account

ive. we;ght bulls are. seldom harnessed 51nce L_h_ey=

rthelr 51gn1f1cance 1s 1ncrea51ng. In 1974 only 3%_'J




) Fodder requlrements too great in comparlson with oxen

_chwevef; there"is'suffi-

:]ffort ‘is . requlred (e g. for ploughlng) it may

‘be - p0581b e to harness Severél palrs “of anlmalu, so0 that even this

:work can. theoretlcally be performed by cows, provided that it dces

fno»ioccur during the alV1ng period.
:lesadvantage-S) can be overcome by planned breeding but necessitates

a'iability;ofﬁsuffiqignt_fodder_during the dry season,

Cows harnessed for threshing work with a
hreshing sledge in Egypt. (Photo: Schmieg/GTZ)




jonﬁdraughtﬁwdfk'and meat production (as in the case of oxen); it
_,also takes into account the production of calves and milk and may
' :therefore even be more economical than the smaller fodder require-
_mepts Qf draught_oxen wh;ch prpv1de pnly meat and draught work

tuation -of dai: ) dlffers 50 fundamentally froms,
_ £ dalry cows Lin Europe thaL values ‘determined “in ‘Europe can . °
nly be:; applled to Afrlca with ! extreme ‘caution. ‘The milk yield of

ri 2 /3 conslderably lower, -with an ‘average of between =
1d l;_res per day Ifan” 1nten51ve llvestock keeping system -
-were to;be used:: for. the e . anlmals in whlch nutrlent requirements
cand ‘nutrient. supply ‘were “equal, milk production would undoubtedly
“‘pe .greater than ‘that achieved with the traditional method of exten-
Uis1ve livestock keeping. With an additional supply of nutrients for
" the ‘animals' working requirements there is no reason to assume that
“. there may be a milk loss, given the relatively low yields. Investiga-
. ‘tions in Senegal revealed tha*t the weight development of Djakoré
calves whose mothers were used for draught work and received a work-
ing ration was 51gn1flcantly better than that of calves whose mothers
did; not work

_As‘far ‘as. both mllk procductiornn and reproduction are concerned it
‘canbe: assumed that, prorlded there is gurficient fodder, an increase
in output in - comparison with tradltlonal methods of keeping dairy
ows 1s more llkely

quefbfsCOwsffor draught work has a number of advantages which must
_j'notfbe'uhderestimated:

1). No competition with cattle fattening and therefore better and
__more continuous availability of draught cattle in the long term
cin‘many areas.

'2) ‘With high prices for young male cattle (fattening schemes) addi-
wtlonal sincome:from. . .the: sale of wanimals ~otherwise .required for e
: nprov1ded that they;have sufflclent fodder avail-. -
attenlng of_young cattle by' he 1nd1v1dual farmers.:;i;~~.~

4) uQWS can. be used for draught work over a 1enﬂmy perlod thereby _
redu01ng the need to ‘train- ‘animals 80 frequently (7-9 years in. =
_comparlson with:2=5 years. partlcularly 1f the draught oxen are
ifstlll to aehieve a good meat value) '

6) Guaranteelng of a supply of riew. draught animals for the farm.

_Qwhen the p0551b111ty of us1ng “draught cows is being assessed, it is
'_thelr profitablllty 1n comparison w1th oxen which is the maJor point.




sedentary cattle keeping, since traditional_ cattle owners seldom_

thenanimals at the start of training has dropped from 4-5 years

around 2 3. years{ More important than age, however, is weight;

1n1t1al welght at the start of training of at least 200 kg for
'humpless br eds and 250 . kg for zebus 1S regarded as optlmum.

ere to be Lsed,lt is ‘advisable to start training =

stfess when the new stress caused by the tralnlng starts, If necess-

ZThe bloodless;method 2): is recommended for draught cattle on account
of ‘the reduced infection risk, However, this ‘method may be used only
] A i not by the cattle;i‘




~In countrles where the use of draught cattle has long been tradi-
' tional

_training by the_farmers on their own. farms lS a matter of
' 4n handllngflf"

="thls *requ1res:gsubstant1al experlence

" _ _roase 1t lS essentlal to flnd tran51t10nal
‘f_ralnlng.wnlch 1n the long run however, must_enable the
farmers to train thelr own draught cattle..

:lTheouforms of training described below must therefore be regarded
_simply as a transitional stage on the way to training by the farmers.
‘The animals can be trained in three different locations:

At centrallzed or reglonal 1eve1 (tralnlng station)

.TvAt v111age 1eve1 (exten31on centre, demonstration farmers or mo-
blle tralnlng unlts)

i d fOn the_ farmer s holdlng (through instructors, mobile training
"Junlt 3551stance from nelghbours) '

,fﬁe*ﬁhreefméthodsjdiffersin terms of cost and in many cases - albeit
- not inevitably - in terms of efficiency.

©2.1.1 Training station
~In numerous programmes aimed at promoting use of draught animals
Jtne-tralnlng~s_at10n is.0f maJor 1mportance, partlcularly in. places,;u.

whe e there 15 no tﬂadltion_of anlmal husbandrt_and the farmers have'

1ittie: or no. experlence_of handlln

fcattle (eee also casestudy C/I)

Advantages of a tralnlng statlon.of

1)'Adm1nlstrative concentratlon of tralnlng and exten51on work, easy-” o
' to monitor. the work of < the 1nstructors. :

jCentralized procurement of cattle by the etatlon facllltates and
‘simplifies purchase for the" farmers, ‘who have little access to
_ cattle: markets or. dealers and have no tradition of owning cattle.

"fPOSSLblllty and admlnistratlve simpllficatlon of necessary veteri-
 ‘nary measures (e.g. inoculation), particularly 1mportant if the
;-veterinary service. lacks mob1lity and perSOnnel_

Opportunity tofadvise and 1nstruct the farmers-— beyond the actual

necessary:veterinary measures f:”17”7




~selection and appropriate use of implements
handling of implements

‘types of soil tillage and their advantages
necessity and practicality of crop rotailon ete.

Dlsadvantages

Z=throhgh the statlon

:,gFarmers absent from the1r holdlngs for at least 4 weeks {(particu-
—larly:: 1mportant if anlmal tralnlng and instruction take place
jfdurlng ‘the ralny season)

ﬁChlldren, who in actual fact are mostly responsible for driving
‘and - looking after the draught cattle, are usually excluded from
the instruction for reasons of cost.

" 5) Need for the station to be used to its full capacity throughout
the year, resulting in training at unsuitable times (see also
2.2).

EA tlalnlng statlon can only be efflclent if the accompanying exten-

fslon and tralnlng sérvices for the farmers are actually provided.

:'fIf use_;stnot mgde of this opportunity the station cannot be expected
aitg'-make-_a' meaningful contribution towards developing the use of

_tdfaught'éattle and the resultant necessary changes in the structure

i df.the'holdings.

: it szt be borne in mind that the station may no longer be required
- after a few years, i.e. when the farmers become able to train their

own cattle, while an attached training centre will still be needed
within the scope of extension work,

__1 2 Vlllage exten51on centre, moblle tralnlng unlts and
Zd”monstratlon farme°s e '

,Advantage'
_'ﬁt_LeSS expenslve than a tralnlng statlon since there is no need
i to prOV1de accommodatlon.

, t"Creater 1nterest on the part of the farmers since they do not
7 have to-leave their" noldings.

iS)“Opportunltles for extending the training to include children and
.. adolescents who ‘are later responsible for driving and freguently
also for looking after the draught cattle.

A)If tralnlng is.icarried. out by a demonstration farmer he usually
“"]:acts 88 .| good example, belng .an accepted and highly regarded
: member of the v1llage populatlon.“ '

he instructor the farmers incur no other
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o t-.partlcularly as a result of hav1ng to- prov1deewcommoda—:-:5{

‘the ‘case of tralnlng"“”*“




;1):Transporf“ébsfé for extension workers and instructors.
20 Risx of . inadequate training as a result of insufficient checks
- .on instructors,

')“RlSk of..inadequate.- . initial veter1nary services, particularly 1if
hortage of veterlnary personnel or 1f these 1ack mo—;rﬁj

trained

__fFarmers,_chlldren and draught anlmals are 1nstructed and

wsioosin-familiar. surroundings..

. 4°2) Opportunity for on~the~spot adaptation of accompanying extension
. “services to 'the conditions on the farms {e.g. availability of

. 'fodder).

:fDlsadvantages

: Large number of extens1on workers and 1nstructors requlred there-
wfore: high personnel COSts...

.;tﬁﬂlgh degree of 1nstructor mob111ty necesaary, resulting in high
W’itransport cost - .

ﬁfﬁ) Rlsk -of . 1nadequate m0n1tor1ng of instructors.

jf4) Instructora.not used to their full capacity if only a few farmers
' .-areﬁtoebe-trained in a’partiCular village.

ﬂfTraihing'byaa'neighbour who already keeps draught animals is likely
'tofhave a substantial broad-based effect. However, there is a risk
that the arcompanylng tralning and prov151on of advice may be ne-~
' tid7"n1ess they can be supplled by an exlstlng exten51on serv1ce.j“

2 Time and procedure for training =

fTralning can.theoretlcally take place throughout ‘the year, provided
_ ':fhe__young anlmals subsequently' have ‘the ‘opportunity to make
_fregular use of what tney have learned If they are not given the
u_ehance to work immedlately after tralnlng they forget what they have
°*1ea33§¢uaﬁd“mqst pe_retra;nedqbefore the start of field work.




2 Duration of traintng

“Expefieneédhésﬁshown'fhat_training takes on average 2 to 4 weeks.
‘The period varies according to:

;2.2 3 Trainlng programme |

_AfThe varlous elements of trainlng are covered in the following order:

-Gettlng' the anlmals used to the reins, which can pass either
_i_the nose, rlng or round the ears.

edthe anlmals used to the yoke.

'5_Walk1ngfforwards whlle wearlng the - reins and yoke.
:”%eObev1ngfverba1 commands and. guldance by means of the reins.
5) Pulling a light object (e.g. tree trunk).
'.ﬁPull1ng;v5riods*agriculturai"implements.
 ;Gett1ng'fne:snimals'used-to walking in a straight. line.

:7 when draught anlmals .are ‘being introduced the instruction of the

-;farmers 1s Just as 1mportant as tralnlng of the animals. This should
herefore also form a part of the training work and should cover

Jcollection:and storage of. fodder,.
| f.collection and. storage of dung ' '
f:“HourS'or_work symptoms of faulgue.'_

QS)JFunc” on}.importance and use of the varlous agricultural implements
'”?fCorreot times for u51ng the varlous “implements.




'J}Pfdfitability'aépeété._'“

: ;draught anlmals are 1ntroduced training of the animals and of

-Vthe farmers must take place simultanecusly, &a point which must be
T niamindsswhen <selecting: the 1ocat10n and tlme for t alnlng

'w1ll be dealt w1th ln more deta11 progress _?f

.4 mownt of tralnlng per day }~

'72T2
' ”a_hours, W¢th a maxlmum of 4 hours once training has reached the
.adVanced stage. The mldday heat should be avoided.

_5 Comp051tlon of the team

Two.dlfferent methods of formlng a team are used in: training:

l) Slmultaneous.tralnlng of two or ‘more -young animals of the same
welght and condltlon 80 that they form a team together.

2) Tralnlng of a young anlmal along51de .an older, experienced one.
.- The . young - animals who will ‘subsequently form the new team must
:- then be brought together durlng the last phase of training.

,Whichever' method is used attentlon must be paid to ensuring that

4'hat 1t'

- fsuch




. Feeding of draught cattle

80 Nutrient and drinking-water requirements

A..num
te nutrlent requlrements and the nutrlent content of “the vari-
' : wFr nch-speaklng ccountries use the. fodder .
_':fourragere, “UF}, while the. English~- speaklng countries
rprefer the concept of Total Dlgestlble Nutrlents (TDN).  In France,
._reat.Brltaln and’ the USA however,”new feed—value unlts have re-
cently been introduced: or are belng ‘planned; ‘these have not yet been
fadopted,ln'the Afrlcan countrles but could lead to a changed evalua-
_;tlon in the: future..” o

i”Tnese new units are set” out in the following two tables for informa-
“ition purposeS' ‘all nutrient requ1rements and nutrient contents spe-
secified in this handbook are given in the old units, UYF and TDN since
“iiithese are still being used in Africa.

'The Starch Unit (Stiarkeeinheit, StE), which is used in the Federal
_Republlc of Germany, has not been adopted anywehre in Africa.

; ne conver51on of - StE (Starch Units) 1nto old UF (Fodder Units) and

‘Vicel:versa’ presents no: ‘problems, since both feed wvalue units are
‘based on- the Same evaluatlon of digestible nutrients including the
jblologlcal value. 'The “conversion .of StE/UF into TDN and vice versa
‘is, onthe oontrary, problematic since the evaluation of digestibile
«ﬁ}nutrlents_ls done -on.a different basis. The respective correlations
< depend. not only. on the. digestible crude protein content of the feed-
~stuffs but also on the value factor which is in turn influenced by
the digestible crude fibre content.

.5The;factors given below therefore permit only rough conversion into
-and -out of TDN.

~Tab1e B/I/S Conversion factors. for Starch Unlt (StE), Fodder Unit (UF), :
Total Dlgestlble Hutrlents (TDN) Net Energy (NE) and S
MetabollzableEnergy (WE) for rumlnants* R

'*Pé'aﬂ”'l v.alent to

kg StE [T "UF ] kg TDN _NE (Mcal) ME (Mcal)_
s .  143 e T oo e
co0 00 | 0um 2.12 2.98
0.9 Jona o | 100 3.00 1 4.20

-.'* Wlth constant dlgestlble crude protein content (157 g per Kg StE,
110 g per UF, 155 g per 1 kg rr'DI\I)

':KIELANOWSKI f1972 Equatlons and Tables for Re01prooal Conver51ons
of leferent'Feed Units, FAQ, Rome T

ber of different systems are used in the Afrlcan countries to =




ruminants

.cdéicﬁiafi6ﬁ of théﬂvéfiéﬁé feéd ﬁnité'for

_ Multlpllcation factor for

'ﬁinethod

Caacudatlan _

._Mf}Addltlon, then
oo imultiply by
'-:value factor

As for StE, then
divide by 700;
new calculation:

at;on divide by 750
(1.43)
TDN - Total Unit of 1.00 |2.25 1.00 1.00 |Addition

'Addition




o l-ﬂEﬁergyféﬁdﬁbrbﬁéiﬁ féhuiféments

:'ﬁfFTéﬁlé'BiI/5i $tandard energy and protein requirements for draught cattle

B Dlgestlble fJ f o
_protein ().

1 e+ Zb'b'_l'm'w'm'w'of._ S
. A

-bbmmmMN&Mj
WWwwN N RN Tl

0.3, (3) 0.26 (4) 17
0.6 ;4;0.52 Y I
1.0 . 087 52

- 0*;_'1”/100' ke 'Lw (1) |0,1/100 kg Lw (4) | 100/UF; 115 kg TON
jin‘addition to 1. |in addition to 1. | (1;4) total requi-
S IR ment

lo.2/100 kg W |0.17/100 kg LW { 100/UF; 115 kg TDN

" |0:3/100 kg W | 0.26/100 kg LW 100/UF; 115 kg TDN

- | 607100 kg L (1)

| 80/100 kg 1w
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©'3.1.2 Mineéral requirement

Table B/1/7: Calcium and phosphorus requirements of draught cattle

Calc1um [ Phosphorus NaCl

'iﬁ;MalntenanCe i_ f 5 g/lOO kg Lw ::B_g/lOQ.kg_LW_ |15 g/100 kg LW
_;tGrowth R 15 g/kgsgrowth_ 6 g/kg growth 2 g/kg growth
-°JLPregnanCy . PN : _

| @ast 3 montns) 6 g/loo kg LW [5.5 g/100 kg LW

”“.Lactatlon ' 2.5-3 g/kg milk [2,0-2.5 g/kg milk|2 g/kg milk

Source: Ministére de la Cooperation, 1974.

3,1.3 Dry matter

. 2.5 - 3 kg dry matter/100 kg of live weight for cattle of tropical

~Actual dry-matter consumption depends on the following:

-~ Condition of fodder
(e.g. chopped fodder is more easily consumed)
-~ Palatability

- Protein content
{the higher the crude protein content, the greater the dry matter
consumption)

~.-In French-speaking areas the ratio of dry matter to Fodder Unit (UF)
“tls Stlll glven and should be between 1.5 and 2.

IHQQL;A,Water requlrement

EDéilyfrequlrement durlng rainy -season:

{10r23_11tres (16 lltres on average) for zebus

. 7-19 litres (13 litres on average) for African taurines
LFDaily_réquirement'during dry season;

litres (21 litres on average) for zebus
J ?litfééf(?oglitﬁeéﬁoh aVefaéé)afor African taurines

;lltres per day mobe, as do dalry cows.' '
.;?A dry matter t water ration of 1 : 4.can serve as a guldellne.

91

'hraught cattle:d01ng medlumwheavy' to heavy work requlre around lO:_af




:3-2'Nutrient'content of selected feedstuffs

:Table B/I/B gives reference values for the energy and digestible
.g*crude-proteln contents of the most important feedstuffs used in Africa.
'thn view.of the fact that dry matter, energy and protein content can
'change very qulckly durlng the_vegetatlon perlod the flgUPEb given
an: N ‘ e Wthh can aid “in initial plan-

'effound 1n the country concerned or have -studied simply a few
-fodder crops cultlvated on..a tr1al ba51s. For every project promoting
‘the use of draught animals the nutrient contents given in the table
:must be supplemented or revised using the figures available in the
jrcountry in question.

if_nc feedstuff analyses have yet been performed for a particular
egion, these must be. carried out during the first year of the project,
operatlon w1th ‘a research institution in the country itself

f feedstuffs are nct_store properly a8 s the case, here__ :
- A Centr gd'Anlmatlon Rurale in’ Mali -t




TableB/I/BNutment contents of selected feedstuffs
SRR _(bése@ on a compilation by the Documentation Office
at the University of Hohenheim in Stuttgart)

per kg DM per kg of feedstuff
eedstuffs . ... IDM bt —
Lot et e PP UFS. TDNC Y PP - UF - TDN

1. Grosees (excl. cereals) | -

-

Andropogon gayanus, fresn (20,0 |
o ey Heeio

- e e
-

LT e s gilage ] 20,00
" Brachiaria matica, fresh = 20,0
- Brachiaria ruzizienses,fr. (20,0
“‘Cenchrus ciliaris, fresh = 20,0
_H 1) hay 86’0
Chloris gayana, fresh 20,0
il n hay- 86’0
dactylon, fresh 20,0
" hay 86,0
: plectostachyus, fr, ;20,0
- minutiflora; fresh |20,0
. Panicum mextimum, - fresh 20,0
{oo M o hay, start, flowergd 86,0
R . " ..hay, middie :
v X -~ flowering 86,0
" 1" -hay, a_i‘ter |
' ' " ‘sprouting - 86,0
o " silage 20,0
Pernisetum . clandestinum,hay 86,0
Pennisetun purpureim, fresh (20,0
" " hay 86,0
" " silage 20,0
Setaria sphacelata, fresh 20,0
Trypsacum laxum, fresh 20,0
.’_n“_ SETRTPIIE. S . hay R 86’0_
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able Bfifé*(cphtinuéd)fw-~“

Feedstuffs e

per kg of feedstuff

UF TDN

Cereals and- cereal residues

1P
R dough rlpeness
-L“ﬁstran :
s bran

Sstraw

Mo bran

M- fodder meal, yellow
e T6=10% crude fibre
e fodder meal, white,

. Millet; grains:
A straw

semol1na.bran '

.ﬁstalk meal nat drled

W w w e w e W

-

-

up to 6% crude flbre__
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'Sdfghum,green fbddef fresh
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Table B/1/8 (continued)

i R per kg DM per kg of feedstuff
.| Feedstuffs R I UF TN
15, 0il1 plants, .... contnd.
Cotton, seeds. .t T e +80,0. :.r.-__-17 1 1,09 - 83,0 15,1 . 0,98 78.3 }. -
s depodded y 1{"34 1_ ©0,78 -65.4f 30,7 0,72 58.9
:_;f-extracted meal e S
2 not: depodded ,0.0 17,1 20,55 65,5} 15,4 0,50 $0.0
epodded 4~8W fat ;90,0; 36,7:0,90 74,1 33,1 0,82 66.7
- -:seed .cake . N e S
o e idepodded, 8-12%fat 90,08 39,3 1,08 84,0 35,4 0,93 75.6
o rseed cake o ]
L e not depodded - 4-8%fat| 90,0 19,4 0,864 63.5 17,4 0,8 57.2
T seed cake,
not depodded 8-12%fat| 90,0 23,9 0,70 61.4] 21,5 0,63 856.2
&apok cake !4-8% fat 90,01 23,2 0,70 61.4] 21,5 0,63 55.2
Kapok, cake 8-12% fat 90,0} 33,4 0,80 70.3| 30,1 0,72 63.2
6. §_1_Jgar cane and pmcessmg resniqes
'..:-'_Sugar cane,tips,fresh . = - 120,0] 3,3 0,57 55.4| 0,7 0,13 11.1
o molasses s 78,0 ¢,0 0,64 69.1 0,6 0,57 5B53.9
_f_f:"'j'_i'__:_'--"_ : Dagasse dI‘led .. 71 88,0 0,0 0,398 45.8 0,0 0.34 40.3
: '1‘-5 7 Brewng resmues |
e Bmwer 5 gr‘ams fresh 25,01 18,9 0,76 70.0 4,7 0,22 17.5
. '_ 'f ) _ - dried 88,0 18,2 0,67 63.8 16,0 0,59 56.2
S 8 let and processmg residues
P:Lneapple carmmg waste, fresh| 25,0 2,0 0,85 70.2 0,5 0,21 17.b
dried} 88,0 0,4 0,87 71.%5 0,4 0,77 62.9
" leaves, fresh 15,0 3,8 0,81 71.8 0,6 0,14 10.8
Bananas, leaves, fresh 15,0 6,1 0,66 60.3 0,9 0,11 9.0
st skins, fresh 4:20,0 [::-2,0..20,72 -.60,5] 0,4 0,16 - 12,1
' Cltr‘us, fmlt fresh 18,00 74,6 1,15 292,74 0,4 . 0,10 /.. 7.4
“'peel; fresh Do 20,000 3,801,030 85,2 00,8.°-0,24 U17,0
ﬁg.,res:Ldues, f.‘r'es_ Gt 25,04 04,5 070,94 88,21 1,10 00,27 22,0
“residues, sﬂaged hi1e9,09-.4,1.0,90 . 84,6]-1,0 . 0,26 21,1
_-;r'esuiues, dmed 188,04 3,5 . 0,82 76.8) 3,1 0,72 67.6
r-SQ,O 69,7 0,85 71.1} €2,7 0,77 64,0
j 90,0 43,9 0,88 70.4] 44,0 0,79 63.3

DM -._‘Dr'y matter 1n% .
= Digestible protein in 4%

Unité fourragére (fodder . uriit)
Total Digestible Nutrients -
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) Practical aspects of feeding =
7;3'3”1 Cdrrent'situation as regards feeding of draught cattle

.ﬁAlthough there are substantlal var1atlons in feedlng practlces in

) 5.4 : grls the natural pasture coth
_'he ralny season and 1n the dry season,_when - a8 in the case
:of tradltlonal ‘cattle: keeplngs-~the pasture ‘forms ‘the sole basic
:fodder for the‘magorlty of holdlngs w1th draught cattle

: jOnly in afew cases are draught cabtle ‘better fed than cattle kept
~under . the traditional system. The animals do not usually receive
ffsuff101ent quantltles of ‘minerals and arable-farming residues,
“.at least during their main working periocd.

Durlng the main working period the cattle are frequently Kkept

in the farmer's living area or are tethered or housed in the imme-
w-diate vicinity. During the. dry season, however, they are either
“ileft o their: own ‘devices as far ags feeding is concerned or inte-
E.f_g::‘e.ted 1nto the traditlonal ‘herd so that they can be fed with
'jthe 1atter durlng t;anshumance.

“:rDraught cattle xept in thls manner-have lost a considerable amount
. of 'weight and.are in poor -condition when they return to the farmer
.‘at. the end’ of the dry season; when the rainy season starts, the
o ﬁﬁfarmer ‘often’ calls upon. the thin and frequently sick cattle to
o f'perform extremely heavy work.

B} :There is almost no systematic collection and storage of fodder.

v 'Residues from arable creps are left in the fields, resulting in

nutritive value losses of up to 50%. The residues are then gathered
up as required or the cattle allowed to graze the stubble pasture.

6.)..In. many:..cases. the . .residues.are. d1v1ded up.-among all the .animals. .

between draught cattle, sheep and goats, and 1n some cases also3>
'dalry cows, horses and donkeys : Rl ORISR . .

wffFeedstuffp_ (e.g, cotton seed groundnut cake,-_sunflower' cake,
"rlce br'n"meal etc ) are. seldom purchased

Tne_incorrecfffeedinglpf}dpadgnpcanimais stems from a variety of

caﬁses;ifhéTﬁosfeihportantfof?Which'are:

) Traditlonal attitudes on the part of the animal owners; it is
“wconsidered that cattle. should ‘look for their own food and the

farmers are not easily prepared to use their own labour to collect
and conserve feedstuffs..;;, :

_gLack'of knowledge as regards nutrlent requirements and the value
of ariousff edstuffS"= :

kof ‘knowledge -as. regards the avallable quantities ‘of fodder
and7the_quant1ty actually given to. the animals.,

kept. ‘near: the  farmer's diving* area, i.e. there:is compet1t10n'37*




3]5) Underestlmatlon of‘ the need for appropriate feeding during both
i plannlng and 1mplementa ion of projects aimed at promoting the
‘use. of draught -animals,

1' breeders/veterinary surgeons and. extenslonf*
: ate knowledge_of anlmal feedlng SR

f dr ught anlmals are_to work efflclently they cannot be expected

'to make thelr way to pasture several ‘Kilometres distant once their
working day 1s over, If pastureland is to be an inexpensive basis
ffor the keeplng of draught animals, the following conditions must
" be fulfilled:

el) Prox1m1ty to the v1llage SR o
:Avallablllty of hlgh grade fodder nlants
_."Opportum,ty to d1v1de ‘area grazed by draught animals from . that

“grazed by’ other herds and by . sheep and ‘goats if the fodder basis
ifor varlous types of anlmal is not sufflclent

;ﬁJ5P0551b111ty of rotatlon and settlng -aside of specific areas for
' "’the dry season

’The natural pastures to be  found in most areas come nowhere near

7;meet1ng these requ1rements The situation is characterized by:

. Expansionof ‘the arable "area near the. villages, shifting “of: pas~;3
egions: well away from " Lhe ‘villages which “are too.
) ff_r draught animals to be able to use them as thelr malnf
'az1ng area during he worklng perlod o G e

2) Reductlon.of.fallow:areas whlch prev1ously served as natural pas-:f
. _tureland and ‘shortening of fallow- perlods, resultlng 1n 2 reduc—]i
tlon fn;greenwmaterlal productlon.ri?: el : i

k¢ ;Exlstence of tradltional general grazing rlghts, whereby fallow :
fareas are: regarded as’ commonpastureland, whereas the same area ..
s accepted ‘a8 belng the . .property of the farmer . concerned if it -
is ‘planted. w1th ‘a :food’ crOp or ‘industrial crop, The fallow land . .
therefore ‘cannot” e allocated to. draught cattle alone, nor is it
©possible. . to. observe pasture rest ‘periods or .use the area for fod-
: der conservation .

crea ng'overstooklng.of pasturelandﬂﬂnch in the Sudan zone asf

. ! Ppo; _
fmeasures against trypanosomiasis)on the one hand and the expan31on L
.of gedentary. cattle kKeeping.: (1ncreased numbers of ‘draught cattle, .’
erdsmen and thelr families settling in one place)on the other.
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) however,_to 1mprove the pasture ba51s by establishing
flcla 'fallow areas,'51nce a reductlon of the fallow period fre-

quenuly results in a decrease in soil fertlllty The selection of

_nfluence on fertlllty (e g,
emenbered however, that systematlc

o preserve'ferulllty

3.3.3 Fodder storage

“:Inadbquate uge is freduently' made of the arable residues produced
“in agrlculture. In most cases they are left 1lying in the fields,
xp sed to. the rays of the sun, ahd"thus-loSe'a'Substantial proportion
' Irl uhe case (3f groundnut hay, for example, the

1n an approprlate manner 1mmed1ately after harvestlng As

._e-ards ac ual feedlng of Lhe animals this means that an average
supply one

-harvest of 1500 kg of groundnuu hay per hectare could




fbullock or-simllar W1th 4UF (3 48 TDN) per day for a perlod of 206
ays.
__;only 166 days if the hay were left lying in the fields.

assumlng tnat the hay was properly stored, in comparison with

Iu”becomes apparpnt frcm thls that the storace of fodder - partlcu-_“

r951dues such as groundnut hay,

nlebeﬁ"

aﬁ'jMalntalnlngof1menutr1t1vp value of the feedstuffs by protecting
Ciothem against leaching by rain and sun.

:fé)”Av01dance of "trampling l13sses" which result if the animals ''graze
' down'" the hay or straw themsszlves on the stubble pasture.

'~__¢Sett1ng aside of feedstuffs for the dry season when little fodder
“wtis’iavailable wand. for the main worklng perlod when the draught
.icattle are fed 1n the. compound

;Rapld labour sav1ng avcll hility -of feedstuffs at times when
‘there "is 'a ‘great deal 0. vwork to be performed, particularly if
~.there is no pasture near the village available.

: fThéofoileing conditions for suitable fodder storage must be observed:
:3ﬂl)oCollection of fodder as soon as possible after harvesting.

. 2) Availability of means of transport, on a communal, private or
- commercial basis

Availability of storage facilities in fthe compound or in the near

ection: torage fa0111t1es (both in ‘the. QOmpound and out- "
__gainst roamlng 1vestock (particularly small rumlnants)

Quantlty to be kept an’ gtorage (groundnut or bean hay): 40 - 50
kg/m 1f stored loose. -

only in con-

tle signifioance in'Africa;
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nneé._'ef 5 wi‘i‘téd': 'gi&p'e’h ‘fodder can be ensilaged in
chopping of fodder using

,1 m- of silage 600 700 kg

A opo gon gayanus,_jfjﬁi~.i-.' A
:Brachlaria ru21ziensiu.'

hloris gayana’

Cynodon plectostaéhyus
Panicum maximum
DOllChOS 1qblab o

_eﬂ_equlrement for malntenance and performance {work, milk
and reproductlon.lf appllcable), ' :

se formed by ;ésiduéé¥aﬁa#wasﬁéj_
he household, whiqh}mustebeecqn-_-

from dairy cattle. sheep,_ goats, plgS.l

Vyealso horSes and donkeys must be borne in mind: (thls_g;




:Reasons of cost demand that the ourchase of feedstuffs be kept
" ito carminimum and  restricted to products avallable within the
eountry,.

6) The use of cereals usually involves high utilization oosts.ﬁThey
_should therefore be used .as .little as possible or only in cases

'mFeedstuffs w1th a hlgh proteln content can only be used to over-
~come:-an: energy ‘shortage. if they. 'are:available in sufficient quan-
::1t1es on’:the: farm’: (e.aL.bran) and 'do not have to be purchased.
“This- problem can sometlmes occur in the Sudan/Sahel region, where
“the abundance of groundnut hay,'nlebe hay and wvarious types of
*Tbran means. that: there are more protein-containing feedstuffs than
__energy feedstuffs available,

3Rat10n plannlng is not a job which has to be done just once. 1f
grazing or green fodder is used to provide the basis of the ration
““the rapid changes in the nutrient content and digestibility of
the nutrients necessitate frequent recalculation.

)1t ra. draught-animal -project finds that there are no country or
tregion-specific’ feed. surveys. at its disposal, investigations of
rithe ‘available :feedstuffs should be planned, since general values
comay.exhibit substantial differences” from region-specific values
(influence of climate or solls). Feed surveys must cover in parti-
-seular s the numérous vegetation stages of green crops as well as
.p}the stages -1nv01ved in the storage of waste products, hay and
“-'s1lage._ '

5“1b)The ratlons_should contain as few different components as possible
”Iin*order not to confuse the farmers.

~11)It is advisable to specify quantities in comprehensible units,
since most farmers do not have any weighing equipment,

1) See part B/IV/Section 2 for explanation.

:wla)The 11m1tat10ns on . dry matter comsumptlon have to be taken 1nto i




Cow/2501ig

1 2 litres of mlk

Medium-heavy work

Cow / 350 kg
2 litres of milk
Medium-heavy work

6,55 UF.

5 65 TDN

CAOQ g DR
7 5~1o k&m

1.5 Kg sor‘ghum straw
3.Kg sorghum br'an

1 kg cotton seed

or
'25 kg mce straw

kg'niebé hay

1'4 kg sor'g,hwn straw
Y2 ke manioc leaves
P2 kgimaize bran:
ciallkg maize
0 5kg mamoc L

{25 ke Andropogon

2 kg manlOC S

T.kg: rlce meal

|or

.0 5kg mllleu br'an

: 3 kg mebe hay C
'3 kg ‘sorghum straw

2 kg sorghum

or

143 kgirice straw: :

2 kg 'niébé hay -

? kg manloc :

15 kg Andropogon
B payanag e
kg millet:

';-gr'amlls

‘2 kg ‘rice meal :

. 4 kg maize Straw .

" 3 kg maize bran

"1 kg ‘manioc

1 kg palm kernel
cake

sorghum straw
sorghum bran
sorgnum

or

6 kg rice straw
-3 kg rice meal
-l kg rice bran

1 kg manioc chips

or

30 kg Andropogon
gayanus

15 Kg Andmpogon B E
Gonooclgayanus: i i
10 kg Stylosanthes | TR

| 1 kg rice straw

‘8 kg gr'ow'ldnut hay '
72 kg millet bran
'_l_kg'millet straw

or
5 kg sorghum straw
3 kg niébé hay

2 kg sorghum

1 kg sorghum bran

or

5 kg millet straw
3 kg rice meal

3 kg rice bran

1 kg millet

or

20 kg Andropogon
gayanus
3 kg millet bran

or
20 kg Andr'opogon

- gayanus i

3 kg rice bran ‘

See Part B/1/Scokion 8.1 for explanation of abbreviations
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336M1neralsupp1y

:The most rellable way of guaranteeing the animals' mineral supply

r 1s'to‘prov1de-them with~a m1neral 11ek contalnlng calclum, phosphorus o

-ﬂf2,? ca101um blcarbonate

Mlneral 11cks are already belng manufactured commerc1ally in many
“Afrlcan. countries._ They' should be flxed in - the cattle shed or .in

a:covered place such that every animal has access to them.

”1mals should be ?ed tw1ce a day,_breferably in the morning

and'evenlng Durlng the maln worklng period there may not be suffi-
@01ént tlme for feedlng in the mornlng and the animals should then
”be fed at mldday when ‘the ‘work is over. If they are also required
to work 1n the afternoon they should be given only part of the total
'émount of fodder at. mldday,.51nce they do not have the necessary
time and peace to consume larger quantities. If the animals are sent

out to pasture_they st be allowed a_gra21ng_t1me of at 1east 6_

in theamornlng, at mldday and in the evenlng. Waterlng_




‘3'_c'attf‘_té husbandr}[




‘for the construction of sheds:

‘Straw, palm leaves, reeds, corrugated metal
~ sheeting

_Govere_d:'-'::é cat ;:-':":____'-'.-Min:l.mum of 3 25 m? per am.me;l for tying

stalls, 5. m’ per animal for zebu loose
~housing sheds,_ .4 m?forsmall taurine
breeds -(minimum). If the feeding trough

is not protected by a wall against entry
.of ‘rain. from. .the side, an additional profec—_ :
't1ve roof must be added on thls alde '

{Wldth 40 cm, '-1ength 60 ’70 cm; height above
ground approx.-f--'_ Semy I several anlmals_
are. to shar-e one trough thew1dth of the hor‘ns
must “be ‘taken into account in’ the: case of
-'some breeds (e Z. Ankole) to - ensure  that .
o the cattle ‘do not get 'in each other's way
' "f-'whlle eatlng

Feeding trough:

% gradlent SO that urine and rainwater can
run off '

:.-'-_Helgl_'if":b.f-:t"éhe'd:"j'-' Approx. 2 m. If the roof is made of straw,
BT “ it ‘must be sufficiently far above the cattle
that: they:  cannot ‘pull -it.-down == ..

: ) '_.k__Daily appllcatlon of‘ manure,_'_
: o_have -.'ény effect at all Wthh means that.'-;
'e“téd”and stored. It must first of all be estab-
her ‘the dur this is the

'n"ls fr‘equent-—”' e
and a cer‘tain_,




torage: of_dung requires not Just a storage area but also transport
1es and can ‘therefore only be introduced easily in areas where

“,fcarts are already avallable or sufficient credits for the purchase

) : “plastlc sheetlng or palm leavesf
rotectlon agalnst raln sun and drylng out '

_dfamount'of fodder (dry matter)

__:;;d1g9st1b1]1ty of the fodder

__‘e‘thegamount of litter

"Q'the ‘average length of time for which the animalg are kept in the
c_ttle sheds (per day and per year) :

fIn Europe dally productlon of fresh manure, aSSumlng.that the animals
zkept'ln the ‘cattle shed all day, 1s calculated as follows

yfp"ductlon = (0. 5 fodder dry . matter X 11tter dry matter) x 4 -

‘manure amounts to ‘around’ 50% “of “the figure for fresh
: however, less dung productlon should be antici-

' 700-800 kg.




_ous contact w1th and dally handllng by the farmer and his famlly
're e5sent1al to ensure that the anlmals do not ‘become wild and that

.Hygxenlc and veterlnary aspects of draught cattle husbandry

-Sickness of draught anlmal may lead to temporary or even permanent
kloss:of an 1mportant productlon 1nput and may severely affect the
3profi'abillty of a smallholdlng, partlcularly 1f the loss of an ani-

1hdlcates that 1n. very many cases veterlnary aspects have
ven the necessary con51derat10n durlng elther the planning




lkﬁofffbrgéﬁizétiOﬁS), Wthh in general do not have staff who are

_.ffamiiiar'With ‘animal husbandry. Another reason for the failure of
"'these projects, however, is the lack or poor efficiency of 1local

~Veterinary?serVicef;ﬂ'f?a-;;.

3;The structure of draught cattle husbandry differs fundamentally from
ftradltlonal cattle husbandry where the animals are concentrated in
'herds of varylng size which are. occasionally brought together to
=_-'-;form larger units (at watering places during the dry season). The
:gtradltlonal veterinary service is geared to mass prophylaxis rather
tthan 1nd1v1dual treatment Ain reg1ons where draught cattle are kept,
‘the anlmals are dlstrlbuted more or 1ess evenly over a wide area
3and 1n many cases a farmer w1ll own only  one: palP In view of the
Jeconom1c 1mportance of the draught cattle for the smallholdings,
__1the veterlnary serv1ce must in addition to prophylactic¢c measures,
”prrOV1de 1nd1v1dua1 treatment for the animals if they fall sick. The

':'change of structure as regards cattle husbandry therefore also ne-
-uces81tates_a change in the structure of the veterinary service if
'H_fthe.latter wishes to meet its new responsibilities.

1he keeplng cf draught eattle places the follow1ng demands on the .

eterrnary serv1ce o

.~H;gher:personnel den51ty than for tradtlonal cattle keeplng

). Adequate degree of moblllty permlttlng personnel to . reach _the:'
__lages qulckly ' L SRR k e

f}Knowledge (on part of the veterlnary personnel) of the treatment
'_~of dlseases .,J”_. v : S

;4)7Good, rapld communlcatlon between farmers and veterinary personnel

:5ﬂ5)ﬁAvailab111ty of medlcaments, 1nstruments, equipment etc. other
_g-than that required for propnylaxls

) 'ralnlng and extension serv1ces for the owners of the draught
cattle deallng with the necessary hyglene measures and dlagnosis_
cof.'the 'diseasesg = . : i

vice

fﬂareas where draught cattle are kept on an exten51ve basis. However,

~vIt should not be forgotten that the use of_.;g

1s therefore ‘more ‘costeintensive ©
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'eterlnary admlnlstratlon w1th a budget sufficient to cope with

' he existing structure, the plannlng of draugnt-cattle projects must

share of the veterlnary costs However,'calllng_;ﬁﬂ

r ct beneflt from the sum whlch they pay 1n the form of_ﬁ,_-,
mm‘d ateiy avallable- medlcaments.- A rev01V1ng fund 1s necessary

for,thlshpurpose,uln some Afrlcan countrles, however, leglslatlon
; revents'the establlshment of ‘such a fund since all incoming cash
’must be surrendered This situation must be clarified and borne in
;mind durlng plannlng

gSEQQHygiene and.care:ofwdraught.cattle

_Expendlture for treatment of 51ck drauoht cattle can be reduced if
;the farmers prov1de the prerequlsltes for keeplng the animals healthy

iand are taught how to treat 1nJur1es and cases of minor illness them-

:Selves

”fThe exten81on and tralnlng serv1ces for the farmers should initially

;concentrate on the most 1mportant areas only:

-i) Washing down of the sweatlng p01nts with clean, fresh water, par-
woogicularly in -those places where the harness rests on the body
'i'(to be done regularly upon completion of work).

f_hecklng“the gaps 1n thehmxes ~for. forelgn bodies and removal .l
¥ (3 llftlng of ‘the feet is a matter: of hablt and the anlmalsb__
ug_t to do tn;s durlng tralnlng) FEn e . o

_Cleanlng of those p01nts on the harness Whlch come 1nto contact';fi
with- the" anlmal's ‘body. If: sacklng or: other types of fabric pad-" "
1ng are’ used brushlng -out: of “dried sweat and adhering hairs; -
‘soap. Af there 1s a heavy encrustatlon of sweat.

leanlng-of;feedlng trough and waterlng bucket before every feed-
flng tlme.g:;:--- . o :

) Keeping the anlmals‘ reSting'area'clean.

_Itlls partlcularly 1mportant to keep an eye on the animals for 51gn '




,HMore «rap d breathlng or even panting
=_3”Increased salv1a flow
ﬁéiﬂAcoeleratlon of the cardiac rhythem

' _ Siowiﬁngown of pace

ect reglon._The moqt 1mportant dlseases and sult-

rophylactlc meésures are glven in: Table B/I/lo in addltlon,
__es of disease, trypanosomlasis and tick~borne diseases.

5.4 Injuries and diseases specific to draught cattle

'"_j.stresq 1nvolved 1n draught work, sometimes coupled with inade-
:quate feedlng'for ‘the performance requ1red and insufficient resting
perlods..means that draught cattle are more . susceptlble to the gene-

rally occurlng dlseases and requlre special protection.

-Afdlotlnctlon can be made between two types of ailments:
L{1) Tnoue resultlng dlrectly from the draught work

}j2}_Those resultlng from- the animals' increased susceptibility.
}”5,4;1 Mortélity

"in traditional cattle keep1ng the mean mortallty rates vary between

1n eontrast to the'tra—."

m”:s”nce thefkeeplng of dxdught cattle,

ng' eondltlons.r In practice, however, such flgurea are
fon}y seldom' on’ the contrary, the mortallty rateg are higher

than for tradltlonal cattle keeplng, 51nce in many cases the tradi-



ecome 'established “ Under  favourable circumstances and providing
~that: ‘there is an efficient extension and veterinary service, the fig-
. ure can be as. low as 5 to B%.

' 5.4.2 Ailments resulting directly from draught work
" Wounds
”ijéétméﬁtﬁ;ﬁ(i)?DiSinfebtiQn: © 70% alcohol

Boracic ‘acid (2%)
Potassium permanganate {(1%)

: S - o Mercurochrome
(2) Follow~up S Sulphonamide powder
o treatment Antibiotic powder

.. Very deep wounds must be'stitched,if necessary.,

~Cattle with deep, bleeding wounds in places where the harness rests
" on the body should not be required to wear the harness for a few
- ~days. New padding must be fitted to the harness at the points chafing
. against the animal's body. '

Sprains
ﬂ, Tféétmen£: (1) Spray with cold water or immerse in water

(2) Compresses: Mustard powder
Therebentine solution
Vinegar

(3) Allow the animal to rest until the swelling
has gone down and it can walk normally,

Tendinitis
Treatment: As for sprains

Inflamed hooves

:“”Treatment':'(i) Removal. of the foreign body

(2) Dlslnfectlon and follow-up treatment as for
“wounds. ‘The .-hoof affected must not be allowed
to come into contact with manure.

:25Q4,3'General ailments resulting from increased susceptibility

Tﬁis'category includes in particular diseases for which the natural
:”remunition or tolerance can quickly disappear under stress, e.g.:
: trypanosomiasis and plroplasm031s.
'lAbra51ons and other wounds increase susceptibility to streptothricho-

sis, as does the increasing movement of 2zebus from the semi-arid
"j_regions to the more. humid Sudan and Guinea zones.

Tired and overworked animals may be additionally weakened if infested
by'endoparasites and draught cattle should therefore be regularly




fdeﬁorhed:andilungworm and liverfluke treatment carried out, if necess-
~ary. If cows are Kept for draught work or for breeding draught oxen,
. ’brucellosis control is of importance for economic reasons.

'5.4.4 Prophylaxis and treatment of trypanosomiasis
H?N__
-flles_prov1ded that appropr1ate prophylax1s and treatment are avail-

”able S i i .
-4Keep1ng such breeds 1n testse 1nfested areas for a short time (e.g.

f;for fattenlng,_short term -use’ of draught cattle,_transhumance) pre-
_ ,sents no. technlcal problems. If the animals are to remain in such
" “areas for longer periods (e.g. for breeding, long-term use of draught
-cattle), however, the problem of resistance to trypanosomes arises
' -and to date there has been no drug available on the market to which

the trypanosomes do not build up resistance when it is used over
e B lengthy perlod ‘This problem can be av01ded to a limited extent
'“;;through alternatlve ‘use . of various drugs, at least in the medium
1fterm (keeplng ‘of . draught cattle for 4-5 years). There is as yet no
:?ilnformatlon on successful 1ong ~-term breeding and rearing of non-try-
fnfpanotolerant breeds in tsetse-infested areas with the aid of prophy-
:Tf”laot1c Mmeasures.

-:Prophylactic measures will protect the animal for 3-6 months, de-
bending-on the drug used and the intensity of the infection.

There is a difference of opinion among veterinarians as to the need
for prophylactic measures and the advantages of treatment on its

llln areas where the tsetse fly 1s found 1n smaller numbers

o _3at Sp€lelC tlmes. 51nce 1t 1s suff1c1ent to treat the Slck

"enlmals._Prophylax1s is” on the other hand tons1dered essential in

iareas heav11y 1nfested w1th tsetse flles. It must be expressly pointed
' 'ffhowever, that draught - ‘cattle which contract the disease will

.subsequently exhlblt a temporary reductlon in performance - and may

even be unable to work at all - so that prophylaxis is imperative,

ﬂ]at 1east durlng the main working period (ralny season), even if the

:l*{area is only slightly infested.

jControversy surrounds the use of drugs to increase the trypanotoler-
'nce’of tolerant and sem1 tolerant breeds and in particular of ani-

'mals subjected to stress"

113

4trypanotolerant breeds can be kept in areas 1nfested w1th tsetse—:aV”

lSome con51der that regular prophylaxls is. uneconom1ca1 and un—,:,;
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Type ! f breed

Tolerant breeds

'alxﬁmrammms

‘irainy season;. i
1x: after 3 months

‘|1 % approx.:1 month
: before start of .-
B r'ainy season -

1 x approx. 1 month

before ‘start of -
~|rainy season; 1 x
“olafter 3-4 months

1 x appmx. 1 month
before start of
ralny season; 2 X
at 4-month intervals

B 15 X, approx 1 month

1 X approx. 1 month
- |pefore start.of - .
rainyseason;i2 x/

1 x approx. 1 month

~|pefore start of
Ty 8 ; < rainy season; 3 X
at "'4-mor'1th'- -int'ervals

at. 3-month intervals

: 1 x approx 1 month
= -b_efore start of

rainy’ season, A%
at’ 2~—month mtewals

. |during rainy ‘season
land; 3-month ‘intervals

" |during dry season

1*:_<.ffapbr6x..- Lmonth |
.[before start of g

Jlrainy season; -5 X
at-2-month intervals

breeds -

(poorly fed) -

- |1 % ‘approx,.1 month
- i|before ‘start of -
- {rainy 'season; 4 x
lat 2-—month inter'vals

INon-tolerant =

T x aporox. 1 month

before start of

~ |rainy season; 5 x

at' 2-month intervals

1 X approx. 1 month

lbefore start of

rainy season; 5 x

at 2-month intervals
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ADVANTAGES  AND DTSADVANTAGLS OF “THE “VARI0US T 1,{;:&' 'c(),N,?ﬁoL,_"- METHODS

'DISADVANTAGES ~ ~ [PREREQUISITTES ~ POSSIBILITIES |

TRETHOD. I ADVANTAGES

1 TRADITIONAL © v 1 - RELATIVELY GOOD U - HIGH WATER REQUIRE- | — LARGE WUMBER OFCATTLE | RECOMMENDER QONLY
pip : (GUARANTEE ‘THAT MENT (JD (IJU 1? 00 | - PROTECTIVE foOF 1o, IF THERE ARE LARGE
SCATTLE ZARL/COM: ) : FU]UMAINTAINGSOLUTION HERDS { TRADI TIONAL
CONCENTRATION pnovmen i HERDS [N ABDIT 10N
BY WETER|NARY [RERSCNNEL! -TO ‘DRAUGHT CATTLE)
DIP MUSTEBE EMPTIED. [ EORRR IR
73 ITIMES A YEAR -

.LY P'?EGNANT CGWSr
_Cl'\LVEa AND CATTLF_

“HIGH NVESTMENT

SC0STS - . i : . Y
2+ . MACHAKOS “DIP . “REQUIRES LESS WATER < ~RISK OF * IMCOMPLETE - “RWATLABILITY . UF AUXILJ- GOOD FOR SMALLER
SRR AR B THAN TRADITIONAL “DIP .| COVERING (PARTICUEL AR=:} * ARY .PERSONNEL - HERDS OF CATTLE.

“{approx, 2250 L) = 0 LY INSIDE-EARS)- IF. . ] “CARE DN PART OF AUXILI= | £.G, FOR ONE OR
| -LOWER.ENVESTMENT - CAUXIL 1ARY ‘PERSONNEL " ~{ . ARY -PERSONNEL - MORE VILLAGES
‘| COSTS THAN:FOR - ARE-NOT CAREFUL 5 ¢ ;| -PROTECTIVE ROOF.1Q :
| TRADITIONAL “DIP |20 ~REQUIRES MORE ‘AUXILI- | "MAINTAIN SOLUTION
“NOCINJURY RISK . "' " ARY PERSONNEL THAN | CONCENTRAT [ON
e oSt ) TRADITIONAL DIP. . . | -DIP MUST BE EMPTIED
R 2-3TIMES A YEAR
-FACILITIES FOR KLLPING
THE ANIMALS IN THE DIP
(TETHERING, D]v{DlNG
e T R R R e e S BARS) .
2,:SPRAY. INSTALLATION | -POSST8LE “T0- KEER CON -ENERGY REGLTRED | To 5 -]NSTALLA"ION P‘lANUFAC" "1 NOT RECOMMENDED
TR T - CENTRATTON' OF /I NSECT=|  POWER™ INSTALLATION . | " TURED IN-COUNTRY . ] BECAUSE PREREQUE- -
L “TICIDE: SOLUTION com- - RISK OF "{NADEQUATE - .:| ~CONCERNED .. % SITES OFTEN NOT

STANT : - COVERING "OF 'HARD-TO<" | “AVAILABIL [TY OF ENERGY. | FULFILLED
“REQUIRES ‘LESS i ATER SUREATH POINTS ‘LB AMI-, i o e e
THANDIPS .S 27 027§ IMALS TPASS THROUGH .~
S NOINJURY RISK =N MANY. CASES [NSTAL~
U] 7QUICKER "THAN. DIPPING |- LATION ‘IS NOT.VET - -
| POSSTRELE -TO CRGANLZE | "MANUFACTURED '[N THE |
ON CONTRACTOR-RUN i "."| . COUNTRIES CONCERNED ] -
CBASIS || | AND MUST--BE IMPORTED -
-MOBIL[TY - CUIF NECESSARY [
e i=SUBSTANT | AL INVEST-
MENT REGUIRED
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g4,5'Adm1nierat1ve prerequlsltes and costs for prophylaxls and

*preatment of trypanosom1a51s

?ﬂProphylaqtiqhmeasupes.against and treatment of trypanosomiasis in-
- wvolve certain prerequisites, the existence, creating or non-existence
of which: a emd80151vewfactors when selectlng a breed of cattle.,-~'gﬁ

1) .fand 3) are 11m1ted readlness (coupled with appropriate
;:tralnlng) on . the part of the farmers to perform the prophylactic
-Mmeasures regularly themselves and to pay for the medicaments if
'-aunecessary

f-5) Economlc adv1sab111ty of the measures, which involve substantial

_;';zebus or exotlc breeds are to be crossed with semi-tolerant breeds

3_the stress—related loss of tolerance on the part of adapted breeds
Soisito be prevented ’

"that full benef1t can be derlved from them as anlmals for slaughter

and thlS practlce is becoming 1ncrea51ngly S1gn1f1cant

fglves details of a survey 1n Slne Saloum, Senegal




this has,

This can be attributed to the sharp rise in beef prlces,

extreme represents the optimum situation. With a view to the quality
“of the arable work,draught cattle should be used at least until the "
,young anlmals whlch w111 replace them have reached their final live

.The folloW1ng crlterla must be borne in mind when assessing the opti- g

_=mhm period of use'

7**1) Prlce of young cattle
. 2) Prices for slaughter cattle in various welght and age categories
ork to"be performed on the farm and the tractlve effort requlred fﬁﬁ

eva11ab111ty of young cattle on’ local and -regional. mar—Q:
_ding reproductlon and mortallty in existlng tradltlonali

‘,Avallabll ¥ of'capltal resources and credlt (extent, term, inter-
est): B AT SR

:Existence - oftalternative scurces: of demand for young cattle (in-

dustrial/small scale fattenlng, export)




vanasioagfbefiaaé“Of'use'

Short (1 5 years)

De51red perlod of use

Long (8-10 years)

”I'crea e in beef pro

“over a wide area if .
i+ 1imited number ‘of ‘animals
“ravailable

*{'Use'of_cattle not re-

- Heavy work can be ea511y__
"erformed;  S ;

Less capital 1vestmentxv_4i
needed: for;purchase of
_anlmals :

iOpportunlty.to keep
draught cattle: scattered

guired for draught work
for other purposes (e.g.
industrial fattening,
export)

canbe’ performed only

_ toa lipited extent or ik

not at allj
‘ Qduced ylelds

” :?R1s1ng prices for yOung.;
©.cattleas aresult of in-

:ycrEaSing“demand'

: gRlsk of exhaustlng stock.

. Q;of young . cattle avallable
1 inithe ‘region, particu-
“rlarly: if ‘there are no -

'-back-up measures to im-

Necessary to- restr
keeping:of" draught_._
cattle or 1mport ani=

”.Heavy work (ploughlng)LMﬁ'f;}Rlsk'df ihcreésé& maftal—"

_”Vﬂmals kept under poor ‘con- |
risk of re~ |
- Non-utilization of natu-

" -ral meat potential in a

- — Farmers lose additional

mals when” avallable stock  5
_:;exhausted'f -

1ty,part1cularly if ani-

dltlons_

country or region

“income from sale for
slaughter if animals die
prematurely




Market;ng f draught cattle

”mlc terms. 1rrespec+1v'”w”“

;leestock markete are in partluf-*v

}1n areas where there '15 11ttle tradltlonal"
X fikeeplng and draught cattle have been introduced only recent~'
'ff The lack of 1ncentive to sell also helps to explain why farmers
*ffﬁseﬁthe;r~graught cattle for. so many years, The establishment or
'fffurthef7deVé10pment of a marketing structure is of major importance
fwherever the keeplng of draught cattle is geared to profltablllty,

"'becomes even mor‘e 51gn1flcant as beef production becomes an

d.?au.gh_t._ cattle husbandry.

_;In many parts of Afrlca the farmers do not have easy, rapid access
-Eto 11vestock markets,' since such markets are elther‘ non-existent
for controlled by dealers and middle-men. The cattle are usually
-;iboughf dlrectly from the farmers in the villages and then offered
. at ‘the markets to butchers or other dealers., It is clear that the

emains unaware of the market 51tuat10n and the prlceslﬁm

”reas where a tradit.onal market structure of thls type is already_p-“?
n existence, it is. very . difficult to Treplace it with -a structure =
‘which” dlrectly involves the farmers,’ partlculerly if the dealer still i
‘acts asia: procurer of credit and can thus plaoe pressure on the

;farmere.¢ BNt AT ‘ : o

1ntroduce draught cattle in areas L3
n slittle  or. no traditional cattle~ 1 .0
"_lhning be ' oriented towards long~-term.

arket'structure ‘80 that . unde51rablef

romotional measures almlng to
‘there has ' previously
f




iddlemen.who consider that thls robs them of thelr proflt from their
'ealings w1th the farmers ' S

n: place of quallty—based payment which requires dead marketing
and - which 1s still 1little used, a price scale based on weight or
age oan have a. favourable effect on. the market value of draught
"ttle In ‘some - parts of: West Afrlca, for example, 4-6 year old
‘cattle. are found to fetch: hlgher prlces than younger or older animals
‘(per: kllogramme of - 11ve weight) :

7.1,

3rFUhetiohﬁof;tﬁeiektehsioﬁgservice within the marketing system

'he;marketlng s1tuatlon must be such that it can be readily under-
stood by the farmers..Thls understandlng also involves being familiar
uulth the situatlon on other large ‘markets at regional and national
'evel something whleh glven the current system, is impossible for

fthe farmers

promotlng the e

“ultable measures almed at

,jthe prOV151on of ‘an” effl—tﬁt
it 15 thls serv1ee which appears to be theis_-x“_

ient exte,51on serv1ce,

0 ate a'Marketing Section=whleh'should have,'among others, the fol-

) Imparting of 'knowledge onl *he situation concerning the market
_for young anlmels (purchase/sale for. trainlng purposes)

:) Imparting knowledge on the situation concerning the market for
: slaughter cattle it G o




The functlon,of thlS sectlon 1s not to organlze marketlng but simply
to advzse the farmers on : the ba51s of continucus monitoring of market

jwhere the anlmals are correctly fed and proper health control carried
' ffout -In general however, this is seldom the case on farms, since
: *most draught cattle are not fed. adequately ‘and the necessary disease °

”H're not carrled out o

known that WEIght galn and food conversion decrease as

;It 1s we11+
‘"fthe anlmals become older, partlcularly when they are  already fully
Igrown. Thls 1s often used as a reason to regard finishing of fully

ideveloped anlmals as uneconomlcal On' the other hand, however, the
“substantlal welght fluctuatlons (ralny—dry—ralny season) occurring
”fémongst cattle kept under the traditional system show that even old
utanlmais can exhlblt large daily increases in weight (compensatory

- welght ‘e, g. 400g; 5

‘Upper Volta (ROCHEZ 1977) “and. 450 ‘g in
_ These two' examples show.that old:cattle ‘are
rt able.to make fattenlng worthwhile. by- exhlbltlng satlsfac~ :
0 'dally ‘weight 1ncreasesu Itimust be 1nvestlgated ‘on acase- toew;
ase -basisg: whether these ‘increases’ can ‘be ‘achieved in aprofitable .
__anner,_since the economlc situatlon of the farm and: ‘the reglon plays ..
‘a maaor role'here e . S ;




ai ab'l Vi of young dbaught cattle 80 thdt the farm's overall
rklng schedule 1s not disrupted

_4) Avallablllty and cost of feedstuffs

8) Av_ailaba.l:.ty of labour
: nt of ‘daily weight increase and =

End of fattenlng

End of dry

End of rainy

Season

_‘ability of feed
S ostuffs produced
e o] the farm

- Maiin field workfﬁ
i-over when fatten—

. quirement in- -
creases -

"SEBSOII

| for: fleshy anlmals

=—Inc0me obtalned
_,durlng time of
4 "“increased: cashl'f=:
'_ " requirement
“{seed,fertili-.
.Zer; syoung: ani-

.-Labour ‘available

. weight increases

—Excéllent prices
in the event of
price variations

“Relatively good
‘since animals
already -in
weakened condi-

Lion when, fatten-&”J”__._:_.

~fExcellent prices

:-Iﬂcome ‘obtained
cas. cash becomes

for slaughter
cattle

SC&I‘CEP

-Main working period|

-Efficient utiliza-
tion of cheapest
sources of fodder
if pastureland
available

-for old animals
over-when fattening
starts

-Income obtained
when cash is
scarcest

~Farm's own feed-
stuffs not affected
if pastureland
available (re-
quired for remain-

oo ing cattley. . | ...

Dlsadvantages

Moderate or: low o
prices for - -0
-slaughter cattle

Dally we1ght galns
may. ‘be only: modera
since ‘animals in-

good ‘condition "
when - fattenlng

: large amount of
: cash brought in

s f?lng ‘starts

fQShortagé'df”féed;y

-«May be necessary B
Le to buy. addltlonalj

“stuffs’ produced
by fann 1tself

"feedstuffs

"'3?**01d cattle.stlll

:—Labour force al-*
| “ready being used

| o ful Cap801ty i'—Labour force al+--f

P AFew”fEedstuffs
it produced ‘on the
~1. farm itself

(fleld work)

fLarge welght loss
in 1lstmonth w1th
pasturewbased

available

requlred fbr work

' -shortage of feed-

—Low prlces for
slaughter cattle

-ready being used
to-full capacity
(field work)

stuffs produced
on farm unless
pastureland
available

-wNecessary to buy -
feedstuffs unless -
pastureland avall-
able

table hat these and other advantages and'dlsadvan,_t _@,,;;
18h5d up before the opLimum fattenlng time for the
be lggted._




_‘Other:types of draught anlmals 1)

’ejAlthough current and future measures aimed at promoting animal trac-
”-tlon in Africa w111 contlnue to concentrate on draught cattle, the _
‘ en 1iter e of other_draught anlmals requ1res that

5 given'he"e on the use of equldes. Thlsﬂq

"areas draught cattle are in competl—'
S'and thls may 11m1t the 1nten51ty
,used' Dromedarles w111 hot be discussed

81nce these are malnly used for work 1n the Sahara or Sahel/Sa-

'hara zone.‘As ‘a result of the varylng ecologlcally determined re-
.qgional concentratlons there is little overlapping and no competition
T”thh_draugnt”cattle. The information given in this section is nob
'e“intended to be the basis for planning or assessment of projects pro-
motlng the use. of horses and donkeys for draught work, but is merely
to be regardedfas an a3d for the planners and appraisers of draught-
=fcattle proaects whlch w111 help them "to recognlze -and evaluate the

=-'advantages and dlsadvantages of any competltlve gituation. In areas
where horses or donkeys/mules have long been used for agricultural
fdraught work e. g..7in some parts of Senegal, it will not be possible
Leto replace:them from one day to the next by introducing draughtcattle.
-{tOn ‘the. contrary, the combination of draught horses, donkeys and
.1fcatt1e may bring economic benefit.

8.1 Horses

n*Ethlopla,;In these areas the horse s maln functlon is as an
a -”for rlding, coupled w1th 1ts value as a social status symbol. _
a_ts_‘use for transport purposes 15 of secondary 1mportance, while

In East Afrlca, Southern Africa and Madagascar

b ~information is- 1amgely based on the FnO/CEEMAT study (1972):"Manual on
he employment of draught animals 1n agrlculture" '
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_1thy animal

‘"éjﬁéhdrt straight ‘shoulders

ong '1imbs’ (long front limbs, short, strong rear limbs). =

_ o ‘North Africa, Maritania, Mali
;*Barb with some Arab blood: North Africa

Dongolow and crosses with barb: Niger, Northern Nigeria
Pohym(with,sqmezkrab_leQd): Senegal, Chad

Table ;.B/I / 16 S:Lzes and welzghts of vamous oreeds of horse in West Africa

o __Bre S Welght (kg) __ [Height at shoulder (cm)
o Barb oo 300 - 450 140 - 148
.;TDongolow S ‘300 - 350 140 - 145
Pony TN | 125 -~ 135

FAO, 1972

L 8,1.4 TYpes cf work and worklng capac1tles

:fdb;draught work in Afrlca On account of its speed the horse never-
”theless has advantages over draught cattle for light work, which
mean rses _have been retalned even after the introduction




donkeys 1n4groundnut cultlvatlon in Senegal

T1me requlred (hours per hectare)
Cattle Horses Donkeys

wahe mean tract:ve effort of a horse is around 1/7 of its body weight,
"hlle the maxlmum tractlve effqrt lS glven by the FAOD (1972)as 150—nr“




Dry matter [Calcium Phosporus  Water |
w |w | @ o

-:--2-3 per 30-50 per [20-30 per | 30-50

vy | 2-4 in’ add1~{_ _ _f_rj;2—3 per o 30+5O per |20-30 per |30-50
ork u;;:_.tlon to . tional . - 100 kg Ew - jday day
;LFA;E¢~"LHV*<maanaunwe UF -
Heavy work ' | 5 in addi-~ 175/addi- .[2-3 per = [30-50 per |[20-30 per [30-50
sl gion el tional | 100 kg LW day day

' 'maintenance UF

L 15100 kg w 118/100 kg LW 3/':105 kg LW 30-50]

§_99rce ”Memento de 1'Agronome", MINISTERE DE LA COOPERATION, 1974

As monogastrlc anlwals horses requlre fodder that is readily digest-
ible,and dry pastures are therefore unsu1table for them. Most horses
are nevertheless properly fed, since the animal's value as a social
'tatus symbol means that it is usually given high-grade feedstuffs
produeeq on the farm itself (e.g. groundnut hay, millet).

??3.1,6 ZVeterinary aspects
pProbhy1actio.measures should involve deworming and vaccination against
::fAfricah’horSe sickness., Herses are not Utrypanotolerant and therefore

:'cannot be used 1n areag 1nfes ed w1th tset ce- flles

Donkeys: and males
Donkeys ‘ _ t _ w1th the exceptlon of areas
1nfested w1th tsetse flles In North Afrloa, Ethlopla and East Africa
they*are used as beasts of burden and for riding, mostly among no-

: ,ZHTurkana) In ‘North, West and Southern Africa
they _are' also used occa61onally for transport purposes, although

only“to a small extent 1n agrlculture (e g Tunlsla, Senegal, Mali,




ra 'jeffort as 1/5 1/6 of the“
pr0port10nally hlgher than “for. cattle

1 cases a: donkey can even produce a tractlve.“

' of its body welght The mean ‘maximum effort

3.5 hours (actual working

1.5 UF/day "
2.5 UF/day

nd food on their own.




" -.—Easy to handle and
; 3;_control durlng work

Low

1n1t1al outlay

“No' slaughter value '
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BASIC ASPECTS OF HARNESSING AND THE USE OF IMPLEMENTS

(U, Viebig)

Introduction

Traction capacity of draught teams

Sustained traction capacity
Determination of sustained traction capacity
Maximum traction capacity

Harnesses for cattle

a) Forehead harnesses

b} Neck harnesses

c¢) Withers harnesses

d) Shoulder harnesses (collars) .
e) Bridles

) Accessories

Harnesses for horses and donkeys
Manufacture of harnesses
Excursion: The mechanics of draught work

Implements to be used with draught animals

Assessment criteria for the gselection of implements
Methods and implements for rain-fed farming
Soil tillage and seedbed preparation

- -~ Ards and mouldboard ploughs
.Vé,Agiah'mQuidboard ploughs
"2 Ridgers s

Cultivators

Harrows

Disc and roller harrows, rollers

Sowing and planting

Crop tending

Fertilizing

Harvesting

Multi-purpose implements

137

138
138
142
142

144
145
145
147
149
152
152
155

155
157
157

162
162
164
164
164
171
171
173
175
179

180
185
187
189
193

135




4,3
4.3.1
4,3.2
4,3.3

4.4

4.4.1
4.4.2
4.4.3

4.5

4.5.1
4.5.2
4.5.3

138

Special implements for irrigated farming
Levelling implements

Creation of ridges and ditches

Puddling

Implements for powering machines and
conveying water

Capstans

Equipment for conveying water

Methods and implements for processing
harvested crops

Use of draught animals for transport purposes
Pack-saddles and sledges

Carts

Four-wheeled farm trailers

Necessary tractive effort

Area capacity and time requirementis

Provision, maintenance and repair of implements

198
199
199
200

201
201
203

204

205
206
207
209

210




1. Introduction

The productivity of agricultural holdings in developing countries
can be increased to a substantial extent through the use of draught
animals, However, this requires careful planning; in addition to
selection of suiteble implements, which must be geared not only to
the crop requirements but also to the capacity of the animals, an
appropriate method of harnessing is also of major importance.

The first gsection deals with the traction capacity of various teams
of animals. Every draught animal will have a different capacity and
the figures given are therefore only approximate.

The second section is devoted to the various types of harness. Suit-
able harnesses should be designed such that they restrict the animals'
movements as little as possible and do not impose unnecessary loads
on them. Badly designed harnesses or incorrect harnessing lead to
premature fatigue. The harnesses used in Africa are often still
~simple and incomplete.

The major element of this part of the handbook is formed by the
fourth section, which 1is intended to give an idea of the working
methods to be used with draught animals under tropical or subtropical
conditions, together with the appropriate implements. The descriptions
are not confined to implements which are already in common use, but
also extend to those which could be used in the future, possibly
in a modified form. A number of machines are described, e.g. the
mowers formerly used on a widespread basis in Europe, in order to
give the reader a few suggestions,

A further section gives some of the data necessary for estimating
working time requirements.

In conclusion, some aspects of the maintenance and supply of animal-
drawn implements are discussed.

This part of the handbook does not claim to deal with all technical
aspects of the use of draught animals. The diverse structure of the
topics discussed permits only relatively general assertions which
do not necessarily apply to each individual case, Precise analysis
of the initial situation during the planning of a development project,

137




together with weighing-up of requirements and alternative solutions
to problems, are essential and this part of the handbook can act

as a basis for this work.

2. Traction capacity of draught teams

Optimim selection of implements and draught animals, together with
optimum composition of draught teams, calls for highly detailed know-
ledge of the traction dapacity of the various types of teams and
the factors influencing it.

The traction capacity of teams of animals cannot be given 1in as
simple a form as the “engine power in kW”lgf Lractors. Instead, in
addition to tractive effort and working speed, it is also necessary
to specify the duration of the work since draught animals, unlike
tractors, become tired, Moreover, draught animals cannot produce
a specific amount of traction power in such a variety of different
tractive effort/speed combinations as is rossible with tractors by

virtue of the transmission.

2.1 Bustained traction capacity

The possibilities for using draugnt animals on farms are often limited
by the heavy work involved in tilling the soil. This requires as
great a tractive effort as possible over a lengthy period, with the
animals working for several hours a day at a moderate speed, Table
B/1I1/1 gives approximate values for the sustained traction capacity
(determined by sustained tractive effort, working speed and hours
of work per day) of various teams common in Africa. The figures given
are only reference values; they are influenced by the physical and
mental characteristics of the animals, the working conditions and
the type of work and are therefore subject to considerable variation.

The capacity of draught animals in many parts of Africa is often
smaller than given in the table because 1t is precisely at the time
when the heavy tillage must be carried out that the animals are in

a relatively poor coﬁdition. Tillage usually takes place at the start

1} 1 kW = 1 kilowatt = Q.736 HP
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of the rainy season, when the animals are for the most part weakened

as a result of poor feeding during the dry season which has Jjust

ended and are, moreover, no longer used to working.

Table B/II/1: Sustained traction capacity for various teams

common in Africa when performing heavy work

Team Li\:re Sustalzngfi) tractive effort | Werking Working hours
weight Relativ Absolutz) speed per day
kg dalN=pk km/h h

1 donkey 125 20 25 2 3-3.5

2 donkeys 250 18 45 2 3-3.5

1 horse 300 12 35 2.7 5-6

1l ox 350 14 50 2.4 4-6

2 oxen 700 12 85 2.3 4-6

4 oxen 1400 10 140 2.2 4-6

1} Related to live weights
2) 1 daN = 1 decanewton = tkp {(kilopond), physical unit of force

Source: Various suthors

The following factors influence the traction capacity of teams of

animals:

Animal-related factors:

Species, breed, sex, age, character, training,
state of nutrition, health, fatigue etc.

habit, weight

Waork-related factors:

Tractive effort, working speed, hours of work per day, type
of work (peak tractive efforts), number of animals in the
team, breaks, gradients, weather etc.

Some of these factors can be influenced by the farmers, e.g. weight,
state of nutrition, duration of work, breaks.

The three parameters constituting sustained traction capacity,

- i.e. working speed, sustained tractive effort, and hours of work

per day -~ will now be discussed in greater detail. These factors

are interrelated because, depending on the type of draught animal,
there are different optimum values for each one which, if observed,
In practice it is usually
impossible “to“keep "to the "optimum values, with the result that the

theoretically possible daily capacity is seldom reached.

will guarantee maximum daily capacity.
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a)

b)
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Sustained tractive effort

This factor is of particular importance because 1t determines
which types of work a team can perform. A pair of oxen tilling
a medium-heavy soil with a single-share plough, for example, can-
not usually plough deeper than 15 cm because their sustained trac-
tive effort is not sufficient.

One major factor influencing an animal's sustained tractive effort
is its live weight. Many animals can deliver a tractive effort
corresponding to as much as 20% of their body weight for a sus-
tained pericd, while African draught oxen cannot as a rule exceed
10-15% of their live weight. This figure is governed
by a number of factors, some of which have already been discussed
in Section B/I.

Large relative tractive efforts can be expected if the animals
are well-fed and watered, healthy, well-trained and used to work-
ing. The sustained tractive effort can be improved by measures
in the areas of feeding, general care and health care; better
training and regular use of the animals, preferably throughout
the year, will also help,

The relative tractive effort is reduced if the figures fluctuate
substantially around their mean value, a state of affairs which
cccurs particularly if the animals are tilling incompletely
cleared areas which are cultivated irregularly. It was found,
for example, that a specific team of oxen produced a sustained
tractive effort of 100 daN (kp), if the peak values ranged between
150 and 200 daN (kp), while with peak values between 250 and 275
daN (kp) the sustained tractive effort was reduced to 80 daN (kp}
{SCHERRER, 1966).

The type of harness used has little effect on the sustained trac-
tive effort if the most important requirements placed on tne har-
ness are met (see Section 3),

Experiments hizve proved that the tractive effort of an individual
animal decreases as the number of animals in the team increases;
the drop is around 7-10% for every additional animal, as is indi-
cated by Table B/II/1. This can be attributed to the fact that
the animals hinder one another and means that the total tractive
effort preduced by a team does not increase in direct proportion
to the number of animals; instead, it approaches a peak and then
drops again, In some parts of Africa, particularly in the south,
teams are nevertheless formed using relatively large numbers of
oxen (up to eight or more)(DUSEK, 1963),

Working speed

The average working speed ¢f the various types of draught animal
does not exhibit any major differences in the case of large trac-
tive efforts (see Table B/TI/1). It must be borne in mind, however,
that depending on the tractive effort reguired, every animal en-




c)

deavours %to keep to a certain speed which wvaries according to
species, breed, sex and individual characteristics, and this fact
must be taken into account when combining different types of ani-

mals to form a team (e.g. donkey and horse).

Cows, for example, move somewhat faster than oxen, even when large
tractive efforts are required, However, they need to rest more
often, so that this advantage cannot be fully exploited for heavy
work (MONNIER, 1975).

As the necessary tractive effort decreases the speed of various
types of animals or breeds may increase to varying extents. When
performing light work such as sowing, for example, cows and horses
have a significantly higher working speed than oxen, a fact which

makes them very popular for such work.

The influence of breed on the working speed during light work
can be illustrated by the figures obtained for various breeds
of cattle: when pulling a cart Peul =zebus attained an average
speed of 3 km/h, Ankolé cattle a speed of 3.5 km/h and Sahel zebus
5-6 km/h (FAQ/CEEMAT, 1972).

Working hours per day

When considering sustained traction capacity the daily working
hours of humans - which vary from region to region - should be
taken as a basis when deciding upon the working period for draught
animals. Oxen and horses can work for relatively long periods,
whereas donkevs cannot (cf. Table B/II/1).

The potential period of time for which an animal can work is de-
pendent on a number of factors: strain on the animals, working
speed, breaks for rest and feeding (as well as for rumination

in the case of cattle), weather and condition of animals.

Working hours should be kept short if the work is heavy, the tem-
perature and humidity high, or the animals young or in poor condi-
tion. The daily working hcurs can be increased if the above-men-
tioned conditions are improved and in particular if the animals
are given a long midday break or if a day of work is followed
by a rest day.

A pair of oxen, for example, can work for 4-6 hours per day when
used for tillage. The daily working time can also be increased
for a brief period provided that the animals are in good condition
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and subsequently have the opportunity to recover from their ex-
ertion and compensate for weipght losses. If a day of work is fol-
lowed by a rest day a pair of oxen can be used for as 1long as 8
hours per day.

It is reported from Senegal that N'Dama oxen are used for 7 hours

~..a day for both light and heavy work. If they are required to work
in the muddy rice fields, however, the figure is reduced to around
3.5 hours/day (CASSE, DUMAS and GARIN, 1965).

2.2 Determination of sustained traction capacity

On account of the influencing factors described in more detail in
Section 2.1 determination of the traction capacity of teams of ani-
mals is not only a lengthy process but also somewhat problematic.
The figures for sustained tractive effort, working speed and daily
working hours determined for specific teams are not universally ap-
plicable and will not necessarily even be wvalid for the same team
again when it is used at some other time. A large range of fluctua-

tionn st therefore always be expected.

It is therefore not advisable to run trials to determine the sus-
tained traction capacity for a specific case. It is sufficient to

make estimates which are based on the nature and weight of the team

used and take into account the animals' living and working conditions.

If trials of this type are nevertheless carried out, the directions
given by CEEMAT (1968) should be observed. KRUGER (1947) describes
in detail a variety of investigation methods. In additicon to tractive
effort, speed and working period, such studies should alsc record
- the various incidental times (e.g. setting-up and turning times),

~the area covered and the guality of the work, since no values of
this type have yet been given for African conditions. The measuring
~equipment should be as simple as possible, since excessive accuracy
is uncalled for on account of the large range of fluctuation of the
results,

2.3 Maximum traction capacity

In addition to sustained traction capacity, the maximum traction
capacity of the various teams is also of significance. The animals'
maximum tractive efforts may be ten times as great as their sustained
effort and are very important if moments requiring peak effort are
to be successfully overcome. The maximum tractive effort also deter-
mines the necessary strength of the implements,

':The' corresponding values are determined by abruptly stopping the
-team, The animals are brought to a sudden standstill while moving




rapidly (approx. 4 km/h) with the aid of a securely anchored rope,
thereby simulating impacting of the implement zgainst an obstacle
in the soil. Table B/II/2 gives the maximum tractive efforts of vari-
ous African teams; it can be assumed that relatively heavy animals
{donkey 150 kg, horse 350 kg, ox 450 kg) were used to obtain these
figures (CEEMAT, 1968).

Table B/II/2: Maximum tractive efforts of various African teams

Team Maximum tractive Team Maximum tractive
effort 1) effort
daN = kp daN = kp

1 donkey 300 1 ox 450

2 donkeys 450 2 oxen 800

1 horse 450 4 oxXen 1700

1) 1 daN = 1 decanewton = k kp (kilopond), physical unit of force
Source: CEEMAT, 1968

Donkeys and horses produce -~ very large maximum tractive effort in
relation to their live weight, whereas for cattle the tractive effort

is no greater than the animal's live weight.
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Fig. B/II/I: Instantaneous maximum tractive efforts of a 600 kg pair of
oxen as a function of instantaneous speed (according to
experiments by SCHERRER, 1966).

Experiments have shown that the instantaneous maximum tractive effort
is determined not only by the live weight of the team but also by
.the instantaneous speed of the team when it is stopped. Fig. B/II/1
shows this relationship for a pair of oxen weighing 600 kg. The maxi-
mum tractive effort at 4 km/h is not 800 kg as given in Table B/II/1,
but only around 500 kg or 83% of the live weight. If the animals
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are brought to a standstill from their werking speed (approximately
2.5 km/h) the maximum tractive effort is only 300 kg, representing
only 50% of the live weight,

The figures for maximum tractive efforts given in Table B/II/2 occur
only if the team is stopped abruptly while moving relatively fast.
This is the case if the team is being driven inexpertly or if ob-
stacles are to be overcome on land which is not fully cleared by
increasing the impact of the team through acceleration. The point
at issue here is whether the implements must always be strong enough
to meet these requirements. Under good conditions it should be ad-
equate to take the maximum tractive efforts of draught cattle as
corresponding to around half of the weight of the team.

3. Harnesses for draught animals

The harness serves to transfer the animals' tractive effort to the
implement being drawn. A distinction is made between the yoke (Fig.
B/II/2), which links two draught animals to each other more or less
rigidly and the individual harness, or single harness, (Fig. B/II/3),
which also permitsharnessing of each animal separately.

There are various types of yokes and individual harnesses and their
regional distribution in Africa appears to be more a matter of chance.
There are few differences between the harnesses as regards their

efficiency in transmitting power.

When assessing the quality of a harness the following points are
"~ importar®. A harness should:

- not hinder the animals' natural movements, breathing and blood
circulation, this being of particular importance for efficient

power transmission;

- permit reliable control and directing of the animals. This require-
ment is of major importance in the case of poorly trained teams.
However, harnesses providing particularly good control over the
animals restrict their freedom of movement;

- not injure the animals, The injury risk is low if large areas of
the harness rest on well-developed parts of the bhody and if the
harness fits well and does not chafe;
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- be as simple as possible to fit and remove;

- be easily adjustable to fit the animals {perhaps by means of appro-
priate adjustment devices) to compensate for bodily changes re-
sulting from growth and changing states of nutrition and in order

to permit one harness to be used for a varietyv of animals;

- permit ‘"braking", i.e. stopping of carts and trailers by the
draught animals, and facilitate reversing of vehicles and imple-

ments;
- be of simple design and permit local manufacture;

-~ be inexpensive. The importance of price should not be overestimated,
because it is low in comparison to the price of the animals and
implements. The price of the harness may become more important
if, for example, several yokes of different lengths are required
for one team for various types of work.

If the harnesses already in existence are unsatisfactory it is usu-
ally easier to introduce practical improvements rather than bring

about a radical changeover to unfamiliar types of harness.

3.1 Harnesses for cattle

The following physical features of cattle are of importance where

harnessing is concerned:

- the coarse, relatively insensitive hide; if the animals are used
regularly callouses will form;

~ the powerful, freely movable shoulders;
~ the strong withers and relatively weak chest;
- the long, weak neck {and the hump in the case of zebus in contrast

to the taurines).

Harnesses for cattle may rest on the head, neck, withers or shoulders
of the animals. A distinction is accordingly made between forehead
harnesses, neck harnesses, withers harnesses and shoulder harnesses

{collars).

a) Forehead harnesses

Forehead yokes are uncommon in Africa and will not be discussed

in detail since they have no special advantages.
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The individual forehead harness (Fig. B/II/2) must always be
heavily padded so that it 1s a good fit on different animals,
For this reason it was widely used in Europe for harnessing cows
since there were frequent changes of animals during work.

It has not yet been determined whether the maximum tractive effort
can be produced by animals wearing this harness or whether the
opposite is the case because performance is reduced by unnecessary
strain on the neck muscles (DRAWER, 1959). Cattle with a short,
strong neck and horns which are not too low, i.e. taurines rather
than 2zebus, are in all events suited to the individual fcrehead

harness.

Fig. B/1I/2; Cows wearing individual forehead harnesses pulling
a mower. (Photo: FAHR company archives)

One disadvantage of the individual forehead harness is that the
freedom of movement of the neck and head is restricted so that
the animal has difficulty in warding off flies and itgs natural
movements are hindered. Furthermore, the small contact area of
the harness may result in chafing and pressure sores during heavy
draught work and can even lead to vascular congestion in the brain
and to dizziness (DRAWER, 1959)., Animals wearing individual fore-
head harnesses are unable to stop or reverse the equipment being
drawn, although this is important only 1f the animals are used
for pulling carts.

The individual forehead harness is usually made of wood, but some-
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b)

times also of metal. Particular care must be devoted to the

padding.

Neck harnesses

Neck yokes (Fig. B/II/3) are extremely important in many African
countries. They permit reliable contreol of the team and 1t 1is
said to be particularly easy to train the animals if they are
wearing this yoke. Ancother advantage is that it permits reliable
stopping and reversing of implements (e.g. carts) if the latter
are rigidly connected by means of a towbar.

Simple neck yokes are inexpensive and easy to manufacture, but
the production of good-quality yokes is not easy. Particular care
should be paid fto ensuring that the vyoke fits properly on the
neck, which is frequently not the case with traditional harnesses.
The yoke crossbeam must have sufficiently large notches, projec-
tions, hooks or holes to permit securing of the yoke to the horns
or on the forehead by means of ropes or straps. The parts of the
brow-band resting on the forehead should be padded to prevent
chafing., Neck padding is recommended in some cases but not in
others; well-fitting neck yokes are prcbably better without pad-
ding. The individual neck harnesses should be securely fitted
in order to avoid chafing as far as possible. It should be borne
in mind that if a team is to work on crops where the distance
between the rows varies the yoke must be correspondingly wide;
several yokes ¢of different lengths are often required,

When fitting a harness rigidly, as is the case with the neck har-
ness, it must be remembered that this restricts the animals' free-
dom of movement. The head and neck are forced backwards and the
neck is also twisted to the side. The weight of the yoke - up
to 10 kg ~ places an additional burden on the animals. Chafing
and, more rarely, broken horns or even skull fractures may result,

particularly if the yoke is inadequately secured,

Despite these disadvantages the neck yoke is repeatedly recom-
mended for harnessing taurines. It should not be used for zebus,
since these are more suited to the withers yoke (Fig. B/IL/S).

If the neck yoke is used the animals should always be harnessed
on the same side so that they become adjusted to work on "their"
side through training and corresponding muscular development.
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Fig. B/TI/3: Djakoré cattle bred by the C.N.R.A. in Bambey, Senegal
wearing a beally manufactured neck yoke for transport
work. {Photo: Reh)

The stronger animal should be harnessed on the right because
during ploughing it has to walk in the furrow or on the land al-
ready ploughed and thus has to work harder.

Fig., B/I1/4: Individual neck harnesses for cattle
(HOPFEN, 196%9; DRAWER, 1959)




c)

The individual neck harness (Fig. B/I1/4; has similar advantages

and disadvantages to the neck yoke (seiting aside the considera-
tions relating to rigid linkihg of tw> animals). Individual neck
harnesses are mostly to be recommended for harnessing single ani-
mals wherever neck yckes are the usual method of harnessing pairs.
The curved designs which have a low pulling attachment and fit
closely on the neck are prceckably the best types of individual
neck harness.

1)

Withers harnesses

The withers yoke (Fig. B/IT/%) 1s the most widespread type of

cattle harness in Africa. In contrast to the neck yoke, the withers
yoke permits free movement of the animals' head and nerk, The
raction points are also located in a better place, i.e. lower,
2 that the animals' traction capacity is better utilized.

Fig, B/I1/5: Team of cattle in Tanzania wearing a withers yoke and
pulling the Wananchi ox-cart produced by TAMTU. The
iron wheels are a help on bad roads.

(Photo: GTZ Archives)

Craftsmenand farmers become accustomed relatively quickly to manu-
facturing and using the withers yoke (CASSE et.al., 1965).

The disadvantage of the withers yoke is that it makes it relative-
ly difficult to train the animals and drive the team. Braking

1

Also called ''shoulder harmesses"
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and reversing of implements by animals wearing the withers yoke
also present considerable problems.

Fig. B/II/6: Various types of African
withers yokes (CASSE et.al.,1965)

'~ In its simplest design (type A) the yoke is held in place solely

by its own weight, which ig sometimes increased by fixing a stone
on the yoke, and forced against the withers by the pull of the
implement. In most cases, however, the yoke cross-beam is secured
on the animal, A simple method is to use ropes or chaing (types
B and C)} but these are highly constricting. The more rigid the
yoke design, the more the animals' freedom of movement is re-
stricted and the risk of chafing increases.

Use of narrow iron bars (type I) entails particular risks. U-
shaped bars (type H) not only make the yoke difficult to fit but
also mean that the animals cannct be released from the yoke quick-
ly enough in an emergency. The size of frame-type withers yokes
(type K) must be well-matched to the animal or adjustable.

With the withers yoke it should again be ensured that the contact
surfaces fit properly on the body. VAUGH (1945) found contact
surfaces of between approx. 180 and 390 cm® on Indian withers
yokes; considerable variations are thus possible.




Individual withers harnesses (Figs. B/II/7, 8 and 54) give the

animals still greater freedom of movement than withers yokes.
To date they have been used for harnessing water buffaloes, which
in Africa are found only in Egypt and Madagascar.

Fig, B/II/7: Various individual withers
harnesses (FAO/CEEMAT,1972)

Use of individual withers harnesses should be promoted to a greater
extent in the future for cattle as well.

IFig B/II/B Water buffalo in Chlna wearlng 1nd1v1dual
o withers harness, (Photo: Stroppel)
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d)

e)

Shoulder harnesses {(ccllars)

Cattle collars are extremely rare in Africa.

The advantages of the collar, particularly the three-pad collar
(Fig. B/II1/9), are generally regarded as being its large contact
surface and its essentially somewhat rigid construction. This

ensures that the animals can brace themselves properly against

the harness and thereby still have adequate freedom of movement
as a result of the individual flexibility of the wvarious parts
of the harness. The pulling attachment is located low down in

a good position,

Fig. B/11/9: Three-pad-collar for cattle
(HOPFEN, 1969)

~However, in view of the fact that the collar must be individually

geared. to each animal and since a variety of materials (wocod,
leather or fabric, hair) are used in its manufacture, this narness
is not only difficult to produce but also expensive.

The collar is more suitable for harnessing horses than cattle,
since the shoulder blades of cattle are more loosely connected
to the barrel and thus require greater freedom of movement.

Bridles

In Africa the reins used to control and guide the cattle are often
secured to nose ropes or (even better) nose rings (Fig. B/II/10),
This provides an effective means of controlling the animals; the
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disadvantage 1is that the insertion of nose rings or nose ropes
involves a certain amount of expenditure, since the farmer cannot

usually carry out the work himself and disinfectants are required.

Fig. B/I1/10: Even poorly trained draught cattle can be guided by means
of reins which pass through nose rings. If a frame-type
withers yoke is used - as shown here in Ghana - the reins
can be additionally routed through the frame.

{Photo: Wessolowski)

If nose ropes are used they shculd be short, similar to nose rings
and preferably made of nylon or other synthetic fibres. The reins
should also be supported by fleoating straps, eyes on the harness
or similar so that the animal's nese is not continuocusly irritated.
If the team is led from the front the reins must not be kept too
taut, since otherwise the animals will not carry their heads pro-
perly and nose injuries are often an additional result (Fig,
B/IT/11).

The "ear bridle" has a less sharp effect on the animal than the
nose bridle. As shown in Fig. B/II/12, the rein secured to one
horn on the animal acts on the ear on the cother side. The advan-

tage of thig system 1s that nose rings are unnecessary and the
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injury risk low. In Europe halters like those commonly used for
draught horses and donkeys were formerly used in most cases for

draught cattle as well,

Fig, B/I1/11: Correct and incorrect methods of leading an animal using a simple
nose rein {FAQ/CEEMAT, 1972)

Poorly trained teams must be driven by at least two people, one
to operate the implement being drawn and the other to guide the
animals. This practice can be frequently observed in Africa.

A third person is often reguired in addition to drive on the ani-
mals. If the animals are not well-trained proper work is possible
only if the harress and bridle provide excellent direct control.
A well-trained team, on the other hand, can be directed by means
of verbal commands =nd no bridle is necessary.

mnllnum‘*

Fig. B/I1/12: Bridle secured to horn and acting
on the ear. (CEEMAT)




f) Accessories

Traces

These may be made of chains, leather or ropes. Although chains
are more expensive than ropes they are nevertheless more durable,
while leather is frequently unavailable and requires a great deal
of care. In a humid climate the 1ife of ropes can be improved
by tarring them. The {races must be long enough to ensure that
there is sufficient opportunity for adjustment in conjunction with
the adjusting devices on the implement. The necessary length of
the traces depends on the animal, the harness and the implement.

Crossbeams and swingletrees {Fig. B/II/13)

If individual harnesses are used it is necessary to have swingle-
trees, to which the traces are fixed. When animals are harnessed
singly it is also essential to have a broad crossbeam, alsc called
evener, The fittings on the crossheam and swingletree should be
such that their cross-sections and thus their locad-bearing capa-
city are not reduced.

Fig. B/I1/13: Crossbeam with swingletrees. (Source: FAHR)

3.2 Harnesses for horses and donkeys

Only collars or breast harnesses can be used for horses and donkey%.

Yokes are unsuitable for these animals since they cause permanent
damage to the sensitive withers, Fig. B/II/14 shows a collar harness

for horses. The advantages of the collar already alluded to in the
section on cattle collars are particularly valuable for heavy draught
work. However, the collar must fit well; in view of the fact that
there is little or no possibility of adjusting a collar it is usually
a proper fit only on the animal for which it was made,

Breast harnesses (Fig. B/II/15) are relatively simple to manufacture

and can be easily adjusted. The harness does not therefore have to
be tailored precisely to fit one animal and can be used for several.
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Fig. B/I11/14: Team of horses wearing a collar harness and pulling
a binder. (Source: FAHR archives)

Fig, B/I11/156: Team of horses wearing a breast harness.
(Source: FAHR archives)




During heavy draught work the disadvantage of the breast harness
is that it tends to cut into the animal, restricts its breathing
and circulation and compresses the chest and shoulder blades.

Both collars and breast harnesses must be held in place by a back/
belly band and a terret. If carts are to be used breeching (harness
arcund the hindquarters) or the like will permit stopping and re-

versing.

3.3 Manufacture of harnesses

Harnesses can usually be manufactured by local craftsmen, Possible
materials include wood, leather, fabric, straw, grass and hair, to-
gether with metal in some cases.

The framework of the harness is usually made of wood. Metal is less
satisfactory since it 1is difficult to achieve a good fit. It is a
good idea, however, to use a metal element in individual forehead
harnesses. The wood used in harnesses should in general be light but
at the same time strong and supple. It should not first be shaped
into boards or beams; 1t is better to obtain the unshaped pieces
by chopping the wood so that the grain runs in the direction of the
components, which can then resist greater stresses., In addition,

they should not be weakened by notches or holes.

Breast harnesses and covers for padding should be designed such that
no seams chafe against the animals' skin. Leather and strong, not
too coarse fabrics are the most suitable materials. Jute sacks are
too rough to be used as padding covers.

The best filling for pads is hair from a variety of animals. Leaves,
grass and straw are not very resilient and quickly become worn to
shreds.

3.4 Excursion: The mechanics of draught work

Knowledge of the interplay of forces within the draught team can
both increase understanding of the necessary adjustments to the har-
ness and implement and be of assistance in the evaluation of imple-
ments. ,

Fig. B/II/16 shows the most important forces and dimensions in an
ox/swing plough combination. The heel force (FS), the hand force
(FZ ), and the tractive force (FH) can be influenced by adjusting
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the plough and harness. The plough will attain the desired working
depth provided that the length of the traces (lz) and the coupling
height (hE) are correct. All forces are generated in accordance with
the resistance force of the soil (FR) such that the implement is
-in a state of equilibrium without the need for hand force (FH). The
burden on the person operating the implement can therefore be largely
reduced if the implement is adjusted correctly,

The angle of traction « between traces and soil is derived from the
height at which the traces are fixed to the yoke (hA), the length
of the traces (lz) and the coupling height (hE), and should be be-
tween 15° and 25°. Smaller angles mean long traces and restrict the
manoeuvrability of the team. A large angle is achieved with short
traces; if they are too short there is a risk that the animals will
hit the implement or swingletree with their hind legs and injure

themselves.

Fig. B/II1/16: Diagram of forces for an
ox/swing plough combination

In Table B/II/3 the most important forces are listed and described
in terms of cause, direction and magnitude. In the example shown
thé fairly large hand force (FH) could be avoided by means of longer
traces (lZ) or a grater coupling hook height (hE), provided that
the s0il resistance (FR) and tractive force (Fi )} remain constant.
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Table B/II/3: The most important forces ocauring in a combination during ploughing
(cf. Fig. B/I1I1/16)

Abbrevi- | Description Dependent on Direction Magni tude
ation (in example)} |in example
(N) 1)
Soil FR Acts on mould- Soil, working (15¢%) 550
resistance hoard and share | depth, width,
speed, plough
Weight FG Acts on centre Inplement Vertical 350
of gravity
Heel force FS Frictional and So0il, imple- Determined 120
compressive ment| trace by ratioc of
forces at heel adjustment frictional
force to
compressive
force (0.4)
Hand force FH To be applied by} Implement and Vertical 110
person operating| trace adjust-
implement ment, soil,
animal
Tragtive Fw Geo. total of FR’ Fg, FS, FH. {259} 650
resistance F ., F. Fa F..
r "G 5" H
Tractive F Equal to F, but | F,, F., Fo, F,.| (25°) 650
force Z acting in w R G787 H
opposite
direction

1) N = Newton {physical unit of measurement)

In practice, however, continually changing soil resistance and the
uneven gait of the animals cause the plough to move up and down,
something which the person operating the implement tries to suppress.
Despite considerable effort he is usually only partially successful,
which is why the working depth of the swing plough varies continu-

ously.

This is largely avoided on the ploughs used most commonly in Africa

by means of a depth control runner or wheel.

The adjustments are made such that the depth control runner is always
pressing lightly on the ground. This can be achieved by using longer
traces (lz) or a greater coupling height (hE) than is necessary for
the desired working depth. In the example shown in Fig. B/II/17 only
extremely great soil resistance will make application of hand force
necessary.
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Fig. B/IT/17: Diagram of forces for a Belgian plough/
oxX combination with varying soil resistance.

Changing the position of the coupling in the vertical plane will
influence the working depth, while changirg 1t in the horizontal
plane affects the working width (Fig. B/II/18). The person operating
the implement instinctively compensates for incorrect settings by
“tilting the plough or, to a lesser extent, by pressing down or pul-
ling up the plough handle.

Fig. B/11/18: Device for adjusting
the working width
and working depth of
a plough (as per
DINEUR and MORRIERES
1976}
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Incorrect settings will impair the gquality of the work. Fig, B/II/19
illustrates some of the hints on plough adjustment listed below
{(cf. MATTHEWS and PULLEN, 1976):

o N

(e W=l I 6. O WV

wrong right wrong,
a b
wrong right wrong
c - d

Fig. B/II/19: Diagram showing incorrect settings for ploughing.
(Source: MATTHEWS and PULLEN, 1976)

Symp toms Remedy
Piough not upright, tilted Lower coupling hook or shorten
towards -unploughed land traces

(Fig. B/I1/19 (a})

Plough not upright, tilted Raise coupling hock lengthen
towards ploughed land (b) traces
Excessive furrow bottom Raise coupling hook, shorten
formation, depth control traces

runner is lifted (c)

Heel does not touch furrow Lower coupling hook,
bottom, operator has to
press down on the handle (d)

Insufficient working depth Raise coupling hook, lengthen
traces, raise depth control
runner

Excessive working depth Lower coupling hook, shorten
traces, lower depth control
runner

_ Insufficient working width Move coupling hook towards

ploughed land

Excessive working width Move coupling hook towards
unploughed land
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4, Implements to be used with draught an' ..:s

Experience in Europe has shown that ar’ | traction can be used to
mechanize nearly all types of work in ¢ ;; production, from tillage,
crop tending and plant protection to harvesting and processing of

the various crops.

On African smallholdings, however, opportunities for mechanization
(using either draught animals or tractors) are severely limited.
"The small size of the holdings, the acute shortage of capital, the
farmers! low standard of training, the lack of the necessary infra-

structural features (maintenance facilities, repair shops, spare-

part supply etec.) and the "o-w level of market production'", which,
according to TSCHIERSCH : 75}, are prominent features of small-
holdings in developing ¢ ntries, mean that nowhere near all the
work which can theoretic- 7 be mechanized can actually be performed
using draught animals = Tforts must be limited to overcoming the

major peaks in the word

Top priority is giv-:: Lo tillage which, if performed solely by way
of manual labour, sually is the greatest direct restricting factor
on the extent ar intensity of preduction. Expansion of the area
under cultivation, which is both facilitated and necessitated by

the use of animal teams for soil tillage, also makes it necessary
to use drawn implements to speed up tending of the crops and - par-
ticularly in areas with a short vegetation period - sowing operations,
Draught animals can, however, perform little of the work associated

with harvesting.
Draught animals are of great importance for transport work.

Some of the work occurring in irrigated farming - and only there -

can be handled using simple drawn implements.

As a whole, it has been possible to successfully introduce animal
traction in Africa to mechanize those types of work which consti-
tuted the greater bottle-necks and could, at the same time be mech-

anized by the use of eXtremely simple means.

4,1 Assessment criteria for the selection of implements

The structure of African smallholdings, their limited financial po-
tential and the wusually inadequate training of the farmers impose
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numérous restrictions on the choice of implements. However, the cli=-
matic conditions, location and soil properties, together with the
crops to be cultivated, also impose requirements which must be borne

in mind when selecting suitable implements.

.The first step 1in selecting implements is to establish which jobs
must be mechanized in order to increase production. Consideration
should then be given to the methods to be used for this work. In

“addition to the desired effect of the work, particular attention
must be paid to ensuring that the implement is suitable in technical
terms for the natural conditions determined by so0il, climate and
topography. It must be guaranteed that the traction power required
for the chosen method does not exceed that which can be supplied
by the available animals and that the method has the necessary impact.
The implements chosen for the various jobs should form a practical
equipment sequence. '

Poor land clearance -hinders the use of implements. Although light
implements are easier to handie and transport (on poorly cleared
land), they must nevertheless be sturdy enough to withstand the in-
creased stress imposed on them by obstacles in the soil.

The implements should be chosen such that their adjustment, mainte-
nance and handling are geared to the knowledge and technical =skills
of the farmers. Their design and construction should permit repair
and maintenance work to be performed to a large extent by 1local
craftsmen.

Economic aspects play a not inconsiderable part. A high initial out-
lay represents a substantial risk for the farmer who may find it

almost impossible to bear it on his own.

Psychological factors must also be considered when selecting cultiva-
tion methods and suitable implements: traditional methods and imple-
ments or those which have already been introduced are more likely
to be accepted than those which constitute innovations and/or ne-
cegssitate changes in the land use system.

The increasing diversity of the machines and implements intensifies

the problems involved in guaranteeing proper repairs and a supply
of spare parts.
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As high a degree of familiarity with the market as possible is re-
quired before a selection - particularly the selection of a specific
make - can be made. In addition to the various implement types and
models, reports of actual experiences describing the advantages and
disadvantages of an implement are also of great value. In addition,
it must be established whether the manufacturer can guarantee to
supply spare parts throughout the projected 1life of the machine.

A list of manufacturers in African countries is given in Part A of
this handbook. Further information is provided by BOYD {(1976).

4,2 Methods and implements for rain-fed farming

The term "rain~fed farming" refers to a cultivatién system which
is solely dependent on natural precipitation for its water supply.
One crucial function of soil tillage here is to influence the soil's
water absorption and water retention capacity such that the water
remains available to the crops in large gquantities for as long as
possible.

This results in a number of requirements as regards tillage which
must be observed when selecting both the tillage method and the im-
plements. Fundamental aspects of this topic, seen from the point of
view of the c¢rop farmer and the ecologist, are discussed in more
detail in BSection B/I1II, For further information in greater detail
also refer to KRAUSE and LORENZ, 1979,

4.2.1 S0il tillage and seedbed preparation

Ards and mouldboard ploughs

Ards (Fig. B/II/20) are found in Africa only in places where the
use of draught animals has a long tradition, i.e. in the countries
north of the Bahara and in Ethiopia. The lengthy history of these
implements has resulted in a variety of designs; coriginally they
were made solely of wood, but later models had iron or steel shares
and some are today made totally of metal,

In their method of operation they most closely resemble the cultiva-
tor and farmers uszsd to ards are therefore most likely to accept
the cultivator as its '"modern" successor, Ards are simple to manufac-
ture, use and repair, but their capacity in terms of area covered
is small. It is usually necessary to till an area several times in
order to produce a satisfactory seedbed.
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Fig. B/II/20: Example of an ard from Ethiopia {HOPFEN,
1969}, {see also Fig. A/3 for method of
operation)

The mouldboard plough is now also used in many parts of Africa. Its

main feature is its method of operation, which involves loosening,
turning, crumbling and mixing the s0il and it is for this reason
that 1t is still the standard implement for basic tillage in the
humid climatic zones of Europe. The mouldboard plough is somewhat
less suitable for use in arid and semi-arid climates since the way
in which is loosens and simultaneously turns the soil may lead to
high evaporation rates and accelerated humus decomposition (see
Section B/III).

Turning the soil, however, guarantees that harvest residues, manure
and weeds are properly worked in, Ploughing is in many cases the
only way of coping with a heavy growth of weeds and alsc makes seed-
bed preparation and sowing easier. These advantages are frequently
offset by detrimental effects on the nutrient and water balance,
and not least the risk of erosion by the wind.

The mouldboard plough exhibits a relatively high degree of tractive
resistance, which precludes large working widths when draught animals
are used, and the area capacity is accordingly low.

Semi-digger plough bodies and cylindrical continental or general-
purpose bodies are suitable for drawn ploughs under African condi-
tions,

Sem1—digger~ bodies are suited to heavy cohesive 0ils. They break
up the soil into coarse clods and turn it over well, but do not mix
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it as thoroughly as the general-purpose bodies and leave a ridged
surface which reduces the risk of erosion. They require 20% more
tractive effort than the other two types of body, which should be
given preference for lighter socils.

Fig. B/II/21: Plough bodies (VENTZKI)
Top left: continental body
Top right: general-purpose body
Bottom: semi-digger body

Particular attention should be paid to the shares. Ploughshares are
subject to severe wear, determined to a large extent by the nature
of the soil.

Razor-blade shares, which do not have to be sharpened and are re-
placed when they become worn, are not suitable for African small-
holdings on account of the problems involved in procuring them., Slip
shares and plain winged shares should be used instead; they are
thicker at the cutting edge and can be sharpened by being hammered

down.
TYPE OF SHARE TYPE OF SOIL
Slip share light/mediun/heavy
Plain winged share medium/heavy, not
Q excessively stoney
Fig. B/II/22: Ploughshares (VENTZKI) Razor-hlade share light to medium-heavy

and with no stones

B light o medium-heavy,
Lij even if hard and

stoney

The decision for or against reusable shares must be seen in terms
of the cost of procuring and sharpening them. Proper hammering-out
and hardening of the shares requires a certain amount of practice
on the part of the blacksmith, Badly straightened or distorted shares
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can easily impair the alignment of the plough, which cannot always
be corrected by adjusting the body. Particular problems arise in
this respect with multi-furrow ploughs., B8kilful hardening of the
shares 1is also necessary because excessively soft shares rapidly
become worn and on excessively hard or brittle shares the tips can
easily break off,

Additional tools such as manure skimmers or various coulters have
been little used to date on drawn ploughs in Africa. Both knife and
disc coulters effectively improve ploughing; they cut the furrow
wall more cleanly than the edges of the share and mouldboard. The
coulter also gives the plough a better grip in the soil since it
operates somewhat closer tc the unploughed land than this edge does.
Coulters are often rejected in Africa because they are believed to
substantially increase the amount of tractive effort required. How-
ever, this applies only to poorly cleared or irregularly tilled areas,
where the use of knife coulters frequently causes the plough to be-
come obstructed. Disc coulters require a smaller tractive effort,
are self-sharpening and exhibit less tendency 1lc become clogged up.

Swing ploughs (Fig. B/II/23) are seldom found in Africa. These imple-

ments have no depth control wheel and it is therefore difficult to
maintain a working depth. The continually changing soil resistance
and the uneven, step-by-step tractive force exerted by the animals
cause the plough to move up and down and under favourable conditions
this can cause the working depth to wvary by more than 50% of the
desired depth. A considerable strain is placed on the operator by
his continuous efforts to compensate for these fluctuations. Swing

ploughs are, however, very light and are therefore easy to transport.

Fig. B/II/23: Swing plough (VENTZKI)

Belgian ploughs (Fig. B/II/24) are clearly the most common type of

drawn plough used in Africa. By setting the coupling hook somewhat
higher than required for the desired working depth the depth control
device 1s pressed gently against the soil, thereby making it easier
to maintain the working depth and reducing the burden on the operator.
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Under favourable conditions a depth control wheel has a slightly
smaller tractive resistance than a depth control runner. Wheels will
not run smoothly 6n stoney or wet soils and in these cases a runner
should be preferred. Runners are, moreover, less expensive and better
able to withstand substantial quantities of dust and dirt.

Fig, B/11/24: Belgian plough {VENTZKI)

Wheeled ploughs (Fig. B/II/25) make things a lot easier for the oper-
ator. The beam of these ploughs is supported on a two-wheeled fore-
carriage and is connected to it by means of one or more chains, which

cause the plough to be gelf-steering. The vertical movements caused

Fig, B/II/25 Wheeled plough: On the left with gne chain, on the right self-
steering model with two chains. (VENTZKI)
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by Ythe changing soil resistance are suppressed as In the case of

the Belgian plough, while the varicus lateral forces are ftransmitted
to the forecarriage and absorbed at the furrow wall via the furrow

wheel.

Frame ploughs are designed as single-furrow or multi-furrow models.

Common to all of them is the frame made of flat steel, which is
supported by two wheels at the front and to which the bodies are

bolted. The working depth is adjusted via the wheels.

i

Fig, B/11/26: Two-furrow frame plough. The third wheel behind the second
body is required only for transporting the plough.
(TAMTU, Tanzania}

One-way ploughs are necessary for contour ploughing, a measure aimed

at restricting erosion on slopes. These ploughs make work on level

ground easier, particularly on irregularly shaped plots.

In addition to the half-turn ploughs familiar from hechanized agri-
culture (Fig. B/II/27) there are also turnwrest ploughs (Fig. B/II/28)
which can be used with draught animals and which are lighter and

simpler than half-turn ploughs. Both types are used in Africa in
the form of Belgian and wheeled ploughs and are in some cases avail-

able for use with multi-purpose implements.
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Fig. B/II/27: Half-turn plough
(VENTZKI)

Fig. B/II/28: Turnwrest ploughs
(VENTZKI)
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_Asian mouldboard ploughs

The mouldboard ploughs used in Asia (Fig. B/II/29) operate in a
manner which lies somewhere between that of the ordinary mouldboard
plough and that of the ard: the soil is churned up and partially
turned.

These ploughs, which have a symmetrical, roughly triangular share,
reguire no 1andside1) , since there are almost no lateral forces.
They are simple to manufacture and are relatively light-weight; they
require little tractive effort and are therefore particularly suit-
able for smallholdings (CEEMAT, 1968). A model with a multiple-ele-
ment mouldboard requires less tractive effort on damp, heavy soils.

However, these Asian ploughs have been little used to date in Africa.

Fig. B/II/29: Common Asian ploughs
a) with one-piece mouldboard
b) with multiple-element mouldboard
{HOPFEN, 1969)

Ridgers

These ploughs leave ridges in the surface of the soil which, when
located along the contour 1lines, provide some protection against
erosion by water on slopes. The larger working width (up to over
90 cm} means that the area capacity is around twice as large as that

1) Landside = extended iron element which is trailed along the bottom of the
furrows and absorbs lateral forces.
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which is possible during ordinary ploughing., However, 1if special
additional tools are used to create tie-ridges as well in order to
counteract uncontrolled water runoff along the furrows the area capac-
ity is substantially reduced. An extremely Ilarge tractive effort
is necessary, particularly during primary tillage, on account of
the large working width; the creation of tie-ridges increases the
strain on the draught animals and alsoc makes the work very difficult
for the operator.

During primary tillage with the ridger, part of the soil (beneath
the ridges) remains untouched. In these areas hard layers can form
that hinder the development of plant roots, particularly if the
ridges are never destroyed as is wusual, for example, in parts of
Nigeria. In view of the fact that the compacted layers hinder the
growth of the crops and occasion a large tractive resistance during
ridging it is common practice in wvarious countries to plough the
'land before ridging. The amount of time required is then increased

accordingly.

Ridgers are often the only animal-drawn implements used by African
bullock farmers. They can be employed for primary tillage, earthing-
up {(e.g. for cotton) and weed control. The ridger does not turn the
soil over completely and it is therefore less effective in weed con-
~trol during primary tillage than the mouldboard plough. When used
during tending of the crops it does not totally destroy the weeds,
particularly if the earth thrown up is washed back into the furrows
by subsequent rainfall, thereby unearthing the weeds again.

Moreover, in view of the fact that it is difficult to use hoes on
ridge-grown crops and, if they are used, the work must be followed
by reridging, the time gained during tillage may be offset as a whole
by increased work on tending the crops. Among young crops heavily
infested with weeds, ridgers make work easier in that the rows of
plants can be readily located (CEEMAT, 1968).

Ridgers can take the form of swing ploughs or Belgian ploughs (Fig.
B/II/30). If the mouldbcards are adjustable it is possible to create
ridges of varying shape.

172




Fig. B/I1/30: Types of ridgers {VENTZKI)
a) swing plough b) Belgian plough

For c¢rop tending and earthing-up many multi-purpose implements can
be equipped with standard ridger bodies or with disc ridger bodies,
both of which operate in a similar manner to the ridger itself. How-
ever, the ridger's method of operation can also be simulated using
a mouldboard plough by ploughing two furrows together every time.

Cultivators

Cultivators are used for tillage and seedbed preparation, and in
some cases also for weed control. Hoes, which are really intended
for weed control, are sometimes also used to till the soil in the
same manner as a cultivator but in this case it is seldom possible
to do anything more than scratch up the surface of the soil.

Lultivateor tines

The tines on animal-drawn cultivators can be subdivided into spring
tines, semi-rigid tines and rigid tines (Fig. B/IL/31). The trip
bottoms frequently encountered in motorized agrinulture are not usu-
ally found on animal~drawn cultivators,
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Rigid tines are used in particular on cultivators designed for greater
working depths and for this reason are less common on animal-drawn
cultivators than spring tines.

Fig. B/II/31: Types of cultivator tines

Spring tines bend to the rear and side according to the soil resist-
ance and are thereby made to vibrate. One disadvantage is that the
working depth continuously varies, whereas one advantage of spring-
loaded tines is that they rebound from obstacles in the soil, thereby
sparing the draught animals and reducing the risk of damage to the
implement. The vibration of the tines in the s0il increases the
crumbling effect and brings more weed roots to the surface, where
they dry up more quickly. However, spring tines cannot attack com-
pacted so0il as well as rigid tines, since the distance between the
lines traced and the working depth do not remain constant.

Tine points

The various types of tine points exhibit considerable wvariations
in width and cutting angle.

0 O LAY

Sharp point Chisel point Duckfoot point sweep

Fig. B/I1/32; Various types of cultivator tine points

Narrow, sharply angled ripper points are required in particular for
shallow secondary tillage and for breaking up encrusted top soil;
broader points of the same type are also used for primary tillage.
The characteristic feature of ripper points is their relatively in-

tensive crumbling and mixing effect. The opposite result is achieved
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by sweeps, which can be more than 50 cm wide and have a very small
cutting angle. These slice off the tcopmost layer of the so0il and
the roots in it and leave the remnants of the plants on the surface.
Sweeps are only effective in weed control if used in dry soils and
the depth control of sweeps presents problems. OSweeps are always
fitted on rigid tines. In terms of width, cutting angle and method
of operation the 'half-way house" between ripper points and sweeps
is formed by the versatile duckfoot points,

Duckfoot points are fitted to cultivators for mostly shallow tillage
(up to 10 cm with a maximum of 15 cm) and seedbed preparation; in
both cases the 501l must be sufficiently moist.

Subsoil 1looseners are sometimes used for more thorough loosening
of dry soils but have not become established because the tractive
effort of the animals is inadequate for this heavy work. Moreover,
at the ¢nd of the dry season - the right time for this type of til-
lage - the draught animals are unavailable or are in poor condition.
It should be pointed out, however, that even shallow tillage of en-
crusted so0ils can be beneficial at the end of the dry season, since
this improves the soil's ability to absorb the first rainfall. Actual
tillage and cultivation of the so0il can then sometimes take place

a little earlier.

Designs

Among animal-drawn cultivators it is possible to find models with
and without depth control wheels, together with models which run
on support wheels which can be used to adjust the working depth
(Fig. B/I1/33). All multi-purpose implements to be pulled by draught
animals can be equipped as cultivators,

The working width may be between 30 cm and more than 2 m depending
upon methed of operation, team and implement. With a pair of oxen,

primary tillage  of soils which are not too heavy can be performed
with a working width of around 50 cm.

Harrows

Harrows are used to crush cleds and level the seedbed, particularly
after ploughing. They can also be employed to cover broadcast seed
and work in mineral fertilizers. Harrows can additionally play a
part in mechanical weed control before the crops sprout and while
they are very young (even if they are not sown in rows.)

Harrow tines which are pointed or curved at one end penetrate the
s0il more deeply if the tips point in the direction of movement and
legs deeply if they point in the opposite direction. The working

175




176

Fig. B/II/33: Varicus types of animal-drawn cultivators
{Source: TAMTU, Tanzania)
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B/I1/33: Various types of animal-drawn cultivators

(Source: TAMTU, Tanzania)




depth of the tines is governed not only by their shape but also by
their weight and the overall weight of the harrow, as well as by
the nature and condition of the scil, The distance between the lines
traced varies between 3 cm (shallow working in a light so0il) and
8 cm (deeper working in a heavy soil). If a tractive resistance of
10-60 N (1-6 kp) per tine is assumed (CEEMAT, 1968), the possible
working width for a pair of oxen is between arcund 1 and 2 m. The
tines must be sharpened from time to time.

The varying flexibility of the frames necessitates varying degrees
of adaptation of the harrow to the contours of the surface of the
soll, In addition to the rigid single-section harrows, whose wooden
frames can be manufactured locally (but are then not particularly
sturdy), animals. can also be used to pull multiple-section harrows
{with up to only two sections in the case of pairs of oxen), par-
ticularly zig-zag, flexible and chain-link harrows.

Fig, B/II1/34: Harrow manufactured in a local workshop with steel
and a wooden frame. {TAMTU, Tanzania)

Rigid tine harrows are primarily used for seedbed preparation; only
the very light seed harrows are emplcoyed for covering the seed and
- to a limited extent - for weed control.

Flexible harrows are extremely suitable for controlling weeds growing
amongst young crops. They are very light and, thanks to thelr special
design, can easily adjust to uneven terrain, They are so flexible
that they can also be ucsed without prcblems for ridge-grown crops.
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fig. B/II/36: The spring-tine harrows occupy a special position by virtue of their
design and have sprung tines mounted on a frame similar to that of a
cultivator. An adjusting mechanism makes it possible to change the
angle of the points and thus the intensity of the cultivation.

Disc and roller harrows, rollers

Thege implements are very rarely used with draught animals in Africa.
Oisc harrows {Fig. B/I1/37) are heavy implements reqguiring a large
‘tractive effort and, like the various rollers (Fig. B/II/38), they
are mostly too expensive for African smallholders. Roller harrows

{Fig. B/1I/39) tend to pulverize rather than mix the soil.

Fig. B/II/37: Disc harrow (TAMTU, Tanzania)

179




Fig. B/I1/39: Roller harraw
(CEEMAT, 1968)

4.2.2 Sowing and planting

The essential tasks in sowing are to distribute the individual seeds
such that each has roughly the same amount of space for growth and
to place them at an optimum depth in the soil. The amount of space
required for each plant and the optimum sowing depth vary depending
on the crop and the type of soil and reliable means of adjusting
the sowing equipment are therefore important., If draught animals
are used the seed can be broadcast or sown in rows (drilling), sown
at equal intervals or sown in small groups (dibbling). Whereas the
last-mentioned method is still performed by hand, the others are
already being carried out using drawn implements in some cases. In
addition to reliable operation and quality of work, these implements
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must offer a high area capacity and be extremely versatile, since
they are otherwise unprofitable on account of their relatively high
cost. Mechanization of sowing is an attractive prospect for farms
using draught animals, particularly on account of the fact that it
permits a far greater capacity in terms of area covered than manual
labour. The yield is determined to a great extent by whether or not
the area is tilled in time.

Seed broadcasting

Broadcast seed is not distributed evenly over the field nor is it
possible to keep a specific sowing depth when subsequently covering
the seed with loose earth., Fairly large quar.ities of seed are usu-
ally required in order to ensure an adequate crop. Mechanical weed
control using animal-drawn implements c¢an only be perfor.-~d while
the crops are young (e.g. using the flexible harrow).

In addition to cereals such as rice or wheat, various fodder crops
are also suitable for seed broadcasting. The work is usually per-
formed by hand; machines have been designed for this purpose but
they have not yet been introduced in Africa and are often unprofit-

able from the econcmic viewpoint in comparison with other sowing
equipment.

Row seeding

This method involves making parallel furrows at a specific depth
in which the seeds are placed and then covered with earth. Prepara-
tions for the actual sowing can be made using "markers" pulled by
hand or by animals (Fig. B/I1/40). Here again, the seeds are covered

over using harrows.

Fig. B/TI/40: Multi-purpose implement equipped as a
"marker" to prepare for row seeding.
{Source: ARCOMA)
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Animal-drawn seed drills are highly uncommon in Africa, since on
account of their high cost they are only worthwhile if used for cul-
tivating relatively large areas.

Seed spacing

_The purpose of seed spacing drills is not only to keep the space

~between the rows equal but also to sow the seeds at equal intervals

‘within the rows. Animal-drawn markers can make the work easier if

-the seed is to be sown by hand. %

Fig. B/I1/41: Marker to be
' drawn by draught
animals

Fi ig. B/II/42 Anlmal—drawn seed spac1ng;4;ant >rs can speed up work considerably.
: They have already acquired a certain degree of importance in Africa
since they are suitable for sowing some of the major crops (e.g.
cotton, groundnuts, mwaize, beans).
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The accuracy of seed spacing planters, i.e. the evenness of the
intervals between the seeds in a row, depends on the distance which
the seeds have to fall between the cell wheel and the furrow.

Fig. B/II/43 shows two sowing mechanisms for seed spacing planters.
The inclined cell disc is suitable for types of seed of varying shape
and size but the design means that the seeds have a long way to fall.
This distance can be reduced using horizontal feed discs. Tne disc
must match the size of the seeds and several feed discs are therefore
necegsary for varying types of seed.

Fig, B/I11/43: Sowing mechanisms for seed spacing planters. (CEEMAT, 1968)
a} Inclined cell disc; seed size unimportant but seeds
have a long way tec fall.
b) Horizontal feed disc; seeds do not have far to fall;
different discs necessary depending on seed size.

Many seed spacing planters have attachments to permit simultanecus
application of mineral fertilizers. There are also drills which can
be mounted on multi-purpose implements. The tractive effort required
for single-row sowing is comparatively small; only one animal should
be used so that rows which have already been sown are not trodden
down,

Two rows can be sown simultaneously if a pair of oxen are used and
three in the case of certain polycultivators.

It should be borne in mind that the seed must have a sufficient ger-
mination capacity since otherwise there will be too many gaps.
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Direct sowing and single-pass working

Under certain conditions it is practical to use direct-sowing equip-
ment or combined ploughing and sowing units in order to make optimum
use of the time available for tillage.

Direct-sowing equipment can he used to place the seed in the untilled
field. The furrow 1is created by 3 disc coulters and covered over
by special rollers. The equipment must be heavy so that the disc
coulters c¢an penetrate the s0il. Use of direct-sowing equipment
hecessitates special weed control measures, usually of a chemical
nature, otherwise considerable time must be expended on mechanical
weed control,

Another way of speeding up cultivation at the start ©of the rainy
season is to combine tillage by means of cultivator or plough with
sowing (Fig. B/II/44). It must be borne in mind nhere that such combi-
nations of tillage implements .nd simple seed drills may have con-
siderable‘cost advantages; on the other hand, however, the guality
of work is also an important factor.

Fig, B/II1/44: Two-furrow animal-drawn plough with top-mounted
T ‘geed drill attachment. (TAMTU, Tanzania)
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4.2,.3 Crop tending

Mechanizing tillage with the aid of animals usually results in expan-
sion of the area under cultivation and this very scon leads to a
labour bottleneck in the tending of the crops, thereby necessitating
mechanization in this area as well.

Mechanical crop tending often pursues two objectives simultanecusly;
on the one hand it is necessary to combat the growth of weeds, while
on the other hand the surface of the ground is to be kept exposed
so that the rainfall - which may be scanty - can be absorbed as far
as possible and a minimal amount of rainwater runs off on the sur-
face and erodes the soil.

A variety of implements pulled by draught animals can be used for
mechanical crop tending. Harrows and ridgers have already been dis-
cussed in preceding sections. Weeders are unsuitable for use with
draught animals, since in corder to work properly they regquire a high
working speed which the animals cannot maintain.

Of particular impecrtance are cultivators and hoes as well as appro-
1}

priately equipped multi-purpose implements.
In addition to the tine points already discussed in the section on
cultivators, so-called "weeding shares" and "wing sweeps" are used
on cultivators and hoes for crop tending.

In many animal-drawn hoes the working width is adjusted to the dif-
ferent row spacing of various crops by moving the tines on the tine
carriers (Fig. B/II/45). This also applies to multi-purpose imple-
ments. On other hoes the working width can be adjusted using spindles
or levers by swivelling the tine carriers (Fig. B/I1/486).

This can be done relatively quickly, even while work is in progress.
Following major adjustments the tines should subsequently be re-
aligned with respect to the direction of travel, a procedure which
takes some time. If this is not done - which is freguently the case
in practice - the quality of the work will suffer. Adjusting mecha-
"nisms accordingly make the machines more complicated and expensive.

When tending the crops a shallow working depth (a maximum of 5 cm)
must always be used. In the case of many crops large working widths

1) The crops must be sown in parallel rows if these implements are to be used.
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are not possible - except when the crops are young - despite the
small tractive resistance, since the work cannot cover mere than
cne row at a time on account of the height of the plants. Most animal-
drawn hoes and multicultivators are therefore designed for single-
row working. Careful coordination is necessary when selecting imple-
“ments and establishing the distance between the rows for the various
¢rops. If yokes are used to harness the animals the width of the
yoke must be matched *to the distance between the rows among the crops
-to be tended.

Fig., B/11/45: Cultivator with
ad justabtile working
width.

(FAQO/CEEMAT, 1972)

Fig. B/IL/46: Cultivator with working-
width adjustment by
means of swivelling tine
carriers. (VENTZKI)




L B/11/a7 s Multiple-row hosing in Zamuia using a locally
N

developed hoe. Photo:r Hauchs

A0 Feptilizing

Alonpslde correct, 5oil tiliage, optimam plant nubtrition s ol major
tmportance (0 high o yields are Lo be achioved. This can be puaranteed
neding orpganic o pineral Cortilizeors and o ovari-ty o ogquipment 2an

Liouned Lo oapply thiem,

A owide variety of animal-drawn Lransport eguoipment iz suitable for
spreading manure or compost. Mineral fertilizers are usually applied
by hand or using hand-held implements, even on mechanized farms,

and animal-drawn implements are seldom employed for this purpose.

Mineral fertilizers can elther be spread using fulli-width fertilizer
digtributors {(Fig. B/11/48) or placed in the immediate vicinlity of
the plants by means of special implements. This can be done at the
same time as sowing (Fig. B/I1/49), Lhe placing of the fertilizer

heing controlled by means of various metering devices.
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Fig. B/11/48: Full-width fertilizer distributor, once
commonly used in Europe. (AMAZCONE)

Fig. B/I1/49: Seed spacing planter with mineral-fertilizer placement

attachment. The fertilizer is accurately placed near
the seed, e.g. as deep fertilizing for maize.
{TAMTU, Tanzania)
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4.2.5% Harvesting

The amount of harvesting work increases as cultivation is intensified
and expanded, procedures which usually accompany the transition from
manual labour to using draught animals. In order to retrieve the
increased quantities of crops without loss it is frequently necessary

to mechanize some of the work.

However, the fact must not be overlcoked that under the conditions
found on smallholdings in Africa comparatively little use has been
made of draught animals to date for harvest work, apart from trans-

porting the harvested crops,.

Groundnut lifters

Groundnut lifting with the aid of draught animals has in particular
achieved a substantial degree of importance in some parts of Africa.
There are two major reasons for this. On the one hand, mechanization
of this work requires only simple implements, while on the other
hand the time available for harvesting .is relatively limited. If
the crop is harvested too early the yield can be reduced by around
1-2% per day (CEEMAT, 1968) and there may also be losses as a result
of fungal diseases. If the harvest takes place too late the so0il
dries out very quickly and it is almost impossible to 1ift the ground-

nuts.

The actual work is performed using ‘various lifters mounted on frames
similar to those of swing and Belgian ploughs or on multi-purpose
implement frames. The lifters cut off the roots below the crops and
loosen the soil, working at a depth of around 5-10 cm. Whether or
not the lifter can be used depends not only on the nature and con-
dition of the so0il (particularly the water content at harvesting
time), but alsc on the extent of weed infestation, the type of ground-
nut grown and the cultivation system (crop grown in flat field or
on ridges=).

The sweep lifters (Fig, B/II/50), for instance, have a relatively
good tractive resistance, are usually between 20 and 50 cm wide and
can cope with even difficult conditions. Broad sweeps are particu-
larly suitable for 1lifting the creeping varieties and for working
on light soils, while narrow ones are better for 1lifting upright
varieties. Sweep lifters are not recommended for use on ridge-grown
crops, being very difficult to handle in this case., The cutting angle
of the sweeps should have a broad range of adjustment in order to
guarantee satisfactory results with different and changing soil con-
ditions.

Straight, flat share lifters, on the other hand, are simple and
sturdy implements and in the course of trials in Gambia proved to
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be highly suitable for use with ridge-grown crops (MATTHEWS and
PULLEN, 1975). It was impossible to achieve satisfacteory results
with them in dry, hard soils and in weed-infested fields (LABROUSSE
and GODRON, 1965).

As a makeshift measure groundnuts can also be lifted with ards,
mouldboard ploughs or ridgers.

. According to LABROUSSE and GODRON, losses during lifting amount to

© less than 10% provided that suitable shares are used, while figures
of between 2 and 23% were recorded in Gambia (MATTHEWS and PULLEN,
19753,

%

A

Fig. B/I1/50: Muiti-purpcse implement equipped with
a sweep for lifting groundnuts.
{Source: ARCOMA, Upper Volta)

Other harvesting implements and machines

Apart from groundnut lifters, there will be little scope in the fore-
‘seeable future for introducing other harvesting implements into
draught-animal based farming in Africa.

There are variocus reasons for this:

1) In the case of tuber and root crops (yams, cassava) the tractive
resistance 1is usually greater than the traction power of the
animals.

2) The condition of the natural pastureland (uneven and covered with
bushes) has to date made it largely impossible to use machines
for recovering feedgstuffs., Even in improved fodder areas grass
grows in thick c¢lumps and this makes it extremely difficult to
use animal-drawn mowers.

3) Grain-harvesting machines such as the binder formerly used in
Europe and North America (see Fig. B/II/14) are designed for har-
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4)

vesting cereals (wheat, bariey, rye, oats) which are relatively
unimportant in Africa, and can be used to only a limited extent
for sorghum and millet. The heavy machines would soon get bogged
down in irrigated rice [ields. The use of binders would be theo-

rebically peossible only for upland rice.

Machines and implements for the grain and fodder harvest are com-
plicated and expensive; at present their use would be profitable
at best above single~farm level in cases where fairly large areag

can pe harvested during the crop season,

Notwithstanding the above-mentioned limitations imposed by African

conditions a few implements are shown and briefly explained below)

1)

Fig, B/I11/5): Beet lifter: the topped beet are lifted out of
the ground by the two tines. {(RABEWERK)

1)

The attention of interested readers should be dirawn to old brochures from Euro-
pean and American agricultural machinery marufacturers, which are to be found
in archives, particularly at university institutes of agricultural engineering.
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Fig, B/I1/52: Potato spinner: the potatoes are lifted and
thrown to the side by the rotor. These imple-—
ments may become increasingly important in
future for potato-growing in Africa and pos-
8ibly for other root crops as well.

(Source: SCHMOTZER)

Fig. B/II/53: Mower to be drawn by two horses. The sectional
wkzels drive the cutter bar via a gear mechanism.
Mowers have been manufactured with working wldths
of between 1lm and 2.4m, three horses being re-
quired for the larger widths, (FAHR)




Fig. B/I1/54: Rake to be drawn by one or more animals: the direction of

o rotation of the swath cylinder can be reversed, making the
implement suitable for turning and windrowing harvested
crops. Note the precise harnessing using a halter and an
individual withers harness. (Source: FAHR)

1)

4.2.6 Multi-purpose implements

Multi-purpcse implements are based on the idea of a linked seguence
of operations. If possible all jobs to be done on the farm are to
be accomplished using one single frame to which various tools are
attached. This can substantially reduce the financial burden on the

ffarm.

The multi-purpose implements used in Africa differ from those which
were widespread during the last phase of draught-animal based farming
in Europe in that they are designed not simply for cultivation and

crop-tending work, but also for soil tillage.

A basic distincticn can be made between multicultivators and poly-

cultivators. Whereas the former are used solely for field work, the
latter can also be fitted out as carts for transport work since their

base frame is equipped with a two-wheel axle and a towbar.

1) Detailed information on multi-purpose implements can he obtained from the
African manufacturers of animal-drawn implements listed in Part A.
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Multi-purpose implements are expensive and can therefore be used
only on farms with a suftficiently high degree of productivity. Pur-
chase of a polycultivator in particular calls for detailed conszidera-
tion of profitability aspects, since this impiement's more elaborate
design may make it more expensive than a multicultivator or corrs-
sponding individual implements with a separate cart.

If various jobs are to be performed in rapid succession using multi-
purpose implements this requires time-consuming and sometimes diffi-
cuit conversion work. This disadvantage is particularly serious in
the case of polycultivators, especially if transport work (e.g. water)
frequently also has to be performed during the season when the crops
are grown. S

The frequent conversions and adjustments on multi-purpose implements
should be able to be made rapidly, easily and using no or few tools.
The risk of injury or of losing parts (such as nuts or washers)
should Le as swall as pussible,

Similar demands must be impesed on unions on single-purpose imple-

ments which have toc be loesened and tightened again by the farmer

himself 1in order to adjust the implement. Out of all the possible

types of unions, the nut-and-belt connection is the least favourable.

It must be borne in mind, howsver, that even elegantly designed multi-
purpose implements call for greater technical understanding on the

part of the operator than do single-purpose implements.

The aim sometimes pursued with multi-purpose implements of familiar-
izing the farmers with adjustment operations and the correct way
of handling complex implements may be defeated by the Tarmers in
that they do not carry out the adjiustments (cf. e.g. CASSE et.al.,
1965).

Multicultivators

Muiticultivators can usually be equipped with plough bodies, ridger
bodies, various cultivator tines, seed spacing planters and various

groundnut l1ifting implements.

Fig. B/T11/55: Lxample of a multi-
cultivator (Houe Sine/
SISCOMA): can be used
in both heavy and light
versions to be drawn by
horses or oxen. Two
seed spacing planters,
among other things, can
be mounted on the
T-shaped frame.
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Fig, B/II/56: The "Arara' has a straight frame made of wooden
sections. In contrast tc the implement deseribed
above, on which the guick-action locking devices
have eye bolts, a spanner is required for adjust-
ment and conversion work on this implement, which
is suitable for use with draught cattle. (SISCOMA)

Fig. B/11/57: The '"Unibar" was originally designed for use on
ridge-grown crops and was therefore equipped with
two depth contrel wheels instead of the single
wheel tound on the implements described above. Its
Y-shaped frame is made of sectional steel. The
"Unibar" comes in both light and heavy versions,
both of which have adjustable handles and can be
equipped with s single-row seed spacing planter.

A simplified version has runners,
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Fig. B/1I1/58: "Ariana" multicultivator {SISCOMA)

This implement, which weighs between 58 and 92 kg, has a rectangular frame with a
V-shaped front section. The 60 cm wide frame necessitates appropriate distances
between the rows if work is to be performed among older (taller) crops. The working
width can be increased to 1.50 m by fitting a rail on the frame; the maximum
working width of other multicultivators is usually around 90 cm. If the "Ariana"
is fitted with one depth control wheel it is used for work between two rows which
~ .are fairly cleose together. Two depth control wheels are used for most work and
‘.give the frame additional stability, while a third wheel at the rear makes it
easier to transport the implement and guarantees more even depth control during
multiple~row sowing. The "Ariana' is relatively heavy and is recommended for heavy
s0ils and rice growing. Two oxen are required on account .1 *he large working width
. and the implement's weight makes it difficult to handle. As a result of its working
- width and weight the "Ariana" can only be used to nractical advantage on flat,
completely cleared land.

Polycultivators

The land on which polycultivators are to be used must be flat and

properly cleared on account of the weight and large working widths
-5_of_these implements. Their relatively complex design also calls for

corresponding skill on the part of the farmer (MONNIER, 1965).
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it is a good idea to use polycultivators if transport and field work
frequently overlap. Roads and fields in poor condition will often
cause the pneumatic tyres fitted on many polycultivators to be punc-

tured.

While some polycultivators have a single straight axle and cannot
be used among ridge-grown crops on account of the resultant small
ground clearance, others have a sectional axie with adjustable ground
clearance, facilitating work among ridge-grown c¢rops and tending
of taller crops. It must be remembered, however, that a maximum
ground clearance of 70-90 cm necessitates correspondingly long tools,
which are highly subject to vibration, thereby possibly impairing
the quality of the work. Once crops such as maize have attained a
height greater than the maximum ground clearance it is also imposs-
ible to use these implements for work covering more than one row.

Even among crops with wide row spacing polycultivators cannot be
used to work between the rows. The possibility of altering the track
width of the implements by moving the half-axle inwards or using
telescopic half-axles (Fig. B/I1/59) serves to adapt the polyculti-
vator to the differing row spacing of various crops. Ploughs should
be mounted on polycultivators on the right-hand side so that the
right-hand wheel can run in the furrow during ploughing. In order
to prevent lateral pull various methods have been developed for ad-
ditional shifting of the coupling point of the drawbar on the yoke to
the right.

Promotion of these implements 1is advisable only in special cases
following detailed examination of the conditions under which they
are tc be used. In some cases it has been discovered that the tech-
nically attractive but also elaborate and expensive polycultivators

are simply used as carts after a while,

[

Fig. B/II/59: Chassis of a polycultivator with track adjusting device
and a draw bar adjustable in accordance with the direc-

tion of pull, (MONNIER, 1973)
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Fig. B/II/59 shows a polycultivator on which the drawbar is continu-
ally adjusted via a tension lever in accordance with the direction
of pull. Other implements are designed such that the entire drawbar
can be moved to the side. However, it is not always possible to com-
pletely suppress the lateral pull.

Many polycultivators make things easier for the person driving the
team in that he can ride on the implement. Experience has shown that
with the driver seated greater speeds are attained than if he walks
alongside or behind the implement, with the tractive resistance re-
maining the same. If heavy work is te be performed, however, the
driver should not ride on the implement.

The stable support given to the polycultivator by its two wheels
and the drawbar results in precise depth control for the attached
toeols in suitable ground and thus guarantees high-quality work.

Using polyeultivators it is possible to perform numerous Jjobs with
a smaller tractive resistance than is the case with single-purpose
implements or multicultivators, since the tcols are supported by
the smooth-running frame. Large working widths and thus large area
capacities are possible, particularly for work where the tractive
resistance generated by . the tools is small. This must be regarded
as the major advantage of polycultivators; it is certainly possible
to use three-row seed spacing drills and hoes with a working width
of up to two metres,

4.3 Special implements for irrigated farming

Numerous animal-drawn implements can be used in both rain-fed and
irrigated farming. The latter area, however, involves a few special
Jobs for which particular implements are required.

It must be pointed out that mechanization based on small tractors
may be more economical on irrigated land than in rain-fed farming
on account of the greater yield potential; the situaticon becomes
5till more favourable if this form of mechanization makes it possible

to obtain more harvests per year (cf. FAOD, 1977).

Primary tillage can be carried out using the same implements as in
rain-fed farming. The tractive resistance is often very great in
"typical rice soils" and "technical" irrigation is often necessary
to soften the soil. When ploughing it is advisable to use one-way
ploughs which result in less unevenness than conventional ploughs.

Belgian ploughs must be fitted with runners. If ards are used the
land must be tilled up to seven times (STOUT, 1966). Particular atten-
tion must be drawn to the ploughs from East Asia, particularly the
one-way ploughs with a multiple-element mouldboard, since these re-
present a compromise between the desired turning of the soil and
the limited tractive effort of the team.

Sledges are suitable for transport work on wet land.
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4,.3.1 Levelling implements

Careful levelling is essential to ensure even distribution of the
water. The creation of irrigated farmland means that large areas
must first be levelled. Large quantities of earth must be moved in
. Bome cases, which means that a great deal o¢f time is required if
the work 1is performed using draught animals. In addition to carts
earth scoops can be used; these have a capacity of around 50 to 150
litres and are suitable for transportation over short distances.

Fig. B/11/60: Earth scoop for moving earth over
short distances. (HOPFEN, 1969)

The unevenness created during tillage must be eliminated before
sowing takes place. Apart from harrows, which exhibit wvery high
tractive resistances (cf. MATTHEWS and PULLEN, 1975}, various types
of levelling boards or beams are used for this work which involves
only small areas (cf. Fig. C/II1/3 in Part C of the handbook).

4.3.2 Creation of ridges and ditches

-Animal-drawn implements can also be used to create small ridges

marking the boundaries of irrigated areas. Most of these implements

are suitable only for making small water ditches; however, ridges

must have a strong bond with the subsoil in order to make them as

stable and leakproof as possible. Simple implements (Fig. B/II/61),

as well as mouldboard ploughs and ridgers, are suitable for creating

ridges and ditches (e.g. by combining or splitting two furrows).

Ridges and ditches which have been preshaped using animal-drawn imple-
ments must subsequently be finished off by hand using shovels or
the like.

199




Fig. B/II/61: Simple implement for
creating ridges.
(HOPFEN, 1969)

4.3.3 Puddling

In rice growing the land is tilled to a depth of 10-15 cm and then
subjected to special treatment known as "puddling” to prepare it
for transplantation of the seedling. The c¢bject of this work is to
create, above a compact layer, a layer of mud which is as uniform
as possible and to work in all ¢he organic substances. The animal-
drawn implements used for this purpcse can be subdivided into those
with rigid tools and those with rotating tools. The implemenis with
rigid tools are for the most part single-row harrows with thick

wooden tines or variocus harrow bhoards (Fig., B/II1/62),

F

Fig. B/I1/62: Wonden harrows for "puddling" in irrigated agriculture.
{CEEMAT, 1968}
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The single-row harrows can also be used for levelling if the tines
are removed or a beam fixed across their points,

The implements with rotating tools (Fig. B/I1/63) are special roller
harrows or rollers; rigid tools are often additionally fitted behind
- the rotating ones,

If sufficient time and animals are available draught animals can
also be used for puddling without implements. Levelling boards are

also used in Asia for this purpose.

Fig. B/I1/63: Roller harrows
for "puddling"
(HOPFEN, 1969)

4.4 Implements for powering machines and conveying water

4.4.1 Capstans

Capstans are used to convert the forward movement of the draught
animals into a rotary movement.
A capstan is a gear mechanism. A beam.approximately 3 metres in

length can be secured to the wvertical input shaft and the draught

~+animal is then attached to its other end. The animal moves in a

circle and the slow rotation of the input shaft is converted into
a more rapid rotary motion by the multi-step gear mechanism of the
capstan. The output speed, which is determined by the number of gear
pairs and the number of teeth per gear, is transmitted to the ma-
chines to be powered by means of the horizontal output shaft.

Wooden capstans (Fig. B/II/64) are cheap but difficult to manufacture
and somewhat inefficient, particularly if fairly high speeds are
to be attained.

The advantages of capstans over motors and engines are that they
require no external energy supply and the animals can be used for
much of the year. Furthermore, maintenance and use of a capstan do
not place any particular demands on the operator. '
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Fig. B/i1/64: Wooden capstan wilh one pair of gears for
conveying water. (Photo: GTZ Archives)
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Steel capstans, like that shown here in Morocco, are
more efficient thanks to their smooth-running
bearings and the high quality of the toolth system.
However, the cost of a solid capstan must be in
reasonable proportion to the potential performance.
{Photo; Georgen)




Capstans can be used to mechanize various jobs involved in the pro-
cessing of harvested crops. It may, however, be very difficult to
obtain suitable machines whose power consumptiion is matched to the

low capacity of the animals,

It must be remembered that when a grinding mill - to give just one
examnple -~ i3 being purchased it is necessary to precure one with
a capacity roughly similar to that of a domestic machine rather than
one designed for power take-off drive by a tractor.

When operating a capstan a donkey can deliver around 0.12 kW (0.16HP),
a horse or a light ox around 0.18 kW (0.2%5 HP) and a 400 kg ox ap-
proximately 0.24 kW (0.32 HP), (CEEMAT, 1968). The efficiency of
the capstan must also be taken into account. Provided that suitable
gear mechanisms are used it may undoubtedly be possible to operate
macitines  desipned Lo be puwsied vy Lracioers o other  aedhianical
energy sources but it is probably oconly in rare cases that this will
be economical.

It is obviocus, therefore, that capstans should be used above all
in places where there 1is no electricity supply and stationary in-
ternal-combustion engines cannct be used on account of maintenance
problems. In Europe, for example, but alse in Asia to some extent,
these two energy sources have replaced the capstan {CEEMAT, 1968).
The capstan will nevertheless regain importance in the future, par-

ticularly in Africa, as a result of the energy shortage.

4.4,2 Equipment for conveying water

Draught animals can be used in two different ways to convey water:

- Continucus delivery: This calls for a pump or a bucket wheel with

capstan drive. The preducticn costs are higher but the system has

a greater capacity (Fig. B/IL/66).

- Intermittent delivery: The animals pull a large vessel (e.g. hose

or hucket) out of a well or river by means of a rope guided around
a pulley, In this way fairly large delivery heads are possible.
The method is simple, but also laboricus and slow.
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Fig, B/IL/66: Continuous delivery of water auing o

buckel wheel o (Dhaoto:r G774 Arebiivesn:

4,4, Methods and bmplemen b for proecnnings et el g

The most  Important areea T Lhe Yhieechioogs ol everdlo, prart bdarly
rice. Thins oan e dopee i bheer by cimpe by Yoy b Shee darvimerle e
oul  the  praing witn thelr hooveo o by wsdigy veri-ans threshibng

Glexdpen,

These Lhreshing methods requlree o0 Targe, proeterably oiroular arens
with a firm surface, where the andmals ooan e led o deiven roned
in a circle. The surface should bHe cemented or, tollowing romovial
of weeds eto. and levelling of the pround, o top layer opeated rom
existing materials (e.pg. clay and cabttbe dnne ] oandd Chen ol Lowsd to
dry (CEEMAT, 1968). On accourtt of  bhe Lime poquaired Cor preegoae g
the area Lthis o only worthwhile [0 falely larego quantiticg of groain
are Lo boe Lhreshed,

The disadvanbage of this method 16 that Lhe haaevestod orops boecoms
contaminated by dung and arine, bouh of which shonald beo cropnt i
sultable contalners, FlLULing the andmads wilbho mueeios will stop vhen
cating the pgrain,

Other operations which form parct of crop processing and whiich can
he moechanized with Lhe aid of dragght animals include the prossing
of sugar cane (using vertical roller mitls) and the extraction of
palm oil, togelher wilh the shredding and greinding of grain and
possibly also the chopping of sbraw and the like. In these cases,
however, 1t iso necessary Lo use bthoe aforomentioned capstans to deive
simple machines.
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Fig. B/T1/67: Lentil threshing with the aid of a simple threshing
sledge near Aleppo in Egypt. (Photo: Holtkanmp)

4.5 Use of draught animals for transport purposes

Transportation often constitutes a major problem in Africa; adequate
means of transport are frequently unavailable and even large loads
are meostly still moved by hand or on foot. It therefore comes as
no surprise that frequent and popular use is made of draught zanimals

ror transport purposes, both in agriculture and elsewhere.

The use of draught animals for tranport work is a particularly im-
portant factor when they are introduced, for this form of use is

in most cases adopted relatively gquickly.

This can be attributed to the following factors, amcng others:

- The more intensive cultivation methods result in more transporta-
tion work. Besides additicnal crops it may be necessary to trans-

port organic or mineral fertilizers.

- An additional income cutside farming can cften be earned by trans-

porting firewood, water and commodities.
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- It is more economical to use the animals for a longer periodg,
possibly throughout the year, and this also helps them to remain
in training.

The most common animal-drawn means of transport in Africa is the
two-wheeled cart. BSimpler and thus cheaper means such as sledges
(Fig. B/VI/S)} can often be used as well, particularly when draught
animals are first introduced.

Lastly, it is important in many places that other animals (particu-
larly donkeys) which are too light for heavy field work should be
used for transport purposes, alongside draught oxen {(c¢f., e.g. KLINE,
1969).

4.5.1 Pack-saddles and sledges

Pack animals have been common for centuries, particularly in North
Africa, and are still frequently found today. Donkeys and dromedaries
are used by preference but all draught animals can in principle be
employed to carry loads. Simple pack-saddles are the only equipment
reguired {Fig. B/11/68}.

Sledges which slide along on runners are simple and inexpensive.
They are particularly suitable for use on wet ground (e.g. during
the rice harvest) where carts quickly become bogged down, but can

also be employed on dry ground.

Fig. B/II/68: Various types of pack-saddle. (HOPFEN, 1969)




4.5%,2 Carts

Two-wheeled carts in a wide variety of designs (e.g. Fig., A/7; B/I/9:
B/IV/3) are today found everywhere in Africa where it has been poss-
ible to introduce animal traction on a permanent basis.

In addition to their limited load capacity, the major disadvantage
of two-wheeled carts is that they easily become unbalanced when being
pulled up or down a hill and therefore pull or press on the animals’

harness.

Carts with large iron-rimmed wooden or with all-metal wheels have
a large ground clearance and on account of the large wheel diameter
they can cover uneven terrain relatively smoothly. Such carls are
therefore more sultable for bad roads than carts with small wheel
diameters., However, small-wheeled carts are often less expensive;
the loading areas, by being extended over the wheels, can also be

substantially wider without making the cart unstable,

On. carts with rigid metal wheels it is possible to fit oil-impreg-
nated wooden sliding bearings or metal sliding bearings.

These bearings are subject to heavy wear since the necessary lubrica-
tion is usually not performed properly.

The axles and pneumatic tyres from old vehicles are often used for
carts. In addition to the reduced tractive resistance of these carts,
particularly on a loose or soft surface, another advantage is that
the springing effect permits a light-weight design and thus a better
paylocad/unladen weight ratio, while at the same time the carts have
a longer life, These carts are relatively expensive and there is
a hipgh risk of tyre punctures, particularly on poor roads., In view
of the fact, however, that pneumatic-tyred wheels cause less damage
than metal wheels on good roads, the type of wheel should be selected
according to the prevailing conditions on the roads to be covered.

It is best to fit pneumatic-tyred wheels with maintenance-free
rolling bearings.

Both wooden and metal wheels as well as pneumatic-tyred wheels can
be fitted with block brakes which, on account of the high actuating
forces, should be applied via spindleg. On the pneumatic-tyred carts,
however, it is also possible to find the drum brakes common in auto-
motive engineering, particularly if o¢ld car axles have been used
in manufacturing the carts.

The carts are usually equipped with simple platforms, which should
have removable sideboards., Hipgh-sided bodies for transporting har-
vested crops as well as special equipment for carrying passengers
are also occasionally found. The higher and wider the body, the
greater the tendency of the cart to tilt on a slope. Carts with high
loading areas make loading difficult, although unloading can be made
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eagsier by tipping over a wider space. The load must be well-balanced,
particularly in the longitudinal direction, so that the animals are
not subjected to excessive strain.

Provided that good-quality carts are used, singly harnessed donkeys
can pull a payload of up to 500 kg, while single horses can pull
up to 1000 kg and pairs of oxen up to around 1500 kg. The possible
payload is determined to a great extent by the quality of the road
surface and the gradients to be overcome. The unladen weight of carts
to be pulled by donkeys and horses should not be much more than 200
kg, the ground clearance should be at least 0.25 m and the loading
- area should measure a minimum of 2 m®. The shafts should be 50 cm
apart and project 1.40 m beyond the loading area. For singly har-
nessed cattle these values should be 0.65 m and 2 m.

Carts to be drawn by pairs of oxen should be able to take a payload
of at least 1000 kg; the unladen weight should not be much greater
than that of a donkey cart. The loading areas should measure between
2.5 and 4 m? and should not be wider than 1.50 m (CEEMAT, 1971;
LE MOIGNE, 1971),

The gquality of the carts varies depending on whether they were manu-
factured industrially or by local craftsmen. Locally manufactured
carts frequently have a high unladen weight in relation to the pay-
load, have weak bodies and are often poorly balanced (cf. CASSE et.al.
1965; KLINE, 1969; CEEMAT, 1971). It may be possible to compensate
for the difference in the level of qualificaticons by supplying the
local craftsmen with industrially manufactured chassis which they
simply have to complete.

Fig, B/I1/69: Two-wheeled pneumatic-tyred cart
pulled via the two drawbars,
{Photo: Kiithe)
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Two-wheeled cart. with larpe spoked metal wheeis and block
The width of the loading arca is limited by the wheels.
{Phioto: TAMTY, Tanzania)

brakes .

4.5.% Four-wheeled farm Lrailers

Four-whecled trailers to be drawn by draaght animals are still a
rarity in Africa but interest in them is clearly growing in some
countries, The advantapge of trailers over carts s that the teams
of animals can use them to move larger loads which, moreover, do
not need to be balanced, in hilly torrain the animals are not sub-
Jected to stress as a result of changing equilibrium as is the case

with two-wheeled carts.

However, trailers are less manoeuvrable and considerably more expens-
ive than carts and it will undoubtedly be possible to introduce them

only very slowly on smallhoeldings in Lhe foreseesable future,

In addition to the fifth-wheel gsteering (with continuous axle) which
is usual in modern trailer construction and which above all improves
mobility, trailers can also he fitted with Ackermann steering, which
has the advantage of permitting a low loading area. The most import-
ant components can be derived from old motor vehicles.
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Fig, B/IT/71: Four-wheelod Carm Sreailer with Ackeraann steoring .
{TAMTU, Tanwanisg

5. Necessary tractive effort

¢

The tractive efforlt required tor various typoes of work Do cdhelermine |

by 4 numbar of factors:

- Working width and depth ot Lhie fmplement,

- Type and condition of soil (eop. moicture contont),

- Condition of the fields {stoncs, rootas, previous Sillage),
- blopes.

- Type of implement.

- "Pulling style” of Lhe animnlo,

The following table gives average values for the tractive offort
required  for various jebs, measured  in the course  of tests, The
figures given, which are rounded off, were recorded under widely
varying conditions and give only a rough idea of the necessary tract-

tve efforts,
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Table B/II1/4: Average tractive effort required for various jobs

"Type of work Impiement Tractive effort
(daN = kp)
”zT'Lgoséning subsoill’ Single share,15 cm deep 210
;f_3PJ@§ugrtiﬁg,_ 8-20cm deep3);' 25 em mouldboard plough 50-150
© 1 Ploughing-in green manure,
15 cm 'de_epl' : - Mouldboard plough 70
Ploughing.9-11 cm deep,
66 cm wide °) Ridger 100-140
Cultivating, max., 15 cm
deep ) Multicultivator
approx. 50 cm wide with 3 tines 40-125
approx. 80 cm wide with 5 tines 75-110
Harrowing 2) 1 zig-zag element 70-110
Sowing, double-row 1) Seed
light soil spacing 30
heavy s0il drills 40-80
Crop tendingl)
1 90 cm row Multicultivator 70
2 60 cm rows Polycul tivator 60
2 90 cm rows Polycultivator 80
Earthigg—_ggs) cotton '
90 cm wide, 4-5 cm deep) Various ridgers 80-110
| Growndnut 11fting!’
| ~uprignt variety, g
1 single. row Multicultivator with 40
L 20 or 35 cm sweep
double row Polycultivator with 75
2 20cm sweeps
- creeping varieties,
single row Multicultivator with 80
50 cm sweep ’
Trangport 2)
Cart + 500 kg + driver Cart 30-65

1) MONNIER, 1965
. 2) FMO/CEEMAT, 1972
' .3) MATTHEWS and PULLEN, 1975.
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6. Area capacity and time requirements

The time requirement {in h/ha) is the reciprocal of the area capacity
(in ha/h). The amount of time required is determined by a number

1)

of individual time components,

1) Setting-up times for

- Getting the animals ready; fetching the animals, feeding them,
harnessing them etc, may take as little as a few minutes or
as much as . an hour,

-~ Work on the implement: the amount of time for conversion and
adjustment may also wvary greatly depending on the farmer's
training and the implement itself,

2) Travelling times will be incurred depending on the distance from
the fields, gradients, condition of roads, nature of team and
means of transport used.

3) Idle times: breaks, clogging up of the implements and damage will
be of varying frequency and duration. They are influenced in par-
ticular by the team and the person driving it, the implement and
the condition of the fields,

4) Incidental times: the frequency and duration of the turning proce-
dure at the end of the field are of particular importance. The
frequency depends on

- the working width and the distance between the rows of crops,
the size and shape of the plot,

~ the headland.2)

The time reqguired for each turn varies according to the following
factors:

- Type of team

—~ Skill of the person driving the team

~ Type of implement

- Nature of the land on which the implement is being turned.

1) The literature studied by the author with regard to area capacities achieved
with animal traction in Africa does not give any detail of the size of the
individual time components and the "area capacities" given are obviously just
the area-related totals of actual working time, incidental time and idle time.
However, the travelling and setting-up times, which are not included, may be
of considerable importance. Long travelling times, for example, may be one
reason why in some cases the areas near the villages are used intensively,
although suitable land is still available further away. Excessive setting-up
times may be partially responsible for polycultivators being used simply as
carts (as already mentioned) in some cases.

2} Headlands can be dispensed with (when ploughing so asto omit one furrow at
each end of the field, which facilitates retraction) if the areas around the
plot can be used for tuming or if the round-and-round ploughing method is
used. However, it is not a good idea to turn on land where there is thick vege-

tation since this tekes too much time. If the plough has to be fully turned
on the plot a pair of oxen will reguire 5-6 m.
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5) Actual working ftime: the time required for the actual work depends
on the following:

- Type of work

- Working width, distance between rows of crops
- Working depth, quality of work

- Type and condition of implement

- Nature and condition of scil

- Capacity of team

The number of manpower hours required is also governed by the number
of people required to attend to the teams and implements and may
be dependent on several factors:

- The animals' standard of training
- The standard of training of the person controlling the team
-~ The size of the team and the type of harness

- The necessary accuracy of the control of the team

- The implement

When producing work schedules it is advisable to calculate the amount

of time required in team working hours per hectare.

The compilation of time requirements by RICHARD, FALL and ATTONATY,
1976 (Table B/II/5) was selected here because it not only gives dif-
ferent values depending on the animals and implements used and the
working conditions but also takes into account the time required
for manual labour, which in some c¢ases is substantial., On account
of the situation-related nature of working-time requirements these
data, established in a specific area in Senegal, must be regarded
only as reference values.
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Table B/II/5: Average time requirements for various types of work

Operation/

crops
cultivated

Marmual labour

Horse and

"Houe Sine"l)

Pair of oxen
and YAriana"

2)

and

Pair of oxen

3)

polveul tivator |

Mh/ha [Th/ha

Mh/ha

Th/a

Mh/hia

Th/ha

—¥h/had)

mj f

m| f

m| f

Shallow cultiva-
“jtion (dry season)

Shallow cultiva-
Jtion (start of
rainy season)

Ploughing (end of
dry season)

Ploughing (start
of rainy season)

Ploughing (end
of rainy season,
maize)
Ploughing (end
of rainy season,
Souna)®

Secondary till-
age (dry season)
Secondary till-

age (start of
rainy season)

Crosswise
marking {millet)

Marking (cotton)

Secondary till-
age {ridge-grown
crops)

|Fertilizing (dry
season; 50-150-

o soaser; =

Fertilizing (NKP,
Istart of rainy
' |season)

Applying urea

Sowing ground-
nuts {60cm rows)

Sowing cotton

Transplanting
tobacco

Sowing millet

Sowing upland
rice

18 | 6

15 {15 15

30 |30 30

10 |10

120 | -

60 | -

80 |40

80 |80

25 |25

121 -

10

60

30

25

i6 | -

16 | -
120 | -

60 | -

80 |40

80 |80

i2 | -

10 | -

16 | -

60

40

40

20
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Table B/II/5 (continued)

Operation/
crops
cultvivated

Manual 1labour

Horse and
"Houe Sine!

Pair of oxen
and "Ariana"

Pair of oxen

and

polycul tivator

Mh/ha

Mh/ha Th/ha

Mh/ha Th/a

Mh/ha

Th/ha

m| f

m| f

m| f

m

| f

o Sowing, 90cm

rows (sorghum,
maize)

Harrowing di-
rectly-sown
groundnuts

Hoeing (45cm
rows )

Hoeing (60cm
rows: )

Hoeing {90cm
rows

Applying
1herbicide
{groundnuts)

Hand hoeing
(groundnuts,
sorghum)

Thinning, hoeing
{maize)

Thinning, hoeing
{cotton, sorghum,
millet)

Thinning out
tobacco,weeding

Thinning out
tobacco

Hand hoeing
(tobacco)

|Ridging
Applying insec-
ticide (cotton)

Harvesting
groundnuts
(lifting,
placing on ricks)

Harvesting cotton
(unploughed)
Harvesting cotton
(ploughed)

Harvesting
tobacco (picking,

|hanging up)

40 |60
60 |40
20 | -

80 |40

- 600

200 [500

40

Double-row
lifting

|30

215




Table B/I1/5 (continued)

Operation/
crops
cultivated

Marual labour

Horse angd
“"Houe Sine"

Pair of oxen
and "Ariana"

Pair of oxen
arid
polycult

iyvator

Mh/ha

Mh/ha

Th/ha

la

Mh/ha

Th/ha

m| f

m| f

m| f

Harvesting up-
land rice

Harvesting millet,
placing on ricks

Harvesting maize:
dried on stems

for drying in
sheds
bringing into
sheds

Harvesting
sorghum

Harvesting sanio

Harvesting hay
on fallow land

Collecting
harvest residues
e,g. straw

Loading and un-
loading
(per torne)

Pulling up and
burning cotton
stems

Clearing tobacco
fields

{Taking down and
ipacking tobacco

Pulling up, wind-
rowing and
burning millet
roots

Pulling up, wina-
rowing and
burning sorghum
roots

160 [100
40 1130
45 {70
45 |70

- f20

140 125
80 |40

60 |40

80 |24
4 | -

100 150

| -

+ transport

+ transport

34 |34

35 |43

35 143

+ transporting 3 tomnes
+ transporting 4.5 tonnes

+ transporting 5.2 tonnes

ing

ing

24

24

24

I

2 tomnes o

40 {40

14 | -

2 tonnes o
-] -

40 |50

1.8-2.2 tonnes

f hay

30

f stems

30

30

40 150

14 |

-4
- |

30 |40

30 140

20

20

20

1) Working width as cultivator &0cm, double~row sowing (45-90Cm rows)

2) Working width as cultivator 90-120cm, doublerow sowing (45-90cm rows)
3) Working width as cultivator 180cm, double or triple-row sowing
4) Mn/ha = Manpower hours per hectare; Th/ha = Team working hours per hectare
5) m = male, F = female

Source: Compiled by RICHARD, FALL and ATTCNATY, 1976, based on various authors
(see bibliography and country-by-country table)
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7. Provision, maintenance and repair of implements

Provision, maintenance and repair of implements often present major
problems wherever animal traction is used in Africa.
The reasons for this may include the following:

- No craft enterprises or industries

- Financial strength of craft enterprises and industries is low

- Inadequate tools and machines

- The poorly developed infrastructure {(road system, communication,
trade) creates problems in procuring raw materials and distributing
products

- The market for animal-drawn implements is small and undergoing
uncertain development

- The farmers have little understanding of technic:: matters

Provision

When animal traction is introduced the implements zre initially pro-
cured by the project executing organization in many cases and then
s0ld to the farmers. In the course of subsequent development it then
becomes necessary to find or establish independent, efficient pro-
curement and marketing organizations for implements and spare parts.
In addition to 1local craft industries, potential assistance can be
given here by governmental agencies as well as self-help orgahiza-

tions and projects sponscred by private or church bodies.

It is often difficult to meet the growing need for animal-drawn im-
plements. Even in regions where the use of draught animals has long
been a common feature it may become necessary to improve or reorgan-
ize the implement supply system, e.g. if previous suppliers cease
to be involved.

There are various ways of meeting the need for implements and these
are shown in Table B/II/6; the possibility of subijective assessment
cannot be precluded.

Imports of animal-drawn implements from industri- ized nations have
declined., This source of eguipment has been replac-~3d by manufacturers
from the developing countries who supply both their national market
and those outside it (TSCHIERSCH, 1975 and Section A/3.6).

It is impossible to give a general answer to the question of whether
implements should be solely imported or manufactured within the
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country;

in the country in question.

the situation must be Judged on the basis of conditions

In principle, the target should be a high degree of domestic produc-

tion,

Decentralized production at local level

can be aimed for if the

qualification standard of the craftsmen and the available workshop

equipment

more complex parts of an
on a centralized basis
are then simply required to finish off the
suitable implements should only be considered

S0 permit.

or a similar onne

is

also ruled out,

in special workshops.

However,

implement.

If these requirements are not fulfilled the
implement can be manufactured separately
The local craftsmen
Importing of

if this alternative

importing would seem

to be particularly advizsable if the markets to be supplied are small,

Table B/I1/6: Advantages and disadvantages of various
the need for animal-drawn implements

ways of meeting

-y

Meeting of Price |Flexi- Raw Marketing|Contri-
demand bility/ material | organiza-|bution
develop— |[supply |tions to in-
Quali- Quanti- ment of tegrated
tative tative implements develop~
ment
1. Importing Good Good, High Poor, muchiMNot Necessary {No
from indust- large expendi- !appli-
rialized batches ture caple
nations necessary
2, Importing Good Some- Lower |Better Not Necessary|No {(in
from develop- times than than appli- country
ing nations un— for 1. {for 1. cable doing
certain the im-
porting)
3. Central- Good Good Lower {Good Must Necessary |Yes
ized national than be or-
production for 1. ganized
and 2.
4, Decentral- |Less Un- Very Flex— Highly |Not Sub-
ized local good certain, {low ible but |prob- appli- stantial
production of'ten little lematic [cable
custom innova-
produc-— tion
tion
5. Local manu- |Poor Un- Very Flex- Not Not Doubt-
facture of certain, |low ible, appli~ |appli-  Iful
very simple often little cable cable
implements custom innova-
(village produc- tion
technology) tion
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Repair and maintenance

The service life of even relatively simple animal-drawn implements
is in practice often far shorter than that which could be achieved,
If this state of affairs is to be changed, farmers and local crafts-
men must be thoroughly trained and properly equipped so that they
can repair and maintain the implements.

In the course of training and extension work the farmers should be
given appropriate instruction and encouraged to

- handle the implements correctly in order to prevent unnecessary
damage. The sale of implements which are new to the farmers should
be accompanied by at least a brief introduction to the implement

and now to use it;

- recognize damage and signs of wear which will necessitate repair,
adjustment or replacement of parts. It is all too often the case
that repairs aredelayed until the implements have become totally

unusable or can only be repaired at great expense;

- carry out the necesgsary maintenance, for which they musi often

first learn how to handle tools correctly;

- dismantle the implement after use {(insofar as this is possible
on the farm), clean the parts, check them and if necessary replace
them and protect bolts and parts with a hardened surface against
corrosion by greasing them. This guarantees that defects making
it impossible to use the implement at the desired time are not
discovered at the start of the next period of use or that corroded
adjusting screws, for example, do net prevent correct adjustment
of the implements and thereby impair the quality of the work;

- not simply leave implements which are not required lying around
in the fields or in some corner cof the farmyard, but to store them
50 that they are protected against moisture.

The reason for implements being in a poor condition may be the lack
of even the simplest tools. The result of a shortage of means of
transport may often also be that heavy implements are dragged along
the ground and damaged during transportation.

The farmers are often incapable o¢f performing even simple repairs
and it is usually Jjust as impossible for the supplier of the animal-
drawn implements to set up an adequate marketing and repair organiz-
ation as it is for government agencies to do so. It is therefore
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necessary to make sure that local craftsmen can repair and service
the implement.

Al though there are of course regional variations, the situation as
regards local rural craft industries can in general be characterized
~as follows:

'~ The craftsmen often work sitting out of doors or in low huts.
- The tool complement is often highly incomplete.

~ Raw materials are often brought by the customer or have to be ob-
tained from scrap parts (e.g. from old trucks ete.), which means
that the desired quality is not always available. Many craftsmen
have no stocks of materials.

- The craftsmen are unfamiliar with procedures of importance in
repair and maintenance; many of them, for example, cannot sharpen

ploughshares correctly.

- The craftsmen often work only to order, so that in case of need
the farmer has to wait a long time for his spare part, e.g. a

plcoughshare.

These points clearly indicate that local craft industries are in
need of strong support. The craftsmen should be placed in a position
to perform a wide variety of jobs using simple aids since they cannot
make a living simply by repairing and servicing animal-drawn imple-

ments.

“"In addition to tie manufacture of simple implements {(yockes, harrows,
sledges, carts) and hand tools (such as wheelbarrows, hoes and knives)
additional sources of income can be provided by the production of
gimple workmen's tools (pliers, screwdrivers, hammers) and household

articles (e.g. furniture),

Moreover, the craftsmen should be able to repair and service not
Just animal-drawn implements but alsoc bicycles, mopeds, pumps, locks

etc.

In order to ensure that this work is carried out properly workshops
must be set up and the craftsmen given appropriate training.

.. The craftsmen must work standing up, something which in many places
“ 18 not a usual feature of traditional craft industries. The basic
workshop equipment should comprise at least a smith's hearth with




water tank, a bench with a heavy-duty vice, a heavy anvil and shelves
for materials and finished parts. Each craftsman additionally re-
quires a certain amount of basic equipment including, among other
things, hammers of varying weights, files, pliers and saws etc,,
while other tools such as blowtorches or welding equipment are re-
quired only by a few specialized craftsmen.

Some of the tools can be manufactured by the craftsmenthemselves,
while others must be purchased. The finances of the craftsmen are
often just as inadequate for this purpose as they are for setting
up the workshop and credits must therefore be made available,

Besides purely craft-based abilities the craftsmen must acquire a
number of commercial skilis in the areas of purchasing and selling,
pricing, bookkeeping and stockkeeping.

The number of craftsmen and dealers required for selling, repairing
and servicing animal-drawn implements 1is determined, among other
factors, by the number and type of implements in the region and the
skills of the craftsmen and the farmers. As a guideline, JANAUD and
KELLERMANN (1967) state that one craftsman is required for every
1000 members of the populaticn. CEEMAT (1968) maintains that a dealer
should have an operating radius of 20 km; he must therefore have
suitable means of transport at his disposal. Another decisive factor

is the population density.

Fig. B/I1/72: Complete production of animal-drawn implements from old or scrap
material - as shown here in an example from Mali - calls for con-
siderable craft skills and a basic set of forging tools.

(Photo: Munzinger/near Bamako, Mali)
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1. Preliminary remarks

Given suitable conditions the use of animal traction in Africa may
permit more intensive use of larger areas than is possible using
manual labour and thus make a decisive contribution towards increas-
ing production. In contrast to the sub-tropical arable areas of North
Africa, where some of the fieldwork has always been performed with
the aid of draught animals, the areas south of the Sahara have only
recently experienced the introduction of animal traction, a process
which has been slow and has achieved varying degrees of success.
Some of the reasons for this are to be found in the unfavourable
environmental conditions, the majority, however, is related to
African civilization, The introduction of draught animals represents
an enormous innovation. Experience has shown that it can be success-
ful only if the crop-growing and farming systems are entirely matched

to it and the technique is used in a correct and logical manner.

This section i1s intended to supplement the other parts of this hand-
book and will discuss only the framework conditions relating to eco-
logy and crop growing which play a part in the use of draught animals
in the tropics and sub-tropics, the major emphasis being focused
on the use of draught oxen. Given the size and varied character of
the areas under discussion, however, it is impossible to aveoid a
high degree of simplification; in an actual project situation it
should nevertheless be possible to draw conclusions as to local con-

ditions.
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2. Ecological conditions

Even in the tropics and sub-tropics arable and crop farming are
geared as far as possible to the natural environmental conditions,
which are mainly characterized by climate and weather. These regions
can be appropriately divided up into ecological zones on the basis

of the length of the humid and arid seasonsl):

1. Rain forest 0 - 2 1/2 arid months (humid)

2. Humid savannahs 21/2 - 6 1/2 " " (semi-humid)
3. Dry savannah 6 - 8 1/2 " " (semi-arid)
4. Thornbush savannah 8 1/2 - 10 " i {arid)

5. Semi~deserts mere than 10 " " (arid)

6. Tropical highlands

It is impossible to draw precise geographical boundaries between
‘these zones, which are also certainly not uniform within themselves,
Of particular importance on a local basis is the natural amount cof
precipitation, whether it is distributed over one or two rainy
seasons and whether they occur during the warmer or cooler part of
the year. Tropical and sub-tropical highlands exhibit special fea-

tures on account of their exposed location and geographical latitude.

The type of ecological zone into which an area falls has a decisive

influence on:

- the type of vegetation,
~ the soil formation,
~ the advisability of growing various field crops and

- the type of farming in the region,

and thus also influences the possibilities for keeping and using

draught animals.

The crops grown in the rain forest zone are mostly perennial crops
which generally require little tillage. Although good use can be
made of animals for transport work, it is difficult to keep heavy

livestock in these usually somewhat hot and humid areas and the effi-
ciency of the animals is low, so that there is little chance that
the practice will spread.

1) Based on: Manshard, E., 1968: Einfihrung in die Agrargeographie der Tropen,
Bibliographisches Institut Mannheim.
Franke, G,, Patzold, H., 1978:; Nutzpflanzen der Tropen und Subtropen. Band
IIT; 8. Hirzel Verlag Leipzig.
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It is in the savannah regions, where the cultivation of annual crops,
mostly c¢ereals, predominates, that there are the best conditions
and the greatest need for the use of draught animals.

The humid savannahs, with annual precipitation between 1200 and

1700 mm, are used intensively for arable farming. Provided that due
care is taken it is certainly possible to keep heavy livestock bup
problems arise tc varying degrees in many parts of Africa on accogné
of the tsetse~-fly.

The dry savannahs, with rainfall of between 500 and 1200 mm, have

always been 1livestock-keeping areas and arable farming is not so
wiedespread. Shifting cultivation i1s still practised where the annual
rainfall is around 500 mm, About 750 mm 1is regarded as the limit
for effective use of draught animals with conventional implements,
since it is usually impossible to till the sc¢il until the rainy season
has started and the vegetation period may then easily become too
short. The possibility of minimum tillage using draught animals,
a topic which is undoubtedly of particular interest for these areas,

is being investigated (e.g. in Botswana).

In the sub-tropics {(see map, Fig, B/ITII/1l) cereal growing is predomi-
nant only in places with precipitation exceeding 500 mm. In the drier
areas with annual precipitation between 200 and 400 mm it is possible
to practice so called "dry farming" with annual alternation between
cultivation and tilled fallow. Draught animals are commonly kept
and used in this climatic zone but there may be problems as regards

regular provision of adequate feedstuffs and water.

In the tropical highlands the opportunities for using draught animals

are governed by the topography, while the conditions for keeping
them are good on account of the low temperatures. Animal traction
has long been traditional in the Ethiopian highlands, whereas on the
Fplateaus of East Africa it has only recently started to become more
widespread.

The introduction of draught animals in the tropical and sub-tropical

zones ol Africa represents an extensive departure from traditional
shifting cultivation and a changeover <©o permanent farming. This
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results in widely varying conditions as regards

- preparation of the arable land (clearance etc.)
- possibilites for tillage
- maintaining of soil fertility
"2 eultivation techniques
- selection of crops

'~ guaranteeing of the fodder supply.
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Fig. B/II1/1: WMap depicting the tropical and sub-tropical
climatic zones of our planet (as per Walter, 1973).
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3., Land clearance

in traditional shifting cultivation it 1s neither necessary nor de-
sirable to strip the land of all its existing vegetation. In view
of the fact that the plot will cease to be used after a few years,
the tree stumps which are left will speed up the regeneration of
the land by putting out shoots again. The only implements used for
clearance are bush knives, axes and hoes and with this simple equip-
ment complete clearance, including removal of tree stumps, would
involve too much work. It 1is therefore only the undergrowth and
smailer trees which are removed, while large trees are killed by
means of so called "ringing" {(removing pieces of bark of a specific
width) and in some cases subsequently felled, usually leaving tall
stumps in the field. These cause no problems if the land is tilled
in the conventional manner using a hoe, The wood is burned in order
to dispose of it; the ash fertilizes the soil to a certain extent
provided that it remains in the ground and is not washed away by
the first rain. Rapid and complete incineration also helps to create
a seedbed that is free of weeds.

In s=savannahs where there are few trees the grass and bushes are
treated in the same manner, the advantage of this type of clearance
being that the topsoil, which has a high humus content, is scarcely

disturbed.

If it is planned to use draught animals, however, the land must be
stripped of all its original vegetation so that trouble-free plough-
<oing is guaranteed. The vegetation below the surface must therefore

also be removed.

Useful aids in this work are hand-operated winches with steel cables
for felling the trees with simultaneous removal of the root balls.
The winch 1is anchored to a neighbouring tree and the steel cable
secured some way up on the tree to be felled; it is advisable to
remove the undergrowth beforehand., Very wet so0il is a help, since
if the ground is dry the trees will easily snap and the stumps must
then be removed by hand. Trees with a diameter of up to 20 cm, to-
gether with their larger roots, can be removed without difficulty.
However, this equipment cannot be used for thicker frunks and it
is therefore probably best to employ it primarily for clearing
secondary bush.

Only limited use can be made of draught animals in land clearance
work, for example for assisting in the removal of tree stumps, col-
lecting_the wood to form rows or piles (for subsequent burning) and
- taking éWay timber. TFully mechanized clearance using special heavy-
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duty equipment is preferable if large areas are to be opened up.
The disadvantage of fully mechanized clearance is the disturbance
of the so0il which it causes, 1i.e, possible structural changes and
compaction, shifting of the topsoil with corresponding exposure of
the infertile subsoil etc, This may cause considerable problems for
subsequent tillage using oxen; however, if the work is performed
carefully and at the right time it should be possible to avoid such
damage to a large extent.

4, 50il tillage

The purpose of every type of tillage is to create and maintain opti-
mum growth conditions for the crops. Three main tasks must be accom-

plished:

- Lecosening the soil
- Working in organic substances

— Suppressing weeds

In comparison to manual labour, the use of animal-drawn implements
not only permits more intense tillage but also improves the area
capacity. Factors which may hinder or prevent the use of these imple-

ments include

- excessively shallow soils,

- excessively Stoney soils,

- poorly cleared land,

~ heavily weed-infested soils and

- very heavy socils

on which the animals' tractive effort is insufficient (this can be
countered tce a limited extent by making shallower furrows or in-
creasing the number of animals). The desired result of the tillage
canonly be achieved if the implements used and the time at which
the work is performed are geared to the soil and weather conditions
as well as to the needs of the crop to be grown., Every form of till-
age, from preparation of the field onwards, will have an effect on
all the subsequent steps (including the possibilities for using
various implements) right up until the harvest., The number of oper-
ations must be kept as small as possible in order to avoid damaging
the soil. The varying ecological conditions in the different climatic
zones are of course also of importance as far as tillage is concerned.
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4.1 Forms of tillage

Primary tillage is wusually performed with the plough in order to
locosen and simultaneously aerate the scil. This guarantees that pre-
cipitation can be better absorbed and improves the conditions for
development of the plants' roots,

In North Africa and Ethiopia the primitive hook plough is still wide-
spread, a '"universal implement" for primary tillage, secedbed pre-
paration and making furrows and channels for sowing, drainage and
irrigation (see alsgo Fig. A/3). The hook plough breaks up the soitl
in coarse clods and plant residues are not worked in completely,

an advantage in areas where there is a risk of ercosion. Preparation

of a seedbed necessitates working a field - usually crosswise -~ 4
or 5 times, sometimes more, Organic fertilizer is applied - if at
all - after initial ploughing so that it becomes mixed with the so0il

during subsequent working. The seed is broadcast and then worked
in during the last ploughing operation; the depth of the grains in
the soil varies greatly and sprouting is therefore also very uneven.

Another disadvantage is that in damp soil the growth of root-pro-

pagated weeds is promoted.

The mouldboard plough (illustrations in Section B/II; for method

of operation see Fig. B/II1I/5) loosens the soil to a greater extent
and simultaneously turns it, sco that more of the s0il is exposed
to the elements. Through the choice of various types of share and
mouldboard the work can be geared to the various types of scil so
that the ground is turned bver more or less completely. The mould-
board plough is a typical tiliage implement in areas with a cool
and humid climate, making it less suitable for the arid trbpics and

only partially suitable for more humid regions.

A field tilled using the mouldboard plough has no protection against
erosion by wind and water. The considerable aeration and warming
of the so0il accelerates the decomposition of organic substances and
a large amount of water is lost threough evaporation. In damp, heavy
soils there is the risk of plough pan formation and large, heavy
clods may develop which require intensive subsequent working.
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In the humid tropics the use of the mouldboard plough can be juz-
tified by the necessity of weed control and the opportunity for
deeper tillage. Used in conjunction with other measures it can help
te increase yields, provided that the additional organic substance

produced remains in the ground and counteracts humus decomposition.

The land is tilled either by ploughing to create beds or by tilling
the entire field on one level. The beds may be 20 - 30 m wide, or
substantially narrower on the heavy soils if the furrows must occa-
sionally absorb surplus water. The disadvantage of narrow beds 1is
that the finished furrcws are fairly infertile. If the beds are too
wide time is wasted pulling the plough from one furrow to the next
on the headland, which runs at right-angles to the beds. A field
must therefore be divided up so that the furrows are as long as poss-
ible, there are as few finished furrows as pocssible and not too much
time is wasted turning on the headland. The headland at each end
of the field is ploughed last,

In bed ploughing (Fig. B/III/2) the start of ploughing is followed
by gathering of furrows A and B and casting of C. During the subse-
quent crop season furrow € is gathered and A and B cast.

The furrow is opened and finished as shown in Fig. B/III/3.

Level tillage - round-and-round or figure ploughing - is suitable
only for larger areas (Fig. B/III/4). This involves ploughing paral-
lel to the field boundaries, working from the outside to the inside
or vice versa, the starting peints alternating from year to year.

Level ploughing is achieved by using the one-way plough which, how-
ever, is heavier than a normal plough (see Section B/II).

The possible depth of tillage is highly dependent on the weather-
related condition of the soil and on the animals' tractive effort.
It is also determined to a certain extent by the depth of the topsoil,
It is usually inadvisable to suddenly increase the depth of the top-
s0il layer substantially -~ supposing that the soil permits this -
since this procedure requires quite a lot of work and causes too
much dead soil, i.e. soil which is lifeless and contains littie humus,
to be mixed with the topsoll all at once, thereby reducing the qual-
ity of the latter.

A furrow with a depth of 15 cm - measured in the furrow on the still
s0lid ground - 1is regarded as a shallow ploughing and sowing furrow,
while around 20 cm is considered to be standard and up to 25 cm de-
signated as deep. Deep ploughing down to 25 cm or more is usually
impossible with draught animals.

If it appears necessary to increase the topsoil layer it must be
deone gradually according to the loam or clay content of the soil.
A deep topsoil layer is generally favourable, since the ground can
then absorb more moisture, the crops suffer less as a result of dry-
ness or dampness and their roots can develop more strongly and down
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to a greatér depth. In order to maintain a healthy topscil layer
it is advisable to plough at variocusdepths for different crops.

The width of the furrow ig limited by the width of the ploughshare.
It must not exceed the width of the share because ctherwise part
of the soil will nct be loosened. On heavy, cohesive so0ils a narrower
setting can be used for the single-share plough to ensure better
crumbling of the soil.
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The ridger is often used for primary tillage in Africa because it
meets the needs of traditional cultivation on ridges. There are two
common systems: existing ridges are divided using the ridger and
built up again over the old furrow, thereby covering the weeds with
earth and destroying them. The same is done when the ridges are re-
- worked after heavy rainfall or if the crops have to be earthed. A
cultivator tooth or spring tines can be fitted between fthe mould-
boards in order to simultanecusly aerate the soil tc a considerable
depth between the rows. For plant husbandry a multi-purpose implement
fitted with appropriate ridger bodies is substantially more efficient.
In view of the fact that ridgers are rarely adjustable they have
the disadvantage that they fix a specific distance between the rows

(often around 90 cm), which is too great for some crops.

In some parts of West Africa ridges which have already been created
are not divided but simply reworked before planting, probably because
this requires less tractive effort and is easier to do. Reworking
is also repeated several times during the growth period.

Cultivators are often used on their own to prepare the fields, parti-
cularly in West Africa; thelr area capacity is greater than that
of the plough but the depth of tillage is smaller. As with the hook
plough the soil is loosened without being turned over and plant
residues remain on or near the surface, thereby providing the necess-
ary protection against erosion. The aeration of the scil and thus
the humus decomposition may, however, be greater. The cultivator
is highly suitable for tearing up a rough furrow, destroying weeds,
aerating soil which has become muddy after heavy rainfall and working-
in stubble.

The disc harrow can also be used for similar purposes, for basic

tillage and for reworking up to the seedbed preparation stage. It
ig particularly suitable for shallow working-in of long, elastic
plant remnants as well as stubble and fertilizer, mixing them thor-
oughly with the so0il and simultaneously levelling the surface. On
account of the slow working speed and the relatively low weight of
the implement the field must usually be covered several times when
an animal-drawn disc harrow is used. In addition to this disadvantage
the spread of root-propagated weeds is also encouraged and the sur-
face of the so0il may become too fine if tillage is too intensive,
which can lead to mud formation and erosion. A fairly large tractive
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effort is required so that only relatively narrow implements can

be drawn by a team of animals (Fig. B/II/37).

More suitable for use with draught animals is the harrow when it
is used for levelling the ploughed field, weed control, seedbed pre-
paration and working-in of mineral fertilizers and seed. As is the
case for all field work, the so0il must not be too moist, while if
it is too dry the harrow will jump and will not be particularly

effective.

It is advisable to harrow at an angle to the ploughed furrows (Fig,
B/I11/6), although in narrow fields it is also possible to work
parallel to the furrows. When preparing a seedbed it is often necess-
ary to harrow a second time. the path traced this time intersecting
perpendicularly or at an angle with the first one. The harrow is
still not very commmon in Africa, although use of it facilitates
the mechanization of the subsequent operations. Levelling of the
surface beforehand is essential above all if seed drills are to be
used. Excessively frequent and intensive harrowing, however, should
be avoided, since the scil structure is thereby destroyed and the
excessively fine soll expeosed to the risk of erosion.

N W

Al

Fig. B/I11/6: Crossover harrowing (starting at Al, the broken lines
represent the return path}. (Source: DIECKMANN)

. The sc¢il can also be levelled and crumbled using a simple scrubber,
which simultaneously destroys weeds which have already sprouted.
The condition of the soil is even more important here than in the
case of the harrow; soil which is too damp will become very sticky.
On the other hand, the topsoil may be pulverized so that it becomes
too fine, thereby also increasing the risk of erosicn,

For plant husbandry after sowing - harrowing in the case of cereals,
hoeing or ridging for other crops - the tillage depth should be as
small as possible in order not to interfere with the development

of the roots or encourage erosion.
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. 1
4,2 So0il tillage in the semi-humid tropics )

In this climatic zone precipitation occurs in the form of one shert
and one long rainy season during the warmer part of the year. The
large guantities of rain and the high temperatures cause tilled soils
‘to degenerate quickly. The aeration accelerates the decomposition
of the humus and the scil can easily acidify, whereby the pH values
drop to 4-5,

Heavy, shallow sc¢ils are widespread; if well aerated they dry out
to a very great extent and are then subject to erosion, Permanent
use of these soils is difficult and can only be successful if the
pH value 1is increased and humus added. The soil should if possible

always e covered witihh plants or hairvest residues.

It is maintained that tillage should be reduced to a minimum in these
areas in order to counteract the degeneration of the soil. However,
it is almost impossible to dispense with tillage which turns over
the soil in wview of the fact that with the high temperatures heavy
and rapid growth of weeds starts with the first rainfall. It is pre-
ferable, but usually impossible in view of the fact that the scoils
dry out and harden to a great extent, to perform tillage during the
dry season, when there are fewer weeds and it is thus easy to sup-
press them. This simultanecusly permits early sowing, so that the
yield potential of the crops can be fully exploited and the field

is rapidly covered over,

_-The time available for preoper tillage is wvery short, particularly
on the heavier scils which have a strong tendency te dry out and
easily become sticky when damp., A considerable impact force s re-
gquired, which is undoubtedly one reason why 2-3 teams of oxen are
often used to pull a plough in Tanzania and Madagascar.

During the vegetation period it may sometimes be difficult tc perform
crop-tending work at the right time on account of the large amounts
of rain, particularly if the breaks in the rain are not long enough

and the fields cannot dry ocut so that teams of animals can walk on
them and the implements used can operate properly.

1) Tillage in the humid tropics will not be discussed in view of the fact that
this is of 1ittle relevance as far as the keeping of draught animals is con-
cermed.
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4.3 Soil tillage in the semi-arid and arid tropics

The water balance in these climatic 2zones is generally negative,
Depending on the geographical latitude, the precipitation will fall
during one or two rainy seasons, resulting in humid conditions for
brief periods., The precipitation often takes the form of severe
thunderstorms with large quantities of rain falling within a short
Lime. The impact of this heavy rain destroys the crumb structure,
particularly in the case of uncovered scil, and the surface becomes
muddy and compacted. The soil i1s then no longer able to absorb the
large amounts of rain and the water flows off on the surface, fre-

quently resulting in erosion damage,

The main function of tillage in this case 1s to loosen the soil to
as great a depth as possible in order to ensure that it can absorb
and steore the meisture required by the crops during the breaks in
the rainfall. Plant residues should cnly be mulched-in to a small
depth below the surface since they give the soil mechanical stability,

reduce the impact of the rain and slow down surface runoff.

Methods of tillage which turn the seil should be used with caution
and only very occasionally, since plant residues can easily be worked-
in too far and this will destroy their protective effect. Turning
the soil also aerates it to a considerable extent, a process which
accelerates the decomposition of organic substances and can lead

to water losses.

It is therefore better simply to loosen the soil so thdt it forms
large clods. This alse minimizes the area open to erosion by the
wind, a major factor in dry areas, for if the soll is loosened too
much the valuable fine earth particles c¢an be easily blown away and
the water retention capacity and fertility of the soil permanently
damaged,

In order to permit sowing as early as possible the land should be
ploughed befcore the start of the rainy season - if this is feasible -

even if difficult so0il conditions mean that the desired depth of
tillage is impossible. It has been proved that yields decrease pro-
gressively the longer the pericd allowed to elapse between the onset
of the rain and sowing. If sowing takes place early the ground is
soon covered with vegetation to the extent that the effect of the
rain is mitigated and the growth of weeds partially suppressed.
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Some soils, however, become so hard during the dry season that it
is difficult or totally impossible to till them using an ox-drawn
plough. In some cases - probably more often than is absolutely ne-
cessary - tillage is therefore not started until after the onset
of the_rain, to be precise, when the s0il has been moistened down

L to a depth of around 15 cm. This results in the loss of time and

moisture which are wvaluable for the development of the crops, parti-
cularly in areas with a short rainy season and 2 fairly small amount

~ of precipitation.

In a few parts of Africa at least some of the fields are ploughed
at the end of the rainy season directly after the harvest when the
moisture content of the s0il is still adequate. One advantage of
this 18 that the ground can thus properly abscorb the first rainfall
during the subsequent cultivation period, facilitating early sowing.
Weeds are fairly well suppressed but weed control among the crops
must be started earlier than is the case if ploughing takes place
directly before or at the beginning of the rainy season.

Problems may arise if the ploughed land becomes muddy as a result
of late, heavy showers or if it is exposed unprotected to the sun
and wind throughout a long dry season,

The time available for permitting proper tillage of the scil is usu-
ally very short and the farmers are faced with organizational prob-
lems. At the end of the rainy season plcoughing after the harvest
of early-ripening crops or fallowing may be in competition with the
harvest work, while at the beginning of the subsequent rainy season
the same jobs compete with sowing in the previously prepared fields.
One answer to this problem can be found by varying the intensity
of the tillage for the various crops, i.e. using only a cultivator
to till some of the land.

After sowing repeated shallow tillage is necessary until the stands
close up in order to loosen the s¢il, which has been compacted by
the heavy rainfall, and make it able to absorb subsequent precipita-
tion. Evaporation losses are simultaneocusly reduced and the young
crops can therefore easily survive breaks in the rain. This tillage
also helps to control the weeds, the growth of which is promoted
by the high temperatures and abundant moisture. If animal-drawn im-
plements are used for this crop-tending work the plants must be grown
in rows.

4.4 Soil tillage in the sub-tropics

In these areas, some of which are already classified as arid, the
‘rainfall occurs only during the cool part of the year and is less
intensive and less abundant than in the tropics. The lower tempera-
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tures mean that there is less evaporation but water is nevertheless
often one factor restricting successful crop growing.

Here too, tillage should aim to loosen the so0il to a considerable
extent so that it can absorb the precipitation and in order to do
this a coarse-crumbed surface must be created, preferably before
or at the start of the winter rains. The soil should not be turned
over toc much, since this will lead to water losses. Tillage can
be relatively shallow, because the less heavy rainfall means that
the. soil is not usually moistened down to a very great depth. Heavy
scils which dry out to a great extent or become sticky when damp
are difficult to till because the most suitable period for performing
this work is often limited.

Tillage at the end of the rainy season encourages erosion by the
wind during the dry season and the s0il should therefore remain
covered with harvest residues.

The dry farming practised in parts of these regions involves repeated
coarse tillage of the soil during a periodic fallow season; this
not only improves water storage and reduces evaporation but also

combats water-consuming weeds,

4.5 Seoil tillage in irrigated farming

In irrigated farming all soil tillage measures must be considered
in conjuncticn with the cptimization of ratiocnal water use, 1.e.
the crops must be supplied with water at the correct time and in

adequate quantities.

Primary tillage aims to create a deep, loose topsoil layer in order
to guarantee a high water absorption capacity. This can be backed
up by working humus or green manure into the soil. Fol.owing deep
tillage the water can quickly penetrate the soil, the surface of
which then rapidly dries out, so that subsequent work can be per-
formed sooner. In the course of this work the nutrients and clay
minerals washed intc the =o0ill a3 a result of irrigation are brought
to the surface again; a mouldboard plough is highly suitable for
doing this, However, the formation of compacted layers must be
avoided, since otherwise the internal drainage of the scil is not
maintained and the development of the crops can be hindered as a
result of waterlogging or salination.

In order to ensure even water distribution with surface irrigation
attention must bhe paid to guaranteeing level tillage as early as
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the ploughing stage and creating a slight slope whoen the plots are
levelled, Only in this way can rational use be made of the water,
i.e. there is no excess in small depressions or a shortage on eleva-
tions.

Primary tillage should not be performed untii just before cultivation
since in a warm climate and a verympist soil mineralization and humus
decomposition are very rapid processes and leaching losses are also
likely. It is important that the soil should be tilled while it has
the right degree of moisture, since it is almost impossible to

correct mistakes.

After every application of water a loose layer of soil must be cre-
ated as soon as possible by means of shallow tillage in order Lo
reduce evaporation. This eliminates crusts which form as a result
of the ground becoming muddy or threough the introduction of suspended
matter. In scils with a high clay content this surface tillage must
under no circumstances be carried out teco early in order to prevent
the soil from becoming sticky, something which would result in damage
to its structure,

The choice of implements for loesening the soil is governed by the
type of soll, the crop, the cultivation methods, the age of the crops
and the tractive effort of the animals (see also Section B/IL). In
the case of plants with many leaves tillage can be dispensed with
altogether so that the plants form a solid block and the leaves can
provide protection against evaporation.

Special tillage measures in irrigated farming for which animal-drawn
implements can be used to good effect are the following:

~ Creation of ridges parallel to the direction of water movement

(to form the side 1limitzs of strips and basins or to distribute
the water as evenly as possible),

- Ridging of furrows parallel to the direction of water movement
in furrow irrigation.

The tillage of flooded swamp rice fields occupies something of a
special position, Primary tiliage must aerate the soil for a brief
period but also maintain its structure as far as possible. The socil
can either be turned or simply loosened using the cultivateor or disc
harrow.

An important feature is careful levelling of the fields during seed-
bed preparation. The target should be a fine-grained surface with
a slight slope in order to guarantee even distribution and economical

consumption of water. In permeable soils the subsoil should prefer-

ably be compacted to some extent at a depth of around 15 cm., If this
does not occur in the course of normal tillage special implements
must be employed separately for this purpose (see Section B/II).
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_B/T11/7: Levelling irrigated fields in Egypt using simple
implements and draught cows. (Photo: GTZ Archives)

Fig., B/1I[/8: The use of draught animals in irrigated farming in
Madagascar has a long tradition and the techniques

" used for harnessing the animals have already been
developed to a fairly advanced stage. (Photo: Esche)
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5. S0il erosion and so0il conservation

5.1 Soil ergsion by wind and water

Seil erosion is the sghifting of parts of the topscil layer or of
the goil as a whole by wind or water. These processes take place
continuously even under natural conditions but may be accelerated
by inappropriate cultivation and in particular by incorrect use of
tillage implements,

In both the humid and arid tropics there is a serious risk of erosion,
usually as a result of the high intensity and unfavourable distribu-

tion of the precipitation.

In sandy soils heavy thunder showers can cause more than 200 Lonnes
of soil per hectare to be thrown up and moved downhill. Ln heavy
soils with a high clay or =silt content the raindrops hit the ground
with a heavy impact and destroy the soil aggregates, which dissclve
and are washed away by the water.

The potential extent of the erosion is determined by the inclination
‘and length of the area concerned. An incline of only 1-2% can result
in the removal of fine soil particles with a high nutrient content.
On straight slopes the entire surface is often affected to an equal
degree by sheet ercsion, while on an irregular surface gullies will
form.

Ercsion losses always affect the topsoil layer with its high nutrient
content and result in decreased soil fertility. Once erosion has
reached an advanced stage it 1is usually difficult to recultivate
the more or less exposed subsoil. Further use of the land may be
impossible if the layers exposed are already hardened or if they

become hard when they come into contact with the air.

Apart from direct soil losses, damage is alsc caused by deposition
at the foot of the slope, where existing crops or arable land may
be covered so heavily that further use of the affected land is out
of the question, particularly if the material deposited is extremely

coarse.

Wind erosion damage occurs in arid and semi-arid regions with high
wind speeds. The minimum speed required to cause soil drifting is
given as 15-16 km/h, measured at a height of 30 cm,

Depending on the particle size, the displacement may take the form
of suspension, surface creep c¢r saltation. The wind can displace
the entire mass of scil or erode it on a selective basis, whereby
the particles determining the soil's fertility are affected first.
The main cause of this process is the removal of the protective veg-
etation cover. In addition to direct soil losses, damage can also



be caused to crops by dust and sand storms as well as by drifting

and dune formation on cultivated land.

5.2 50il consgservation

Good farming land is so valuable, even in the tropics and sub-tropics,
that it should not be allowed to fall victim to erosion by wind ar
water. Erosion often occurs in densely populated areas, where it
is accelerated by unsuitable permanent land use and continuous culti-
vation of oﬁe staple crop. The way in which the land is used must
ve geared to the natural conditions so as to preclude the risk of

erosion alteogether.

Very cteep €lopes (gradients of over 30°) are unsuitable for agri=-
culture and must be left as woodland; they can be u.2d at best as
permanent pasture,

Less steep slopes (20-30°) can - depending on the amount of pre-
cipitation - be planted with permanent crops (e.g. cocoa) which form
a dense 'roof" of foliage and thus protect the ground against the
direct effect of the rain.

Less severe slopes {(10-20°) permit the growth of mere open tree crops
{such as coffee or citrus fruits) in combinaticon with ground-covering
low-level crops. '

Gentle slopes (5-10°) can be ploughed, provided that the soil condi-
tions are suitable, but this must be done along the contour lines.

In order to combat erosion or counteract the risk of its occurence
it 1s essential to collect data on the factors inveolved and represent
them in map form. These factors include soil structure and erodibil-
ity, slope inclination, type of slope, precipitation, distribution
of heavy rainfall, vegetation, type of land use, crop rotation and
extent of existing erosion. Data collection and soil conservation
measures must cover the entire water catchment area if they are to
be truly successful, A wide variety of measures can be implemented,
either separately or in combination with one ancther, in order to

restrict the movement of wind or water and thus prevent unintentional
displacement of the soil.

5.2.1 S0il conservation measures in arable farming

Soils which have been recently tilled and exposed unprotected to
the rain and wind are particularly subject to erosion. The best way
of preventing erosion is therefore to keep the ground permanently
covered with vegetation as is achieved almost totally with tended
pastureland or woodland. Arable land should also if possible be kept
permanently covered with plants or plant remnants, i.e. erosion pre-
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tion must be considered during all phases of cultivation., Some
the erosion prevention measures listed below can be considerably
plified or facilitated through the use of draught animals:

Ploughing along the contour lines or at least perpendicular to
the siope

If tilled at all, the so0il should always be turned over against
the line of the slope. This method of tillage alone can reduce
water runoff by around 70% and soil erosien by some 50%.

Creation of a rough ground surface

Surface runoff is slowed down and the water can seep into the
ground. Freshly ploughed or locsened ground temporarily contains
a large number of cavities; however, with the sudden onset of
heavy rain a finer surface quickly becomes muddy and the loose
soil is removed by the water as it flows away. The risk is not
so great once the sc¢il has settled again. The soil improvement
achieved through tillage usually helps to inhibit erosion on its
own, since sS0il which has been loosened down to a greater depth
absorbs and retains more water and permits more vigorous root
growth. A rough surface also decreases the wind speed, is there-
fore less subject to erosion and catches fine soil particles
carried off by the wind.

Addition of farmyard dung or green manure

Generally improves the soil structure,

Creation ¢f a mulch layer

Only some of the harvest residues are worked in teo a small depth
or organic material is spread on the surface., The ground does
not have to be completely covered. The impact of the raindrops
is mitigated, the ground prevented from becoming muddy and surface
runcff slowed down, while at the same time a certain degree of
protection against evaporation is provided. The decompositicn
of the material improves the so0il's humus c¢ontent and thus the
water retention capacity and soil structure. Application of a
mulch layer, however, requires a considerable amount of work.

Cultivation on ridges along the contour lines

Creation of compartment furrows

Suitable implements drawn by draught animals have already proved
successful, The furrows are divided up by cross-walls at intervals
of approx. 1.5 m and these prevent water runoff., Considerable
increases in yield are achieved by storing the water in the com-
partment furrows, mainly in areas where there is only one rainy
season; however, the erosion-inhibiting effect of the furrows
has also brought success in damper regions. An advantage is that
these furrows do not have to follow the contour lines exactly.




g)

h)

i)

dowing and planting along the contour lines

The crops should be as close together as possible and at the same

time regularly spaced so that no large gaps which could be eroded
by wind and water are produced.

Selection of crops to be cultivated

The crops themselves constitute an effective means of protection,
depending on their ability to cover the ground and develop strong
roots , provided that there is sufficient moisture and the ground
can remain under a permanent vegetation cover,which is somewhat
problematic in the case of annual crops. The opportunities for
mixed cultivation, which is widespread in traditiconal African
farming systems, should not be disregarded, since various plants,
grown simultaneously or in succession, complement one another
in their protective effect.

Creation of strips

These can take the form of '"contcur strips", following the contour
lines, or "field strips" which simply follow the general line
of the gradient if there are only small changes in the terrain.
Their width is determined by the gradient, the scil, the frequency
of heavy rain and the protective effect of the crops grown. The
greater the incline, the narrower the strips must be; the normal
width is between 20 and 50 m. Given good local conditions, a low
degree of erodibility, favourable distribution of the precipita-
tion and infrequent heavy rain, however, they can be extended
£to 80-100 m.

If ercsion by the wind is likely the strips must be perpendicular
to the main wind direction, irrespective of the incline, so as
to reduce the wind speed. The width of the strips is then governed
by the type of soil. On sandy scils it is advisable to keep to
narrow strips between 6 and 8 m wide.The heavier the soil, the wider
the strips can be; on silty/clayey loam they can be up to 130
m wide.

Creation of permanent grass strips

Natural or planted grass strips between the crops are necessary
on so0ils which are at great risk from erosion. The strips are
seldom wider than 1-3 m, but if necessary can also consist simply
of one row of plants. Water flowing off on the surface penetrates
the strips and, 1if these are closely planted and well tended,
most of the eroded soil is retained. Gradual formation of terraces
may result, Suitable plants for providing this type of protection
are elephant grass (Pennesetum purpureum), Vetveria =zizanoides,
Cymopogon sp. and Panicum maximum, as well as other plants such
as agaves, Sanseveria, bamboo, Tephrosia, Crotalaria and many
others. If the incline is relatively steep and irregular the width
of such protective strips inevitably varies, since tillage using
animal~drawn implements is facilitated if the cultivated strips
of field following the contour lines are of an even width, The
protective strips can at the same time also help to provide food
for the draught animals, which is of major importance in areas
where there is a shortage of land.
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"k) Creation of windbreak hedges

Plants which provide protection against the wind are necessary
mainly in dry areas, but it is difficult to maintain them without
additional irrigation. Such means of protection not only inhibit
the drifting of soil particles but also have a favourable effect

- ..on .the climate in the vicinity of the ground as well as on the

- water and thermal balances. Qn the windward side the hedge can
protect an area extending for a distance corresponding to roughly
two to five times the height of the hedge, while on the leeward
side the protection will cover an area extending over roughly
ten to twenty times the height. Hedpges comprising several rows
or a combination of bushed and fast-growing fairly tall trees
provide the best protection but must allow the wind to pass
through them, since otherwise damage will be caused to the crops
by strong eddies, The amount of shadow falling on the crops can
be reduced to the unavoidable minimum through appropriate selec-
tion of plants to form the hedges. A certain amount of competition
between the roots is inevitable.

A wide variety of materials can be used for constructing walls
to prevent erosion., These walls often simultanecusly form the
field boundaries.

Terraces like those which can be seen in the background are
usually the result of centuries of efforts to preserve the soil
and require continuous care and attention.

(Photo: GTZ Archives)

Fig. B/II1/9:
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5.2.2 S0il conservation measures by terracing

The oldest method used to prevent erosion is undoubtedly the creation
of terraces perpendicular to the slope along the contour lines. This
divides long slopes into numerous smaller ones with the result that
water running off on the surface cannot attain the high speed it
requires to erode the soil. The width of the terraces depends on
the gradient and the type of soil, It is possible to use steep slopes
{up to approx. 40%) but it is difficult to till narrow terraces when
using draught animals, The terraces must have a certain minimum
width, which is determined by the size of the animals and implements
used.

The creation of terraces always means that a certain amount of land
is lost, since terraced slopes can be used to only a limited extent
or not at all., If no masonry is constructed the terraces are stabil-

ized by planting them with grasses which in turn can be used as fod-
der.

The construction of terraces usuzlly entails the creation of a system
of ditches so that surplus water can be drained off without risk.
Some of these ditches are often planted with grasses which can be
put to good use.

The road construction necessary in conjunction with the use of
draught animals may have an effect on erosion. Badly constructed
roads often cause the water tc be channelled into one stream, the
increased force of which then results in incipient cracks or removal

of lime,

6. Cultivation techniques

6.1 Cultivation on a level surface or on ridges

Most annual (i.e. seasonal) tropical crops are grown in soil which
has been loosened down to a small depth, this being favourable for
tillage, sowing, tending and harvesting using animal-drawn implements.
Even levelling guarantees that the successive jobs can be performed
without difficulty.

Root crops are generally grown on hi:ls or ridges; under certain
conditions this method can also be applied to other crops.

It is possible to c¢reate ridges using animal-drawn implements -
the ridgers or multi-purpose implements - and this method has proved

2bl




_iéhiy:sﬁdceésfhl.;Problems arise when it comes to mechanizing sowing
“on the ridges and the use of harvesting machinery may also be diffi-
- cult,

aUner}cgp;ain_qondipions,the.use_of ridges has a number of advantages:

The ‘roots of -the -plants can spread out more easily in the loosened
and:fairly ‘large root area.

As: has ‘been established in the dry regions of Botswana, the roots
of - cereal crops'scarcely:. extend below. the tillage depth into the
subsoil, even if the depth is a small one of only 10 cm.

_ Harvesting is made easier if animal-drawn lifting implements (e.g.

. for groundnuts) are used.

.In soils which drain badly, where excess water may accumulate at
times, the risk of damage to the plants as a result of waterlogging
is reduced.

-In some parts of West Africa where there is a short but intensive
. rainy season all the crops - mainly cereals, since the vegetation
weoperiod is. too short for tubers - are grown on ridges to protect
~rthem against an excess of water.

“Better use of precipitation

If ridges are created along the contour lines the rain-water is
retained and can seep into the soil, which means that it is avail-
- able tq the crops for longer.

- Effective weed control

In some parts of Tanzania and Malawi the ridges are divided before

the cultivation season and built up again over the furrow, whereby

harvest residues, grass and weeds are worked into the soil. This

intensive sgoil-turning tillage, which can be performed with the

ridger, results in effective weed control and achieves a certain
. greenl-manuring effect.

Thé 7sﬁCces$';of_:fidge~based cultivation is dependent upon a number
zﬁf”féétbfs:=soil;'topography, quantity and distribution of precipita-
33ti0n;_ crops grown and planting or sowing time. If, for exampie,
'ébwingfis followed by a lengthy dry period there is a risk that the
'eril will dry out on account of the sizeable surface on the ridges
3fand this impairs the germination and sprouting of the crops. On flat
f“lénd; on the other hand, this is not so marked. If the soil becomes
extremely moist after sowing germination may be better than in a
flat field as a result of the drainage effect of the ridges.

_.iG

.2 M;xed_crogpin& and single cropping

Ih traditional Afbican cultivation systems mixed cropping is prac-
:tibgd”féf“élmbSEIéllffiﬁld”EprE{”SCMétimes'one field will contain




more than five different and irregularly distributed crops. Under

the given c¢limatic and economic conditions the system has a number

of advantages:

.- Sowing spread over a lengthy pericd, resulting in reduction of
peak labour times:

The various crops are seldom all sown simultanecusly, but rather
at wvarying intervals depending on the plants' requirements. In
areas with a short but abundant rainy season the next crops are
often sown or planted among the old ones weeks before the harvest
(relay cropping) in order to utilize the remaining moisture in
the soll, '

- Improved utilization of moisture and nutrients:

Plants with different requirements in terms of moisture and nutri-
ents grow side by side and their varying absorption capaclties
result in better utilization of nutrients. (Soya, for example,
has roots which reach down further than those of maize and can
therefore take up nutrients which would be lost through leaching
if maize were grown on its own),

- Erosion prevention and maintaining of soil fertility:

The more or less even distribution of different crops corresponds
roughly to natural vegetation cover and thus provides effective
protection against erosion. '

The prevention of ergosion and the mixed cultivation of legumes
with other crops makegs it possible to use a field for many years
without any form of crop reotation.

The disadvantages of mixed cropping are:

- Relatively low yields
- Weed control difficult if animal-drawn implements are used
- Harvest losses

On account of the differing ripening times of the crops harvesting
can be performed only gradually and extends over several weeks.
Although <+here are consequently no extreme peak Ilabour periods
during the harvest repeated harvesting of the fields by hand often
results in heavy losses.
In traditional agriculture, however, mixed cropping is an important
means of reducing risks, cince even in the event of unfavourable
weather conditions, particularly irregular rainfall distribution,

it is seldom the case that all the crops fail totally.

Single crops are easier to cultivate using draught animals than mixed

crops, provided that they are grown in rows and the correct distance
between the rows 1is observed, The disadvantages of this system -
greater risk of erosion and poorer utilization of nutrients - can
be offset to some extent by establishing a specific form of rotation
for the various crops.
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In order to continue to utilize the advantages of mixed cropping
numerous attempts are being made in Africa to adapt the system for
mechanization. "Organized mixed cropping" entails growing the crops

in rows with a suitable number of plants per field. There are several

possible methods:

- Various crops in the same row
- Alternating rows of different crops
- Alternating strips each comprising a few rows of different crops

Mechanized sowing is only partially possible in thiscase since sowing
must take place at several different times. Tending the crops is
also difficult on account of the varying development of the plants
and the changed row spacing if the strip system is used. In order
to mechanize hoeing at least in part the individual rows must be
geared to the available implements when sowing is performed.

Mechanical harvesting of such crops is ailmost impossible.

6.3 Suitability of crops

If draught animals are used they should preferably be employed for
all field work. Attention must therefore be paid to ensuring that
the crops are suitable for this mechanization level, above all in

order to guarantee that work can proceed smoothly.

All cereals and pulse crops can easily be broadcast or sown in rows

using machines. Local wvarieties often grow very quickly if the
weather conditions are good and become very tali. This may mean that
only limited use can be made of animal-drawn hoes for weed control
and subsequent weed infestation may occur which can only be elimin-
ated using hand hoes. The long halms of these varieties hamper mech-

anical harvesting and suitable varieties must therefore be selected.

Creeping plants in an advanced stage of growth cause problems during
crop-tending work, since it is almost impossible to prevent the

draught animals and implements from damaging the crops. Mechanical
harvesting of such varieties is usually out of the guestion.(Creeping
beans and the creeping groundnuts sometimes found in Africa, fcr
example, would have to be replaced by upright, bushy varieties).

Among tuber crops cassava (Manihot esculenta), taro (Colocasia escu-
lenta), cocoyam (Xanthosoma ssp.), sweet potatoes (Ipomoea batatas)
and Irish potatoes (Solanum tuberosum) have been successfully culti-
vated using draught oxen. In the case of yams (Dioscorea ssp.), how-
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ever, it is almost impossible to use animal-drawn implements to tend
the crops, since the plants have a strong tendency to climb and are

usually secured to supports,

6.4 Weed control

Poor weed control is often the main cause of low yields. In the
tropics, weeds develop exceptionally vigorously and compete with the
crops for nutrients, water and 1light. In rain-fed farming their

growth is usually promoted by:

- Insufficient sc¢il preparation:

Many soils cannot be ploughed during the dry season and are then
rapidly tilled at the start of the rainy season without the necess-~
ary care. The desire to make full uge of the available moisture
means that there is no time to work the fields again, particularly
to combat the weeds before sowing. Ploughing after the harvest
is frequently impossible due toc a lack of time.

- Insufficient crop density:

When sowing by hand African farmers tend to space out their crops
too much. If it is not the use of low-grade seed which leads to
poor field cover, other possible reasons may be shortage of seed
and the experience that infection is reduced with lower plant
densities. The individual plants - particularly in the case of
cntton, maize, groundnuts and various types of vegetables - exhibit
vigorous growth and give the impression that the stands are densely
packed. However, the gaps between the plants offer excellent condi-
tions for the growth of weeds.
- Weed control carried cut too late:

In view of the fact that tillage is often performed toc late and
sowing extends over a lengthy period 1t 1is impossible to start
weed control early on; initial weeding may then be combined with
singling.
Some crops such as malize, cotton and groundnuts are highly suscept-
ible to weed infestation and it is generally important that young
crops should be kept free of weeds, since later weeding cannot com-
pensate for the inhibition of growth while the plants are young.
Yields in the tropics can be increased by 100% if weed control is
carried out in good time. Opinions on the detrimental effect of late
weed infestation vary, but its effect is at any rate not so severe.

Using draught animals it should be possible to carry out all the
field wopk on time, particularly the essential repeated weed control,
and this fact alone makes it possible to achieve substantial in-

creases in yield. A prerequisite for successful mechanical weed con-
trol is careful preparation of the soil before sowing, otherwise
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“the weeds have a substantial head start over the crops and may over-
run them.

Soon after the crops have sprouted harrows can be used to tear up
the weeds or at least disrupt their growth process.

:ﬂAmong cereal crops where the seed has been broadcast this is the
“ronly possible means of mechanized weed control, since the harrow

is not restricted to a specific operating dlrectlon. However, it
can only be used while the plants are not too tall.

”Repeated hdeing is usually necessary, at least until the stands close
'it) and the weeds are choked. Mechanical hoes should till the soil
between the rows to a depth of only 2-3cm. This ensures that the
roots of the weeds are caught, for simply cutting off the weeds on
the surface, which is what happens if the soil to too dry, has no
lasting effect and is more likely to help the weeds to propagate
because with many types of weeds the roots and pieces which have
.been cut off will sprout again once it has rained. Loosening the
-topmost layer of the soil helps the rainwater to penetrate and pro-
motes the growth of the crop roots.

The crops must be sown in rows with a fixed interval between the
rows if subsequent weed control using various mechanical hoes 1is

to be possible.

From the point of view of the work involved it would undoubtedly
be a good idea to have the same distance between the rows for all
crops.The distance would then be determined by the plant requiring
the greatest amount of space and it would then be impossible to
.-.achieve the optimum density in the case of other crops. This situa-
“otion can be remedied to a certain extent by creating double rows.

fleXcesSiVely deep or frequent hoeing causes a drop in yield. The aera-
‘tion of the soil accelerates the decomposition of the organic sub-
stances too much, thereby destroying the soil structure and leading
in the long term to a loss of fertility. Loosening the soil too much
“will also encourage erosion by water, Surface tillage helps to save
water by destroying the soil capillaries but excessive tillage will
lead to erosicon by the wind in dry areas.

Effective weed suppression can be achieved by ridging, either by
reworking existing ridges or earthing the plants during the vegeta-
~ tion period, In this way the weeds are partially uprooted or covered
_with earth; the work often fails to be totally satisfactory, particu-




Fig., B/ITI/10: Sewing or planting in rows is essential in order to permit the
use of draught animals in weed control as shown here with a ridger.
The enormous reduction in the burden of work which can be nachieved
in this way led in West Africe, for example, to expanzion of the
areays used for cultlivating groundnuts on smallholdings.
{(Photo: G772 Archive:n)

larly if the rigid implement body does not throw up enough soll onto
the ridges, Ridging work 1s more of a strain on the draught animals
than harrowing or hoeoeing.

In crder Lo prevent damage to the 501l weed contrel must be performed
at the right time, around 2 days after it has ralined, once the ground
has dried out sufficliently and the weeds are germinating. Problems
are encountered with heavy so0ils which dry out only slowly; fithese
must often be tilled when too webt and this can easily result in com-
paction of the soil,

Mechanical hoes can cover only the ground between the rows and the
weeds in the rows themselves must be removed using hand hoes,

In the case of swamp rice direct sowing can be followed shortly after
germination by weed control under waler using a scrubber. The pro-
cedure is repeated about 4 weeks later with the harrow, whereby the
rice is simultaneously thinned out, Animal-drawn implements can only
be used later on if the rice is sown or planted in rows. Planted

rice has a congiderable head start over the weeds in terms of develop-




ment, but the latter must nevertheless be combatted relatively guick-
ly. If the rice is carefully transplanted in square groups animal -
drawn implements can be used to work 1in two directions, thereby

avoiding a considerable amount of manual labour.

7. Maintaining of soil fertility

The majority of farmers in the tropics are aware of the importance
of =zo0il conservation and maintaining the fertility of the so0il, and
every farming system originating in such areas in actual fact con-
tains appropriate special measures for this purpose. Such measures
are often geared to shifling cultivation and result to some extent
in lengthening of the period for which the land is used; they cannot
be automatically integrated into a system involving permanent land
use.

In traditional agriculture the increasing weed infestation which
accompanies a longer period of cultivation and the growing pressure
impoged by infection resulting {from pests and diseases also make
it necessary to change fields; the relatively rapid drep in yield,
however, 1s a widespread feature of tropical secoils. It iIs true that
there are exceptional cases where land has been used for 10 years
with no decrease in the yield, pbut yields sometimes drop considerably,
in some cases by more than 50%, as early as the second year of culti-

vation. The reasons for this are as follows:

a) Increased humus decomposition as a result of tillage

In loosened and well aerated soil the organic substances will
decompose rapidly provided that the ground is sufficiently moist.
The plants' nutrient supply is improved since the entire nitrogen
reserves and a large proportion of the phosphorus are contained
in the organic components of the soil.

h) Damage to the soil structure

In tilled soils the increased humus decomposition and the direct
effect of the weather will cause the soil structure to disinte-~
grate. The porosity and thus the so0il's root-bearing capacity
are substantially impaired,

¢) Nutrient losses through leaching

A large proportion of the nitrogen released at the start of the
rainy season is washed into the subsoil by the heavy rainfall
and is usually losat for plant nutrition.

In most tropical soils it is difficult for the farmers to maintain
the fertility of the soil if they engage in permanent cultivation
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d)

e)

annual field crops using the rain-fed system. Appropriate measures

the areas of arable and crop farming are necessary, a.g.:

Avoidance of erosion damage (see Item 5)

Careful tillage (see Item 4)

Observance of a specific crop rotation

A balanced system of crop rotation will at least slow down the
rate at which the land is exhausted. An important part is played
here by the varying preceding-crop values of the individual crops.
Regular rotation of various types of crops in one field also has
a considerable phyteosanitary effect, since it prevents the devel-
opment of specific pest populatinons and one-sided weed infestation
which is difficult to combat. The form taken by the crop rotation
is largely governed by the type of so0il; in many cases field-spe-
cific crop rotations are to be recommended.

inclusion of fallew periods

In traditional African agriculture fallowing was previcusly the
only available means of restoring scoil fertility after a periocd
of use of any length., In the humid forest regions the original
fertility can be restored by means of correspondingly long fallow
periods accompanied by reafforestation. The trees bring back to
the surface nutrients from deeper layers 1in the soil and have
a favourable effect on the physical condition of the ground. In
drier areas land which has been abandoned first becomes covered
with grass, followed subsequently by only a few bushes and trees.
The fallow pericds must therefore be extremely long if complete
regeneration of the land is to be achieved.

Under a permanent-cultivation system the fallow period is usually
reduced to 1-3 years and takes the form more of an element in
the crop rotation. 1t certainiy helps to regenerate the soil to
a certain extent, but more important are the possibilities offered
for fodder production or green manuring. Natural or sown grass
has no greater effect on the regeneraticon of the scil structure
than a cereal crop but does maintain the tillage horizon, since
there is a close interrelationship between tillage and root/plant
growth, The preceding~creop effect, like the fodder value, is im-
proved if a mixture of grass and legumes or legumes alone are
grown on the fallow land.

In the dry areas of the sub-tropics the fallow period preceding
the cultivation year 1is being increasingly used to grow grain
legumes (such as Cicer, Lens and Pisum) which not only require
little water but also enrich the so0il with nitrogen and chocke
the weeds.

Addition of organic substances

Plants to pe used for green manuring must be sown close together,
for the intention is to procuce a maximum amount of organic sub-
stance but only a thin stem which rots easily. Although working
in the vegetable matter cannot produce a lasting rise in the humus
level in tropical soils, it undoubtedly does have a beneficisal
effect. Green manure must be ploughed in at the end of the rainy
season to prevent losses as a result of its drying out., The con-
tact between the soil and the vegetable matter produces a porous
gstructure with stable aggregates. The development of this struc-




ture and thus the maintaining of the tilled soil profile are di-
rectly dependent on the amount of matter added (little effect
can be detected 1if less than 10 tonnes/hectare of dry matter are
applied). The improvement in structure resulting from green ma-
nuring is retained for several years and disintegrates only slowly.

The application of farmyard dung is equally conducive to the main-
.Eaining of the soil structure. The quality of the dung varies
- greatly depending on the conditions under which the animals are
kept z2nd the way in which the dung is stored. It should be kept
under a protective roof, since the direct action of sun, wind
and rain inevitably leads to nutrient losses. The nutrient con-
-. tents of the dry matter vary between around 1% and 2.2% for N,
between 0.5% and 1.3% for Pp0s5 and between 2.3% and 5.5% for K»0.
The moisture content is also dependent upon the type of storage
and exhibits wide variation,ranging between 24% and 70%.

Numerous experiments in the tropics have demonstrated that good
yields can be achieved with most annual crops given appropriate
application of farmyard dung and that the fertility of the soil
can be maintained for a lengthy period if an appropriate crop
rotation system is also used. The necessary quantities of dung
and the intervals at which it should be applied vary depending
on climate, soil, crops and quality of dung. Experience gained
to date, however, indicates that it is unimportant whether small
quantities are applied each year or correspondingly larger quan-
tities every few years, since it has frequently been observed
that a single large application has an amazingly long aftereffect.

Well rotted farmyard dung should if possible be spread and ploughed
in shortly before sowing so that it is thoroughly mixed with the
s0il., Earlier application during the dry season can lead to nu-
trient losses if the dung is not worked in properly. Farmyard
dung containing a large amount of straw can impair crop develop-
ment as a result of bacterial nitrogen fixation and should there-
fore preferably be ploughed in at the end of the rainy season.

Dung is still of minor importance in Africa since the animals
are seldom kept indoors. If the animals are kept in stalls at
night with 2-3 kg of litter 3.3 tonnes of dung per animal per
year can be expected, the figure rising to 10 tonnes if the ani-
mals remain in the stalls all day.

If the animals are not kept in stalls they can instead be kept
in pens at night. In order to provide 50 tonnes of manure per
hectare 16m° must be produced in the pens per animal per month,
which during the dry season covers only a comparatively small
area, Fairly large areas, however, are manured in this way with
smaller quantities in the stock-breeding areas of Senegal, Mada-~
gascar and Ethiopia. Nutrient losses occur in view of the fact
that the penned-in areas are exposed to the weather for long
periods.

It is better to collect the dung and combine it with other organic
material to produce compost. The nutrient contents are usually
lower than those of farmyard dung (0.93% N, 0.52% P20g) and vary
depending on the basic materials used. Although compost-making
involves a considerable amount of work it has the advantage that
material which has already partially decomposed can be added to




the soil at an appropriate time, thereby ensuring that the nutri-
ents are released sooner and directly aiding the growth of the
plants.

f) Mineral fertilizing

The use of mineral fertilizer to replace the nutrients which have
been removed or lost through leaching is one of the most important
measures for long-term maintaining of fertility and increasing
the productivity of tropical soils. It is uncertain whether min-
eral fertilizer alone can maintain productivity over a lengthy
period or whether addition of a certain amount of organic ferti-
lizer is necessary in order to maintain the soil structure.

Fertilizing has often had little effect even in places with a
nutrient shortage because the water supply was inadequate or
severe leaching losses occured as a result of heavy rainfall after
application.

The amount of fertilizer required depends on the amcunt of nutri-
ents removed by the crops grown and on thie growth conditions
created by the sc¢il, climatic influences and cultivation. It is
really only , -3sible to determine the necessary amount by means
of field triale on the spot; the results of scil and crop analyses,
which can be obtained more quickly, can provide valuable hints
as to the soil's fertilizer requirements.

8. Pasture farming and fodder growing

8.1 Use and improvement of natural pasture

Today, draught animals derive their fodder almost exclusively from
natural pasture and direct use is made of grasses, herbs and the
leaves and fruits of bushes and trees.

One advantage of natural pastureland is that its plant community
is optimally geared to the local ecological conditions, while one
disadvantage is that the amount of fodder produced varies greatly
depending on the time of year. At the end of the dry season it is
usually impossible for the animals to obtain sufficient fodder from
the land within easy reach of the settlements. In order to assess
a natural pasture it is necessary both to carry out a botanical
"inventory" and to be familiar with the local ecological conditions.
The composition and capacity of natural pastures vary exceptionally
widely depending on soil conditions, amount of rainfall and type
of use.

In the humid savannahs yields vary between extremes of 1 and 20
tonnes of dry matter per hectareﬂ; a standard figure is between 3

1) See Section B/I/3 for more precise definition.
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and 8 tonnes. Each draught animal requires on average around 3 hec-
tares of pasture, the figures ranging between 1 and 8 hectares de-
pending on local conditions.

The yield level of the natural pastureland in the dry savannahs is
still lower, with an average of 1.4 - 2.3 tonnes of dry matter per
hectare on a yearly average, around 1 - 1.5 tonnes/hectare being
produced during the rainy season and 0.4 - 0.8 tonnes/hectare during
the dry season; only in depressions and on fresh scils has it been
possible to achieve higher yields of up to 7.4 tonnes of dry matter
per hectare. The amount of grazing area required per animal varies
accordingly from around 2 hectares during the rainy season to at
least 4 hectares during the dry season, whereby the availability
of fodder during the latter period is the more decisive criterion.

Optimum use of natural pastureland is possible only if the stocking
of the pasture is geared te the varying vegetation. This calls for
effective checks which are facilitated by fencing. For reasons of
cost, therefore, an advisable system iz common grazing - near the
village - of the draught animals owned by geveral different pecpls

or by the village community.

Overgrazing leads toc the suppression or even the destruction of
palatable and valuable plants and to excessive spreading of the un-
desirable vegetation which the animals will not eat. The aim of
systematic pasture management must be to restrict this detrimental
selective effect and to develop and maintain the growth of plants
which are beneficial as far as bocth pasture utilization and soil

conservation are concerned, The target must be to achieve a balance

between plant growth and plant utilization by means of sujtable

grazingso that - depending on the vegetation ceonditions - only arcund
40 to 60% of the pastures plants of wvalue for 2 particular location
are eaten. This ensures that perennial grasses are able to survive
and annual varieties are able to reach ripeness. Flexible pasture
management is imperative, particularly in areas where the amount of
precipitation varies and the growth of the fodder plants is accord-
ingly irregular. Even the use of simple pasture rotation systems

will have a certain influence on the vegetation and will reduce the
growth of undesirable plants. This effect could be reinforced by

means of repgular mowing, but this has so far been uncommon in Africa.

The fact that is is difficult to maintain a balance between growth
and utilization means that it is often impossible in the long term
to prevent the spread of unwanted plants (which may even turn the
area into bushland). Controlled use of fire is regarded as one of
the most important and inexpensive means of combatting this growth.
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In very dry areas, however, fire tends to accelerate the process
and too frequent burning also has a detrimental effect on the sward.

If the sward is damaged as a resuit of overgrazing or radical bush
control the only way of quickly creating a productive pasture is
direct sowing of grasses and legumes. Elephant grass (Pennisetum
purpureum) and Stylosanthes gracilis from the legume family are par-
ticularly suitable. Although legumes yield only half as much fodder
substance as grasses they have a higher fodder value during most
stages of their development and are more easily digestible. However,
it is difficult to obtain good-quality seed in Africa. The germina-
tion capacity of grass seeds if often lew and in the tropics many

grassas are nropapgated by planting cuttings.

The preoductivity of pastureland can be substantially improved by
applying fertilizer. Nitrogen and phosphorus are the main nutrients
of which there may be a deficiency, particularly in dry regions.
In the final analysis, however, it is economic aspects which deter-
mine whether fertilizer should be applied to pastureland or not.

8.2 Use of harvest residues

Plant remnants which are not suitable for human consumption {or
sale), such as straw, stems and leaves and industrial wastes (press-
cake), are important in feeding draught animals during the dry season

when little feodder is available.

Tne straw from all types of cereals is regarded as low-guality fodder
and in some cases it could be better used as mulch. However, in view
of the fact that the free grazing rights usually existing mean that
it is nevertheless eaten by roaming livestock it is better to collect
it so that it can be put to controlled use as fodder or litter.

The o~tems and leaves of legumes, on the other hand, provide valuable
fodder. Groundnut foliage is comparable to lucerne hay and will even
dry properly under conditions unfavourable for haymaking using other
plants. Only small leaf losses are incurred during harvesting and
drying.

Similar valuable fodder is provided by the foliage of the cow-pea
(Vigna sinensis). It must, however, be stored in an airy place as
it can otherwise be easily spoiled by mould formation.

It is nct a good idea to recover the foliage of the soya bean, since
such heavy leaf losses occur during threshing that only a relatively
small amount of roughage is produced, the value of which is, moreover,
lower than that of maize straw,

Processing-industry residues provide valuable fodder concentrate
in the form of presscake (e.g. from sunflowers, groundnuts and cotton)




which is usually only readily available in the immediate vicinity
of the precessing plants,

The waste from other tropical crops such as sweet potatoes, sugar
cane ,bananas and citrus fruits should preferably be used in a direct
form as livestock fodder.

The quantity of harvest residues produced depends on the productivity
of the location, and processing and recovery of them frequently in-
volves a considerable amount of 1labour. They must be stored in a
dry, airy place to ensure that the value of the fodder is maintained.
Careful useof such fodder reserves can help to ensure that the ani-
mals are adequately fed at the end of the dry season so that they

can cope with the subsequent heavy field work.

Fig. B/III/11: Traneporting groundnut straw in Ghana.
Harvest residues often form an important fodder
basis for keeping draught animals. (Photo: Wessolowski)

8.3 Fodder-crop growing

African farmers have to date attached l1ittle - if any - importance
to fodder c¢rops since priority is given to the production of subsis-
tence and market crops. There is therefore a certain aversion to
selective fodder production, bzcause it is often difficult to draw

a dividing line, e.g. between cereals and fodder crops.
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Fodder crops grown under an intensive system not only provide high-
quality fodder but also permit an optimum crop rotation and improved
use of fallow. The majority of plants suitable for use as fodder
are grasses (including the usual cereal varieties).

Grasses should be planted or sown in a well-prepared seedbed contain-
ing as few weeds as possible and should preferably form rows in crder
to facilitate weed control while the plants are young. The optimum
gap between the plants varies depending on type of plant, soil and
climatic conditions, irrigation possibilities and cultivation system.
Apart from weed control ne inter-row tillage 18 necessary; deep
tillage will damage the plants and reduce the yields.

Tropical grasses must be cut several times since young grass tends
to constitute the best fodder. However, the intervals DbDetween the
individual cutting times must be determined on the basis of the
amount of growih and Lhe gualily ol Lhe fodder since a sufficient
quantity must also be harvested, Il is impossible to fix set inter-
vals because the growth capacity of the various grasses differs and
is subject Lo substantial fluctuation depending on the quantity and
distribution of the precipitation. Cutting the plants down toco fre-
quently will weaken them and may even kill them off, and will in
any case reduce the yield. Depending on the type of crop and time
of year, experience has shown that the cutting interval is be ween
six and ten weeks. Many varieties must not be cut too short, a pocint
which must be particularly borne in mind il harvesting is mechanized.

Given favourable cultivation conditions and adequate fertilizing
tropical grasses will produce exceptionally high yields, Nutrients
should be supplied on the basis of the same considerations as for
other crops, but grasses can make better use of substantially larger

quantities of mineral fertilizer (particularly nitrogen).

Legumes are normally higher-grade fodder than grasses but produce
ﬁsmaller yields. When grown on their own they can yield valuable green
/ foddef or hay but are only suitable for silage making if they are
grown together with grasses. It is, however, somewhat difficult to
find suitable combinations since the tall grasses easily cover the
legumes and thus hinder their growth. In Australia white clover
(Trifolium repens), for example, has been successfully grown with
Kikuyu grass (Pennisetum clandestinum}, and Rhodes grass (Chloris
gayana) with lucerne {(Medicago sativa) or Phaseolus beans, In general,
however, adequately fertilized grasses will produce higher yields,
in terms of protein content as well,
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TABLE B/I1171: GRASSES FOR IMPROVING NATURAL PASTURE AND FOR FODDER-CROP GROWING

NAME LATIN NAME MAIN USE PROPAGATION (Bssr HEIGHT | SPECIAL FEATURES/REQUIREMENTS
FOR CUTTING
e —_— {am) ,
BAHIA GRASS PASPALUM NATURAL SEED, PERENMLAL ; AGGRESSIVE, DAMP SOILS
NOTATUM PASTURE RH1Z0MES 5 NOT SUITABLE FOR CROP ROTATION: NG
| MIXED CULTIVATION WiTH LEGUMES
BERMUDA GRAGS CYNODON NATURAL SEED SHOHT BEJENNIAL ; NO WEEDS ON PLOUGHED
DACTYLON PASTURE - . e | LAND
BUFFALD CENCHRUS NATURAL PASTURE, | SEED 5-10 PERENNIAL ; HIGHLY DROUGHT-
GRASS CILIARIS GREEN FODDER, RESISTANT, 300 Mn AnD vORE
SILAGE, HAY o A N
ELEPHANT PEMNISETUM NATURAL PASTURE. | PLANT DIVISION, 8-30 PERENNTAL : 1000 MM RAIN: CEEP,
GRASS PURPUREUM GREEN FODDER, CUTTINGS MEDTUM-HEAYY SOILS
SILAGE - ]
GUATEMALA TRIPSACUM GREEN FODDER PLANT DPsision, | 10-15 PERENMIAL : LITTLE DROUGHT RE-
GRASS LAXUM CUTTINGS SISTANCE, HUMID CLIMATE, SHORT
B DRY SEASON: RESISTANT TO CUTTING
GUINEA PANTCUM PASTURE , SEED, 8-10 pERENNIAL : 1000 M qain. mo
GRASS MAX 1MUM HAY CUTTINGS FLOODING: L IGHT TO MED[UM-HEAVY
- o e 1SOILS: MIXED CULTIVATION
K ERUYD PENN] SE TUM PASTURE CUTTINGS pERen AL 1000 Mq RAIN: UPLANDS
GRASS CLANDES T 1 bl 1500-3000 » ABOVE SEA LEVEL: FER-
TILE SOILS; NOT AS PART OF CROP
T I B ROTATION
PARA GRASS BRACHIAR LA PASTURE CUTTINGS 1-7 PERENNIAL : HUMID CONDITIONS
R MUTICA N S S - e e S NE U ——
PANGOLA DIGITAXIA Fpnsruns CUTTINGS PERENNIAL : DROUGHT-RESISTANT,
GRASS DECUMPENS S00-900m4. NOT TO BE GROWN WITH
I _|LEGUMES:SUITABLE {RGP FOR ROTATION
RHODES CHLORTS NATURAL PASTURE, | SEED PERENNTAL : RELATIVELY DROUGHT-
GRASS GAYANA HAY RESISTANT, ; RELATIVELY SALT-
TOLERANT; HEAVY SOILS: SUITABLE
N B B | FOR cROP RGTATION
SUDAN SORGHUM PASTURE . SEED 3-15 ANNUAL ; DRY REGIONS
GRASS SUDANENSE HAY I P T
TEFF ERAGROSTIS TEFF | HAy SEED ANNUAL ; SHORT VEGETATION PERIQD

TABLE B/I1E/2: LEGUMES FOR IMPROVING NATURAL PASTURE AND FOR_FODDER-CROP GROWING
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[HAWE LATIN HAME TURATR USE T PROPAGATION SPECIAL FEATURES/REGUIREMENTS
COW PEA VIGNA UGLICULATA GREEN FODDER, SEED AKMGAL @ SEMI-HUMID CONDETIONS
(VIGNB SINENSIS) HAY, PASTURE MIXED CULTIVATION WITH MAIZE OR
o I S SORGHUM FOR_SILAGE
EGVPTIAN TRIFOL UM GREEN FODDER SEED ANNUAL : COOL PART OF YEAR:
CLOVER ML EXANDRINUM ] IRRIGATION; HEAVY SOILS
e —— e S -
KuDZU PUERARIA $P, PASTURE , HAY, "CROWNS PERemnIAL ; 1200-1500mm RAIN: SHoRT
SILAGE DRY SEASON: SLOW DEVELOPMENT WHEN
YOUNG: MIXED CULTIVATION WiTH
3 | cRAssES
{ABLAB LABLAB PURPUREUS GREEN FODIER, SEED PERENNIAL ; HUMI D/WARM COMDLT10NS
{DOL JCHOS LARLAB) PASTURE o _| RAPID DEVELOPMENT
LUCE RNE MEDICAGD SATIVA HAY SEED ANNUAL :AREA OVER S00MM ABOVE
) o o | SEA LEVEL
PHASEDLUS PHASEQLUS PASTURE, HAY SEED annua ; 600-2000m4 Ratn: MixeD
BEAN LATHYROIDES —— CULTIVATION WITH GRASSES
FTGEON PEA CAJBNDS CAJAN GREEN FODDER, 5EED PERENNTAL ; RELATIVELY DROUGHT-
[ b e | RESISTANT, B00-800M
$TYLD STYLOSANTHE S NATURAL. PASTURE SEFD PERENNIAL ; RELATIVELY DROUGHT-RE-
GUANENS 1S s1stant; 600-2500m: usuALLY IN
I R S __ | MIXED CULTIVATION WITH GRASSES
TOWNSY ILLE STYLOSANTHES 1 RATURAL PASTURE SFED AnnuAL : DDOMM RATN: AREAS WITH
LUCERNE WutLys o\ N I SUMMER RAINS )
VELVET BEAN MUCUNA PRURTENS GREEN FODDE R SLED ANNUAL ; SEMI=HUMID FO SEMI-ARID
{sTrzoLoarum CONDTTIONS: OF FEN IN MIXED CULTI-
PRUKTENS) J VATION WITH GRASSES |
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1. Introduction

The introduction of a new technology, whether it be animal traction
or some other form of agricultural mechanization, has far-reaching
effects for the developing country involved, the region to be promo-
ted and the individual farms. These effects should be analysed in
as much detail as possible as early as the planning stage of corre-
sponding development projects.

The aims of this part of the handbook relate on the on hand to the
need to explain the economic aspects of the use of draught animals
- largely in order to supplement the other sectidns in Part B - and
on the other hand to the idea of facilitating and improving the plan-
ning of project measures aimed at introducing or promoting the use
of draught animals. This involves the fellowing individual points:

‘a) Increasing the reader's awareness of the relevant economic aspects
of the use of draught animals.

b) Discussion of the most important micro- and macroeconomic effects
of using animal traction, taking into account important social
effects,

c) Presentation of empirical findings as regards the profitability
of animal traction in comparison with other levels of mechaniza-
tion.

d) Demonstration of an assessment system, using economic evaluation
methods and criteria in order to permit micro- and macroeconomic
evaluation of animal traction in general and in comparison with
other levels of mechanization.

This 1is not simply an attempt to discuss in general and in as bal=-
anced a manner as possible the economic advantages and disadvantages
of animal traction. The aim is rather to present an instrument which
makes 1t posgsible to determine these advantages and disadvantages

and evaluate them accordingly.

The complexity of the overall scope covered by the economic aspects
of animal traction results in a number of essential restrictions;

a) Discussion centred on the use of draught animals in comparison
with manual labour, since under African conditions '"promoticn
of the use of draught animals" is often synoinymous with "introduc-
tion of the use of draught animals’,
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b} Comparatively brief description of macroeconomic aspects, because
here is the assessment from the point of view of farm management
(= microeconcmical level) that is regarded as the crucial element
in the planning and evaluation of development projects involving
the promotion of animal traction.

¢) Shortened description of farm-management evaluation methods, i.e.
only the most important methods and steps are discussed, albeit
with corresponding references to further literature.

d) Framework conditions favouring or restricting the use of draught
animals which are necessary for achieving micro- and macroeconomic
targets and which must accordingly be borne in mind during plan-
ning are summarized in Part A and are also referred to in other
sections of Part B.)For the most part, therefore, there is no
need to repeat them.

The way in which this section is divided up is determined above all
by the areas to which the individual aspects belong and a distinction
is made between microeconomic and macrceconomic fields. A discussion
of the aimg of the farmers and of the overall economy is used to
Illustrate in each case the relatively broad-based effects of the
use of draught animals. Available empirical findings on the profit-
ability of animal traction are either included az examples in the
discussion of effects or considered in the subsequent explanation
of the evaluation methods.e)

It is assumed that fthe use of draught animals as a form of mechanical

and technical progress has a specific effect on various sectors of

the economic producticon process {see Table B/IV/1).

1} It goes without saying that statements made here must be taken only within
the context of the respective framework conditions surrounding them and are
therefore limited in terms of generally applicable significance.

2) The examples were integrated into the more theoretical consideration of the
evaluation methods with the aim of providing information and instructions which
are related as far as possible to actual practice. A handbook like this, how-
ever, can in no way replace the consultations of the usual textbooks on project
planning methods.
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TABLE B/1v/1: MICRO- AND MACROECONOMIC EFFECTS OF THE USE OF ANIMAL TRACTION
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2. Microeconomic assessment

2.1 Definition and restrictions

If European farm management theory is taken as a basis for agricul-
tural planning and assessment processes in developing countries it
is important to emphasize the major differences and special features

of farming in developing countries.

In management theory the three terms "holding/enterprise”, "under-
taking" and '"household" are used to identify production and consump-
tion processes, These permit - sometimes with the aid of further
subdivisions on the basis of spreific features - relatively precise

classification and assignment of individual processes {(e.g. "Family

agricultural holding' as against '""hired-labour enterprise"),.

An agricultural holding or enterprise is characterized by three major

production factors - labour, land and capital, which interact ¢to

determ® e the actual production process. Depending on its area of
speciarization, it 1is possible to identify individual production
sectors for each holding (e.g. "cultivation of cerealg", "breeding

of new draught animals" etec.).

The term 'production methods" is used in management theory to des-

¢cribe a relatively limited area of the holding or a special produc-
ticn sector which can be clearly defined by means of its income/ex-
penditure ratio (see alsc Section 2.7.1).

The c¢onditions prevailing in developing African countries create
a number of problems as regards the use of the terminology and methods

of farm analysis and assessment common in Europe:

a) The subsistence farming encountered on African smallholdings com-
prises close interlinking of holding and household, which means
that divided classification on the basis of production and con-
sumption is hardly practical.

b) Comparatively complicated land use systems (joint land ownership,
shifting cultivation ete¢.), together with the traditional and
family-based relationships {extended families, communal work etc,)
make it difficult to give a precise definition of a holding.

¢) The fact that the rural population frequently uses and thinks

in terms of natural units makes it difficult to evaluate a holding
in monetary terms.
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d) The available data are in many cases inadequate, but it is rela-
tively time-consuming and difficult to collect and analyse the
necessary new informaticon. In planning situations of this type,
therefore, it is always necessary to consider whether the relia-
bility of the data and the use of them in planning are in reason-
able proportion to the desired result (see aiso Part A/Section
4.4),

2.2 Aims of the farmers with regard to an assessment of the micro-

economic effects of draught animal utilization

The aims of the farmers involved must always be kept in mind in order
to guarantee that agricultural innovationg are assessed with due
regard to the situation. When corresponding development projects
are being planned, therefore, it is important to carry out as exten-
sive a target analysis as possible, since it is the farmer's own

objectives which have a decisive influence on his actions and not
the aims of those who plan or implement the project measures.

It is clear from experience that the economic targets of the rural
population - and thus the farming population - in Africa are highly
complex and are determined by the prevailing framework conditions
and level of development. If it is assumed that the farmers' objec-
tives are, moreover, related to the major farm problems and the
possibilities for improving or changing the situation, knowledge
of the problem structure (and the objectives dependent upon it) can
be used tc obtain a rough idea of the chances which an innovation
- and draught animal utilization must be regarded as an innovation
in much of Africa - has of being adopted. It is thus important to
consider the potential effects of using draught animals in relaticon
to the objectives of the target group in question.

The objectives of African farmers may include the following:

a) Economic objectives

These generally involve maximization of benefits:
- Increase in net cash income

- Reduction of economic risk

- Formation of assets

)

- Guaranteeing of subsistence (reduction of risk via guaranteeing

- Guaranteeing of liquidity1

of continuous food supply).

1) Guaranteeing (potential) liquidity is usually not so much a target set by the
farmers but more one set by the project executing agency, particularly in cases
where draught animals are introduced on a credit basis.
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b) Non-economic objectives

These are very difficult or impossible to guantify and should

be dincluded in the farm planning processes as incidental condi-

tions:

- Improvement of social position (prestige, power interests, in-
creased status etc.) as a major socioclogical target

- Reduction of physical effort (by making work easier and/or
saving time)

- Improvement in the living situation pure and simple.

In traditional African societies it is usual for the individual to
often incur heavy expenditure and cash ocutlay for traditional clLliga-
tiong (funerals, dowry etc.). For the farmer this means - in addition
to fulfilling the above-mentioned non-economic aims - not only that
an innovation such as draught animals must bring an adequate increase
in his yields but also that his priority economic target will be

1
.o increase his net cash ihcome*}(i.e. his income which can be used

for consumption purposes). The net cash income must exceed a specific
"threshold" for the innovation to be accepted at all. Increases of
10%, for example, in many cases do not at all justify the expenditure
needed to introduce the innovation in question.

Non-economic targets (increased prestige etc.) are often given prior-
ity over the purely econcomic targets among the native inhablitants.
Although such objectives are often difficult tco analyse and [ .:tify
they should under no circumstances be ignored when corresponding

preoject measures are being planned.

As shown in Table B/IV/1 the discussion of the economic effects of
animal traction assumes that the use of draught animals is to be
regarded as a form of mechanical and technical progress, principally
in comparison with manual labour.

1) On European holdings, for example, the target is to increase farm income or
profit. For African farmers, on the other hand, the net cash income (operating
profit minus all miscellaneous expenditure and outgoings) will probably - for
the above mentioned reasons - be more important, since this figure includes
additional earnings from the non-agricultural sector (e.g. use of draught oxen
for transport work; or fishing, weaving, pottery-making etc.). A more precise
calculation of income is given in Section 2,7,
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Technical progress essentially has an effect on
- production increase,

- cost reduction and/or

- capacity expansion.

The interrelationships in these three areas lend the situation a
certain degree of complexity. In order to present these relationships
in a more comprehensible manner, therefore, an attempt will be made
to demonstrate the .effects of the animal traction according tothis
influence on

- individual producticn methods on a farm,
- the farm as a whole,

- the operating risk and

- the non-agricultural sector.

In =zome places hints are given to aid in the economic evaluation
of individual aspects in profitability calculations. S5Some framework
conditions limiting or favouring the introduction or promotion of
agricultural use of draught animals are alsc given but are discussed
in more detail elsewhere.

2.3 Effects on production methods

The varying degree of suitability of draught animals for cultivation
of certain crops leads to changes in the competitiveness of indivi-
dual production methods. This can principally be explained by the
Tact that the use of draught animals

a) leads to yield increases of varying size, whereby other parameters,

e.g. those based on biological/technical progregs, may have a
complementary effect;

b) results in cost changes which must be allocated directly to the
individual production methods (= proportional spescial costs)

¢) reduces - to varying extents - the amount of work required for
the various crops depending on the implements used.

The change in the ecconomic importance of specific crops for an indi-
vidual farm leads to modifications in the cultivation system and/or
the crop rotation, i.e. cultivation of the crops which are relatively
speaking more competitive is increased. This is illustrated by the
considerable spread of cotton and groundnut growing in West Africa,
two types of crop cultivation which can easily be mechanized with
the aid of animal traction.
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2.3.1 Increased yields

The increase in yield achieved with the aid of draught animals results
from:
a} improved soil and seedbed preparation

b) observation of optimum cultivation times {(tillage, sowing, weeding,
harvesting)

¢} use of organic fertilizer (e.g. dung from draught animaig), pos-
sibly accompanied by better utilizaticn of mineral fertilizers —

d) observation of aptimum plant spacing and precise sowing depths
{(by using suitable sowing implements)

e) possible changes in the crop rotation {e.g. through the inclusion
of fodder growing ectc).

Furthermore, the use of animal traction often leads tec general farming

intensification, e.g. through achieving several harvests each year,.

This could be accomplished in conjunction with irrigation where

draught animals can be of particular impertance.

Only by precisely determining the specific intensity of the produc-

tion method involved is it possible in practice to establish which
of the above factors makes the major contribution to increasing the
yield, The specific intensity expresses the ratic of production input
(e.g. dung, ploughing work, irrigation water) to production volume
{e.g. cotton or millet yieid}). For this purpose, however, it is ne-
cegsary to know all the coefficients of the production function on

1}

which the specific intensity is based. Here it is sufficient to
point out that the use of draught animals generally entalls a change
{(increase) in specific intensity. Attempts alt precise determination
cf this intensity often throw up preblems regarding clear-cut alloca-
tion of the effects noted, since other factors (e.g. mineral ferti-
lizers, new varieties etec,) usually exert a greater influence than
the use of draught animals.

Relatively few research findings con this topic have so far become
available for Africa. The major consideration in such studies is
always inclusion of the climatic influences and specific locational
factors., Distinctions must also be made among the crops which can
be cultivated with the ald of draught animals.

LE MOIGNE {(1879) discussged research carried out by the 1I.R.A.T, in
Senegal, the Ivory Coast and Madagascar, where the use of animal
traction led to the following increases in yield over purely manual
labour (however, he does not specify the duration of the investiga-
tion; nor is it possible to cumulate the percentages):

1) cf.e.g. DOPPLER, W. {(1978) and the literature referred to there for questions
concerning gpecific intensity and determination of same. The so-called "organ-
izational intensity' should also be considered in this context,

278 )




- Through gquicker and more precise sowing: 50% for groundnuts and
sorghum and up to 20% for millet varieties

- Through (semi-} mechanical crop tending: 50% for groundnuts and
up. to 175% for millet varieties

.~ Through  better seedbed preparation (ploughing and harrowing): up
o to 112% for upland rice, up to 73% for maize and between 20 and
30% for sorghum, cotton and millet.

FHe stresses that these significant increases can be clearly attributed
to the use of animal traction, At the game time, however, he points
2ut that thesze figures were achieved under ftrial conditions and that
the yield increases on typical African smallholdings are usually
nowhere near as great.

According to CASSBE et.al. (1965) use of animal-drawn aids alone has
no direct effect on the increase in the yield. Clearly positive re-
sults have, however, been obtained wherever farmyard dung produced
Ly the draught animals is used correctly, e.g. in many parts of Mali
(HAfAG, H. and I., 1979).

Irrigation makes an important contribution to improving yields. In
parts of North Africa it has been traditional for centuries to irri-
gate the land using water pumped out of wells with the aid of draught

Fig, B/IV/1: Availability of sufficient irrigation water is a decisive criterion
iipop. - yield. improvements and - thus also ~for .profitable use of draught animals. In
places “where the ‘use of draught animals is traditional in irrigated farming -
© - as shown here in Madagascar - the techniques employed (e.g. for harnessing) have
- been developed to an advanced stage. (Photo: Kiithe)
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animals, along water-courses or in oases. Table B/IV/2 gives a few
performance data as a rough guideline. The contribution which such
irrigation measures can make to improving farm income depends in
each case on the prevailling framework conditions (water losses

through evaporation and seepage, crops grown and their price/cost

ratio, water distribution system etc.).

Table B/IV/2: Performance data for irrigation systems operated by
harnessed animals

System Discharge head Average delivery [Features
m m’ /h
1. Water wheel
500 cm dia. 1.8 36 Direct drive via
400 cm dia. 1.3 51 capstan, 1 animal,
300 cm ida. 0.8 75 2-4 revs, per
200 cm dia. 0.3 114 minute
2. Capstan 10.0 2.2 Onerated by
with pump 20.0 1.1 1 donkey (approx.
0.11 HP (DIN})

Source: 1. HOLTKAMP et.al., 1978
2. MINISTERE DE LA COOPERATION, 1974

In order to permit economic evaluation of yield increases it 1is
essential to know how permanent they will be, for all economic model
analyses work on the basis that the productivity of the soil will
be maintained. This factor is particularly relevant for ex-ante farm
planning, where calculations should be based either on long-term
caverages or changes in yield which could actually occur., A lack cof
empirical data may lead to evaluation problems (incorrect assessment
etc.), which is why calculations should be made on the safe side.

A number of investigations performed following the introduction of
animal traction (e.g. REMY, 1972) exhibited an increasing drop in
yields after the initial increases. The possible causes are discussed
in more detail in Part B/III)

2.3.2 Change in proportional special costs and fixed factors of pro-

duction

It is important for the farm planner to know the proportional (=
variable) special costs of keeping draught animals in order to be
able to quantify the major cost-cutting effects which use of draught

animals have on the production process and in order to make produc-

tion methods with and without draught animals comparable at all.
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These costs comprise!

{1) Maintenance and repair costs for implements, harnesses and other
aids used

In many places maintenance of the implements and aids introduced
along with draught animals, and in particular the provision of
necessary spare parts, presents considerable problems, usually
as a result of a shortage of trained local craftsmen. In this
area, therefore, the individual farmers incur quite consider-
able costs which in practice fluctuate within a brcad range,
i.e. depending on the area cultivated and the type of implements
used. Unless detailed information is available, however, at least
10% of the purchase price of an implemert should in general be
taken as representing annual expenditure on repair and mainten-
ance (including spare parts}.

(2) Costs of additional performance feed for draught animals

The rollowing aspects are of significance when fodder costs are
being determined:

a) If the draught animals derive their feed only from the farm's
available fallow land or bushland the fodder costs will be
relatively low (they can often be disrsgarded altogether)
and only the grazins costs (usually only labour costs) need
be consildered.

) If harvest residues (groundnut straw, rice straw etc.) form:
the major basic feedstuffs only the cost of recovering them
(drying, transportation, storagc etc.) 1is decisive, assuming
there is no local market for these products. If there is a
market, however, the corresponrnding opportunity costsl) rfor
the products {determined by their relative purchase and sale
values) must be determined and added to the recovery costs.

c¢) If fodder has to be purchased {industrial residues such as
brewer's grains, groundnut cake or palm kernel meal; or min-
eral licks etc.) the market prices actually paid (plus any
transport costs) are to be taken as the fodder costs.

{3) Cost of tending draught animals

The importance of the costs incurred in tending the draught ani-
mals (usuallly only labour costs) may vary. On farms employing
only family labour they are generally ignored in operational
costing, while on farms employing hired labour they are one of
the wvariable cost factors., On averasge, half an hour per animal
per day can be regarded as necessary for leooking after the ani-
malg, i.e. around 365 working hours per year for a team of two
animals. The level of the wages to be paid is coften a decisive
factor as regards the profitability of animal traction in com-
parison with other forms of mechanization,

1) The priciple of calculating opportunity cost is often of only theoretical
significance in economic evaluation and has its origins in the practice
of rigidly thinking in precisely measurable quantities. Opportunity costs
can result from the lost profit from alternative production and application
possibilities. If, for example, a shortage of land in general forces a
reduction in the area devoted to a particular crop so that fodder for dravght
animals can be grown, the famer is deprived of a 'profit" amounting to
the yield cbtainable from the crop. Only the net sumz are taken as opport-
unity costs.
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{(4) Interest _on gross working capital

This is determined -~ if at all - by the usual interest rates
for the respective location.

The introduction of animal traction generally causes a rise in the
proportional special costs of the individual production methods used
by a farm. When evaluating these costs the internal farm values (e.g.
"relative purchase value" or "production cost value" of additioconal

performance fodder etc.)} should always be decisive.

In addition to the proportional special costs, however, the fixed
costs incurred by a farm also rise (see Section 2.4.3). The resultant
higher overall costs are economically justifiable only as long as
potential capacity expansion and/or corresponding increases in yield

lead to a drop in the (long-term) average costs,

As far as labour, land and capital requirements are conc~riivd - these
usually being designated in farm management terms as fixed production
factors - the introduction of draught animals will result in the

following changes:

(1} Labour

If draught animals are used all agricultural production processes
inn which they are involved will require less labour than if per-
formed manually. As a result of this it becomes possible to in-
tensify productien and/or increase capacity (e.g. expansion of
cropping area) while the farm's labour force complement remains

the same,

Data on the time required for working on various crops with and
without draught animals are subject to substantial wvariation
as a reSult of numerous parameters (e.g. soil quality and mois-
ture, natural vegetation, capacity of draught animals, condition
of implements and tools, production level etc.). The figures
given in the following %table and diagram are therefore only rough

guidelines (see also Section B/II/7).
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Table B/IV/3: Time required for various types of work with and

without draught animals (hours/hectare)l)
ype of work Manual labomé) Draught_ animals (+2 orrB workers
(1 worker) 1 pair of 1 conkey

dranght oxen

Cultivating {dry soil) 30-35 12 25

idging (with plough) 120 (140) 12 (30) -

Ridging (with ridger) - -

Ridging in ploughed field - 7 -

Ploughing (with light plough; 200 (230) - 60

Ploughing (with heavy plough) - 25-30 (40) -

Harrowing - 5 (15) 5

Row ..--ding (1 seed drill) €4 12 7-10

Hoeing 160 (165) 15 12

Croundnut 1ifting 96 20 -

1) The figures in brackeis apply to heavy soils

2} Figures only for using traditional heces, no other implements.

Source: MINISTERE DE LA COOPERATION (1974)

Diagram B/IV/4: Average time requirements of various forms of

mechanization (hours/hectare)
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DRAUGHT ANIMALS

PARTIAL MOTORIZATION

FULL MOTORIZATION

Source: FAO/C.E.E.M,A,T., (1972)
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TRAVERSE,S. (1974) states that in swamp-rice growing in Senegal
(BasseCassamance) work performed manually takes 25 times as long
as that carried out using draught oxen.

Studies made by DIMA,S.A.J./AMANN,V.F. (1974) on time require-
ments in Uganda indicate that the use of draught animals can
reduce time requirements by more than 50% on average.

As observed in Northern Cameroon or Mali, the time thus gained
is not necessarily used for agriculture but is often devoted
to earning additional income from non-agricultural sources.

It 1s generally agreed that mcre advanced forms of mechanization
than animal traction are more efficient in terms of productivity
per worker and/or per hectare. Comparative studies on the amount

of time required when using tractors (both two- and four-wheeled

o~
Ly

1) and draught animals provide evidence of this in every

=t

W

case, no matter whether the work involved tillage, crop tending

or transport work.

DEOMAMPO (1967/69}, for example, established that for the plough-
ing work involved in rice growing in the Philippines a & HP (DIN)
tractor with 2 days/hectare, required only a third of the time
needed by a water buffalo (6 days/hectare).

Studies comparing so-called "simple tractors" {without sophisti-
cated engineering) and draught oxen on cotton and groundnut farms
in Mali produced similar results (see also Section 2.7.1). A
pair of oxen took fcur times as long as a tractor to till one
hectare and twice as long toc sow the same area using simple
sowing implements.

In many parts of Africa, where sex-specific division of labour
is common, the introduction of animal traction may create prob-
lems., If, for example, typical men's work (e.g. tillage) is made
easier by using draught animals and the farm area consequently
expanded - on Phe basis of a decision taken by the men - a heavy
burden is then placed on the women during the crop-tending and
harvest work for which they are usually responsible. Although
transport work ({(often also the women's responsibility) can be
facilitated to a certain extent by the use of suitable carts,
it should always be analysed before draught animals are actually
introduced whether this makes the extra work justifiable. Appro-
priate measures (e.g. use of multi-purpose implements) have then
to be considered for women.

(2) Land
The .introduction of draught animals usually increases the demands
placed on land as a production factor {(i.e. in this case the




need for arable land as well as possible fallow and pasture),
particularly if specific types of production are to be expanded
because they are more competitive. The necessary land can be
provided by:

- Restricting other types of production, for example, more cotton
- as cash crop - instead of millet
~ Shortening fallow periods

- Adding new crop areas (= expanding the farm's capacity).

(3) Capital
Among capital requirements for financing animal traction it is

important tc make a distinction between capital needed for

- investments such as draught animals and implements (= change

in fixed assets) and

- use of the draught animals, i.e. fodder etc. (= change in

current assets).

In general, a farm's capital requirements will increase if it
goes over to using draught animals. This peint is of relatively
major importance for the majority of African smaliholdings, since
they mostly suffer from an acute shortage of capital, particu-
larly in the case of farms with a high degree of subsistence
production. Innovations such as draught animals must therefore
be introduced with the aid of credits and/or subsidies (see also
Section 2.5 -~ Excursion: Aspects of financing the use of draught

animals).

2.4 Effects on the farm as a whole

All major effects which the use of draught animals has on the farm
as a whole stem from or occasion the effects in the area of produc-
tion methods. The following aspects are of primary importance:

a) Expansion of the farm's capacity

b} Change in area of farm-specialization
¢) Change in fixed costs

d) Change in operating risk

2.4.1 Capacity expansion

Animal traction can essentially contribute at three levels to ex-
panding a farm's capacity:
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1) Wwith a fixed labour force it becomes possible to cultivate a
larger area and/or - if land is in shert supply - to make more
intensive use of the existing area (e.g. by achieving several

harvests in each production period).

2) The inclusion (or expansion) of irrigation measures - e.g. using
capstans or water wheels operated by animals - is facilitated;
this also amounts to more intensive land use but can additionally
lead to a change in the area of farm specialization.

3) The animals and implements available on the farm make it possible
to perform work against payment (ploughing, transportation) for
neighbouring farms, resulting in additional income,

At all three levels the ocutcome will be increased yields or increased

‘net cash income, respectively. It is generally assumed that small-

holdings cultivating around 2-3 hectares in the traditional manner
can at least double their agricultural area using at least one pair
of draught oxen and suitable implements and retaining a family labour
force of the same size as previously. However, this often has serious
consequences as regards the manual labour which still has to be per-
formed during harvesting, a point which all in all should not be

ignored.

Larger farms employing hired labour can often increase their agricul-

tural area by well over 100%.

The major framework conditions which make 1t possible to achieve
a relatively large increase in the cropping area using draught ani-
mals are the following:

Availability of sufficient cultivable land with light to medium-
heavy soils '
~ No problems in clearing natural vagetation

- High degree of motivation on the part of the farmers (possibly
because work is made much easier and working-time saved)

- Availability of relatively inexpensive draught animals and imple-
ments

- Gocd opportunities for marketing those crops which can be easily
mechanized with the aid of animal traction
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Such conditions are to be found throughout much of West Africa, par-
ticularly south of the Sahel belt and north of the evergreen rain-
forest zone, which is why it was possible to achieve considerable
expansion of the area cultivated per farm when draught animals were

introduced in this region.

Table B/IV/5: Average expansion of agricultural area (in %) achieved

by introducing draught animals on West African small-

holdings
SENEGAL MALI
Thiés region 100 % Hte Vallée region 201 %
Siné Saloum region 128 % Ségou region 156 %
Baoul region 159 % Sikasso region 153 %

Source: CASSE, et.al. (1965}

A limited increase in agricultural area can be expected wherever

the following conditions, for example, are to be found:

-~ Relatively heavy soils

- Dense natural vegetation, making cl.arance work difficult
- General shertage of land

- High degree of competitiveness on the part of those crops unsuit-
able for cultivation using draught animals (e.g. tea, coffee, oil
palms etc.).

Under the above-mentioned framework conditions it is possible in
some cases to make 1t easier for the farmers to go over to using
draught animals by means of appropriate support measures (e.g. land
clearance and initial tillage using tractors).

It is quite often the case that the transiticn from manual labour
to animal traction not only increases the area cultivated but also
results in shortening of the fallow periods due to a lack of cultiv-
able land, leading in the long term tc reduced yields. In many places
this accompanies the transition fpom traditional shifting cultivation
to permanent land use. The situation may be exacerbated still further
by incorret tillage unless suitable countermeasures are taken (use
of organic fertilizer, catch crop growing, crop rotation ete.).
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The possibility of using draught animals to perform work against payment

may present certain allocation problems in an economir farm analysis,
because under African conditions, this problem 1is closely related
to general difficulties involved in defining agricultural work., Con-
tract ploughing and transportation of harvested crops against com-
pensation (also in kind) etc. should be included in the agricultural
sector since this work makes a direct contribution to the farm income.
The introduction of draught animals, as well as other forms of mech-
anization, frequently does not lead immediately to expansion of farm
capacity in one single step. The development is generally gradual
and the accompanying production-increasing process continues for
a certain amount of time. The resultant work and expenditure thus
do not arise suddenly, remaining at the same specific level from

then on; instead, their development is linked to the general changes

taking place on the farm.

g

Fig. B/IV/2: Urban areas and regions near to towns offer particularly good oppor-
tunities for obtaining additional income, e.g. by transporting milk
as shown here in Kenya. {Photo: Reh)

2.4.2 Change in area of farm-specialization

The changes in the competitiveness of individual methods of produc-
tion, resulting from a farm's changeover to draught animals, lead
to modifications in the organization of the farm, i.e., 1ts area of
specialization. The first step is often only increased cultivation
of market crops, usually resulting in higher net cash income.
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This positive effect of the use of animal traction is in some cases
used directly as a kind of "economic lever" to encourage the promo-
tion and spread of the technique. In parts of West Africa the C.F.D.T.
(1968) and its subsidiary regional organizations were relatively
successful in their sustained efforts to combine increased cotton
growing with the use of draught oxen. In wview of the fact that this
crop is highly suitable for oxen-based mechanization, c¢redits for
the purchase of draught animals, implements, seed and mineral ferti-
lizer were granted to smallholdings growing cotton with the aid of
animal traction. The increased proportion of preduction accounted
for by cash crops gave the individual farmers sufficient incentive
to adopt the innovation.

The specific promotion of certain animal-drawn implements (e.g.
groundnut lifters, seed spacing drills etc.) may foster a potential
existing tendency to increase market-crop producticn. In the ground-
nut-growing areas of BSenegal, for example, it was found that the
introduction of animal-drawn seed drills on holdings cultivating
up to 10 hectares nct only meant that the use of draught oxen was
adopted as a technique in itself but alse at the same time led to
more than doubling of the groundnut-growing area per farm (CASSE
et,al., 1965/66).

In many parts of Africa arable farming is traditionally separated
from the keeping of heavy livestock. If the general framework condi-
tigns so permit, the introduction of drauvght animals may in the long
term lead to significant changes in farm organizaction, for example
if livestock husbandry is increasingly integrated 1into the farm
through the beeding of new draught animals, The female animals re-
quired for this purpose can be used both for draught work and - as
in the case of draught cattle - for milk production.l)
The use of draught cows, however, is not without its problems, since
during the last months of pregnancy they can only be used to a limited

extent and preferably not at all as from the seventh month.

Farms of this type - i.e. combining animal breeding and crop cultiva-
tion - are still comparatively rare in Africa, although details are
available on the use of draught cows and animal reproduction on farms

2)

The increasing shortage and rising cost of draught animals, particu-

in Senegal, North-~Cameroon and some other countries in North Africa.

larly cattle, necessitate a stronger promotion of the breeding of
additional draught animals on the farms.

1) This was formerly traditional, for example, on many farms in Central Europe.
See also: DRAWER, K., 1959.

2) TRAVERSE,S., (1974), HENRY,A., (1972), SALLE,B, (1970), M'BODJ,M. (1973);
HOLTKAMP et.al. (1978), for example, describe the intensive use of dreught
cows in Egypt.
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The following arguments favour such measures:

1) A farm's net cash income can be increased through the continual
sale of young animals and/or milk.

2) Breeding of animals by the farms themselves to meet their own
requirements, coupled with the additional proceeds from the sale
of draught animals at the end of their working life, result in
a type of "farm capital formation".

3) The fertility of the soil on the farm can be increased con a long-

"term basis by using dung.
Under African conditions it 1is difficult to give an economic
assessment o©of the fertilizing wvalue of dung., It has a certain
value in that it can maintain or ILmprove soil fertility and pro-
duction of dung must therefore be classified under the cutput
involved in the use of draught animals., According to FAQ/CEEMAT
(1872) one pair of oxen produce on average 6.4 tonnes of manure
per year and the figure can be increased to arcund 20 tonnes pro-
vided that the animals are kept under suitable ceonditicons within
the farm-yard or compound. A horse with a live weight of 300 kg
produces around 300 kg per month and a donkey approximately 100 kg.

These figures must, however, be evaluated with caution.
4) The use of draught animals is accompanied by a diversification
of agricultural production which permits
-~ equalization of labour burdens,

- improved subsistence production and food supply for the farm
families (milk) and thus

-~ a certain reduction of general risks.

In addition tc¢ the already-mentioned advantages of combining animal
husbandry and crop cultivation in the above-menticoned manner, the
costs and labour requirements accompanying a new area of farm spe-
clalization must be considered every time. In case of farm planning
it must always be established, for example, whether it is in fact
economical to buy the necessary draught animals or rear them on the
farm itself.

The general framework conditions must not be overlooked when con-
sidering such points, for the increased fodder requirements of a
breeding herd will, for instance, be coupled with the need for addi-
tional drinking water which cannot be met permanently in every part
of Africa. Nomads and their herds are considerably more mobile and
can move from one existing fodder area or watering place to another,
whereas draught animals will sustain a substantial drop in perform-
ance 1f forced to go a long way to find drinking water. Under certain

290




climatic conditions, therefore, it may in future be more practical
in many cases to have the necessary draught ar mals reared by nomads.

VALENTIN,P./SPITTLER,G. (1976) draw attention to the problems of
using draught oxen within the framewori of integrated animal hus-
bandry on West African smallhecldings. On account of the relatively
- large pasture area needed for a farm's own breeding herd, most farms

~in .the region using draught oxen will continue toc be dependent on

purchased animals.

- 2,4.3 Change in fixed costs

The introduction of animal traction increases overall operating costs,
particularly the fixed costs. It does, however, cut the average costs,
mainly as a result of the increased efficiency of the production
factors used.

The fixed costs incurred through the use of draught animals are:l)

1) Depreciation on draught animals

The amount of depreciation depends on the period of use (oxen
4-6 years, horses 7-15 years, donkeys 8-10 years) and the differ-
ence between the purchase price anz the animals' residual or
slaughter value. The costs of training the draught animals must
be added to the purchase value unless already-trained animals
are bought.

In many places, e.g. Gambia (METTRICK, 1978), the wvalue of old
draught oxen (aged between around 8 and 10, slaughter weight ap-
proximately 500 kg) is considerably greater than the purchase
price of young oxen (usually aged between 2 and 3 with a live
weight of 250-300 kg).

2} Depreciation on implements and equipment

These costs also depend on the period of use and often vary from
one implement to another. For costing purposes it is advisable
to regard depreciation as fixed, since the periods for which the
implements are used are generally unkown. No empirical data are
available on the life of African animal-drawn implements and it
would seem apnropriate to take a maximum of 10 years as a guide-
line.

3) Cost of basic fodder for the draught animals

Under African conditions these costs are low and can be ignored
if there 18 no actual fodder growing and existing fallow land
and natural pastures are grazed instead or the animals fed with
non-marketable harvest residues produced on the farm. Fixed costs

1) The cost factors listed subsequently are considered to be fixed costs since
a farmer keeping draught animals will incur them every year irrespective of
the degree to which he utilizes the capacity of his animals,
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may occasionally be incurred if herdsmen are employed to look
after the animals. If fodder is grown for the draught animals
this form of preoduction will result in separate fixed and variable
costs which must be allocated accordingly.

4) Cost of keeping and caring for draught animals

This category includes depreciation on any livestock housing con-
structed (or shade-providing roofs, silos, fences etc.) as well
as veterinary costs and the fixed costs of keeping the animals,
Veterinary costs are among the most important costs entailed in
the keeping of draught animals and are incurred as a result of
regular inoculations, castration, care of the animals and certain
continuous prophylactic measures. FAQ/CEEMAT (1972) gives a figure
of 8% of the purchase price of the draught animals as a guideline
for use in farm cost accounting but this figure is in most cases
seldom achieved in practice.

5) Cost of insuring draught animals

Draught-animal insurance 1is of immense importance to the farmer
in that it serves to reduce his investment risk.

Insurance companies in the relevant countries - insofar as they
exist at all - have to date been somewhat unwilling to insure
draught animals, since proving the loss of an animal - it is usu-
ally necessary to submit a veterinary certificate - frequently
involves numerous problems. The insurance premiums to be paid
are accordingly high.

In Senegal the annual premium was 8% out of 80% of the purchase
price of draught oxen, since the hide was valued at 20%. In many
places, such as Mali, the inflation rate to which prices for
draught oxen are subjected has risen so fast that the sum paid
out in the event of a claim (corresponding to the original pur-
chase price} is not sufficient to buy a replacement animal.

6) Interest on capital invested in fixed assets

This must be related to the average asset value in the case of
all capital assets. The level of interest must be in line with
the usual local conditions.

If there are opportunities for alternative use of capital - which
is scarcely to be expected among African smallholders possessing
little capital - the alternative interest rate should be taken
as a basis for eventual farm-budget calculation.

7) Taxes and similar charges

Other fixed costs of importance for the farm as a whole may take
the form of annual taxes on draught animals or carts, since this
form of taxation is relatively easy for a state or a government
to implement. It was frequently used in earlier times, whereas
in Africa it has to date been largely unkown.

In view of the fact that most African farms - particularly small-
holdings - have insufficient funds of their own, the introduction
or promotion of draught animals often requires state support in the
form of credits or direct subsidies on account of the relatively
heavy investment involved. This applies above all to the initial
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phase of corresponding development programmes and should be given
special attention during project planning. '

In many parts of West Africa the prices for draught oxen have risen
tremendously during the last 20 years, an increase which can be
attributed on the one hand to the disastrous droughts between 1973
and 1975 and on the other hand te the growing local demand for
draught oxen. The prices for animal-drawn implements have risen fto
the same degree almost everywhere in Africa,

In general, it can be assumed that horses (and camels) are more ex-
pensive than draught cattle since they are more highly valued as
animals for riding and are therefore used less for draught work in
the countries where they are found. Donkeys, on the other hand, are
less expensive in many places but on account of their smaller tract-
ive effort are only suitable to a limited extent for draught work
(on light so0ils and using suitable implements). The importance of
mules is unfortunately declining, although they were formerly popular
draught animals in Africa, particularly during colonial days.
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Fig. B/IV/3: Price trends for draught oxen in selected West African countries.
{Sources: various) :

1) Mali: Does not take into account the 1974 devaluation of the Malian franc.
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2.4.4 Change in operating risks

The transition from manual labour to animal traction generally in-

creases the operating risk. This is caused by the following factors:

1) The increased fixed costs and resultant recurring expenditure

create a certain invesgstment risk.

2) An increase in the proportion of market crops leads - depending
on possible price fluctuations - to an increased market risk (de-
pendence on goverment decisions and possible weorld market prices).

3) Expansion of the area cultivated may, coupled with simultanecus
shortening of the fallow period and possibly in conjunction with
climatic influences, result in yield fluctuations and consegquently

in increased producticn risk.

4) Any cut in subsistence production will increase the food-supply
risk for farming families, particularly if it is made worse by

yield fluctuations,

The readiness of African farmers to take risks is often insufficient
- perhaps as a result of bad experiences - to permit direct adoption
of innovations such as draught animals. There are a wide variety

of reasons for this which cannot be discussed in detail here,

2.5 Aspects of financing the use of draught animals

The need for credits to aid the introcduction and promotion of animal
traction has already been brought up at various junctures, Experience
has shown that development projects in this field must almost always
comprise their own credit programme unless it is possible to call

upon efficient existing institutions.

The need for credits on the part of the smallholdings results from
the acute shortage of capital, which in Africa can be attributed

to a variety of causes such as:

- A continued high degree of subsistence production with a low market
volume and therefore low capital income

Substantial yield fluctuations, possibly resulting from changing

climatic influences

Heavy traditional expenditure on non-agricultural items (e.g.

weddings, burials, etc.)

Little tendency to save (resulting in insufficient asset formation).
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The real problems involved in awarding credits often arise not in
determining the individual farms' c¢redit reguirements but rather
in institutional areas (unsuitable credit organization or sponsor,
insufficient liquidity, inefficient awarding and collection methods,
etc.).

Terms of repayment and credit periods must be determined on a case-
to-case basis and must be in line with the situation of the individ-
ual farms (see also Section 2.7.1). Inflationary “rends, poor repay-
ment rates and delays often mean that repaid credit amounts are not
sufficient to benefit the same number of borrowers as before, This
aspect must be given particular consideration on account of the heavy
investments - which are still rising - for draught animals and imple-

ments.

The possible means of promoting animal traction via credits and sub-

sidies comprise the following:

1) "Direct" credits, e.g. for purchasing draught animals and imple-

ments; these must be repaid within a specific period. The farmer
is in most cases given not the capital but only the equipment

(= credit in kind).

2) "Indirect" credits, e.g. through '"free" distribution of improved

seed for crops the cultivation of which is particularly suitable
for mechanization using draught animals. This may be combined
with the issuing of fertilizers and plant protection agents.Credit
repayments are usually collected upon sale of the produce if the
credit organization and the marketing company buying up the goods

are one and the same institution.

3) Subsidies, e.g. by means of government grants for the purchase
of expensive (possibly imported) animal-drawn implements and
draught animals or for local production of implements and tools.

2.6 Effects in the non-agricultural sector

Many African smallholdings have only limited opportunities for in-
creasing their agricultural income and are therefore increasingly
dependent on additional income from non-agricultural sources. Draught
animals can make a considerable contribution here, e.g. by performing

295




transport work outside the farm apainst payment (trips to the local
market; transporting firewood, dung or harvested produce; services
for local construction projects etc,), for in many parts of Africa,
particularly around villages, transportation in rural areas is s5till
based largely on human musclepower and 1t 1s usually the women and
children who are focreed to carry cut the heavy and time-consuming
work. Bearing this in mind, the reduction of physical exertion musi
be regarded as one particular advantage of animal traction,

Additional income can also be obtained by hiring out animals and/or

implements,

Tk

Fig. B/IV/4: The use of draught animals can substantially lighten the burden of
work placed on many women and children in the rual areas of Africa. 0ld pneumatic-
tyred car axles are highly suitable for use in caris wherever roads and Lracks are
already in existence. Harnessing of single animals, as is common praclice in scme
parts of Kenya, is an extremely suitable method for lighter transport work.

(Photo: Munzinger)

It is reported from the Iveory Coast (RUTHENBERG,H., 1%69) that owners
of draught animals have achieved annual subsidiary earnings of 300-
400 DM by means of ploughing or transport work away from theipr farm.
Similar findings have been produced in Mali (LAGEMARNN,J., 1977) and
Kenya.l) The additiocnal income of the draught-animal owners in areas
of Mali near to towns was estimated at 50 000 FM (Malian francs)
per year. Kenyan smallholders earn around 200 Kshs (Kenyan shillings)
per day from contract work such as ploughing, harrowing and ridging.

1) Author's own investigation in 1980,
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Attention has already been drawn te the importance of draught animals
in conveying water. Further improvements will undoubtedly be possible
in this area in the future with the aid of more modern capstans and
water scoops but animals will still be reqguired to provide the energy.
The related yield increases, production expansion or cost savings
must be examined systematically on a case-to-case basis and taken
into account in farm cost accounting. For many smallholders, owner-
ship of draught animals also involves a not inconsiderable gain in
status, i.e, a higher social standing. The scciological factor must
be borne in mind, narticularly when evaluating the improved adoption

of animal traction.

%‘MM AR

Fig., B/IV/5: Harnessing of several animals is common if sledges are to be used,
the latter being more suitable for transportation in areas lacking
good roads. In Zambia long distances to the markets are covered in
this way. {Photo: Fernsebner)

2.7 Methods of assessing the microeconomic effects ¢f animal traction

Microeconomic assessment as part of projest planning essentially

has the following aims:

a} Recording and evaluation of the actual situation on farms (= ex-
post analysis): This serves to ascertain the current economic
situation and pinpoint weak spots and bottlenecks which can be

overcome with the aid of suitable project measures.
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b) On a basis of a situation analysis: Farm planning (= ex-ante
analysig) taking into account possible changes on the farm, e.g.
higher level of mechanization, alternative production methods,

reduced labour input, increased land use etc.

A number of costing methods have been developed for farm assessment
(e.g. STEINHAUSER et.al., 1978). Net all of them can be put to prac-
tical use under the conditions prevailing in developing countries,
chiefly as a result of the shortage of data and its unreliability.

The most impeortant selection criterion for an evaluation method

should therefore be the purpose for which the information and per-

formance data to be ascertained are to be used. The methods set out

and discussed here are considered Lo be sufficient for microeconomic

assegsment of the use of animal traction.

In addition to other distinguishing features, farm accounting systems
are divided up into these calculations for specifiec parts of the
farm (individual production areas or crops) and calculations fer
the farm as a whole. Valuation methods for specific parts of the
farm are used principally to determine the profitability of individ-
ual crop-cultivation areas or methods of production with varying
types of equipment and degrees of expenditure. Costing systems for
the farm as a whole serve mainly to determine a farm's overall per-
formance over a period of time, the figures for the production
methods used in each case being added together. Such an analysis
forms the basis of farm planning.

For one part of a farm the aspect under investigation may, for ex-
ample, be the contribution to a change in yield within one area of
a farm which can be achieved by using draught animals and/or mineral
fertilizers. The profitability of using draught animals for a spe-
cific method of production is determined on the basis of the ratio
of potential yield increase to necessary expenditure. Thus, a form
of production may, for example, be characterized by relatively low
yields and the use of manual labour for all operations or by compara-
tively high yields and the use of mineral fertilizer and draught
animals.

2.7.1 Assessment of profitability

When assessing the profitability of a farm, a specific production
method or a -potential innovation it is generally assumed that the
farmers' efforts are aimed primarily at earning a sufficient income
and safeguarding the sources of this income.

The determination of profitability involves calculation metheds for
both individual areas of the farm and the farm as a whole.
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9.7.1.1 Methods for individual areas of a farm

a) COST COMPARISONS

A direct cost comparison between two or more types of production

1)

to the area used for production or the units of working time re-

relates the fixed and wvariable costs of the type in question

quired. When the various results are being described the perform-

ance level of the producticon methods in oo stion is largely ig-
nored and cost compariscns therefore have *ly a limited informa-
tion value as a comparison of metheds. ! view of the fact that
this procedure often requires only a m° "al amount of data and
calculation work it is most frequent! =d when a decision 1is
te be taken for or against the promos 2f a specific level of

agricultural mechanization.a)

Cost comparisons are truly meaning .. conly if the subject at issue
is the purchase or rental of a - 2ssary machine or if the deci-
sion to be taken is of a similar and equally simple nature and
has no particular effect on farm organization or profits, for
example if the topic is "sowing by hand or with a seed drill"
or "ploughing by a contracter or using the farm's own team of
oxen". Cost comparisons are therefore unsuitable for comparing
farms as a whele (e.g. "farm using manual labour" versus "farm
using draught oxen"), although they may - in the form of complete
cost accounting - contain all the cost factors involved in the

relevant levels of mechanization.

The principle of cost comparison will now be illustrated by an
example and the individual fixed and wvariable cost elements in-
veclved in the use of draught animals set out in brief in the form
of a table.

The following table giving the overall costs involved in the use
of draught animals (Table B/IV/6) can - in the form given here -

1) Costs (i.e. expenditure) are divided up into fixed (constant, planning-depend-
ent) coste and variable costs, The former are incurred by the farm irrespective
of the expansion or limitation of a production method (e.g. cost of purchasing
draught oxen and fodder etc,), while the latter are directly dependent on the
extent to which a production method is used.

2) Detailed instructions on grouping and calculation of costs and the profit-
ability of agricultural mechanization are given by ADELHELM,R./STECK,K., 1974,
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act as a basis for cost compariscons., A "pure" cost comparison
is in no way sufficient if different levels of mechanization are
to be compared; labour requirements and the respective crop-seascn
capacities of the various levels of mechanization must also be
taken into account. Different allecaticon of the cost components

may also be advisable in certain cases.

Example I Cost comparison between oxen and

simple tractors {Type TE, made by Bouyer)

The C.M.D.T. (= Companie Malienne pour le Développement
des Textiles) tested simple tractors on selected cotton
farms in the Koutiala regicn of Mali. The major criterion
for selecting farms to be included in the study - in
addition tc a minimum size of 15 hectares - was the condi-
tion that the farms should have sufficient experience
in the use of teams of oxen in order to guarantee a de-
finite possibility of comparison. In additiocn to the costs
involved in using the tractor or oxen the working hours
required per hectare for the various essential operations
(ploughing, hoeing, ridging) were also noted since the
total costs per hectare were to be ascertained to act

as a basis for comparison.
The calculation of the costs per hour of tractor use (in-

cluding the necessary detachable implements) covered the
individual costs specified in Table B/IV/7.
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TABLE B/IV/6: PLAN FOR DETERMINATION_OF TOTAL ANNUAL COSTS OF KEEPING DRAUGHT ANIMALS
WITH VARYING AMOUNTS OF USE (SITUATION IN MALL AS AN EXAMPLE)

AMOUNT OF USE (HOURS PER YEAR)D

LINE| COST FACTORS AND INDIVIDUAL COS'S VALUES
e B 500 750 1000
: 1. FIXED COSTS OF KEZPING DRAUGHT ANIMALS
1| PuRCHASE PiRiCE (PER PAIR OF DRAUGHT OXEN} 178 000 - : - - -
2| COSTS OF TRAINING DRAUGHT ANIMALS 10 000 - I - ! -
31 PURCHASE OF HARNESSES (CHAITNS. REINS £7TC.)2) | 12 000 £00 600 600 ' 600
W} RESfOUAL VALUE (SLAUGHTER VALUE) OF ¢) [
DRAUGHT ANIMALS 80 000 - - - i -
5%  WORKING LIFE OF DRAUGHT ANIMALS 5 vEARS - - - ' -
G| DEPRECIATION ON DRAUGHT ANImaLs (1+2-4):5 - 21 600 21 600 21 600 21 600
71 INTEREST TO BE CALCULATED ‘
(6% on 70 or Lings 14243) - 8 400 g 400 2 4 8 400
81 FIXED FODDER COSTS A) PASTURE - 5 400 5 (000 5 000 5 G
9 B} FOR FODDER GROWING - - - - -
10 C} FOR FODDER RECOVERY - - ! - - -
11| vETERiNARY cosTs 2 10 000 2000 2 000 2 000 2 000
12| HOUSING OF DRAUGHT AnIMALS O - - - - -
I3] CARE AND GTHER COSTS OF KEEPING

DRAUGHT ANIMALS 10 000 2 000 2 000 2 000 2 000
14| INSURANCE OF DRAUSHT ANIMALS ©) 12 000 2 400 2 500 2 400 2 400
15| TAXES AND OTHER CHARGES - 800 ) 800 800 800
167 MISCELLANEOUS FIXED COSTS - - - - -
17] 7OTAL FIXED COSTS OF KEEPING DRAUGHT ANIMALS - 47 800 42 800 42 8% 42 800
181 TOTAL FIXED COSTS EXCLUDING INTEREST

TO BE CALCULATED 34 400 34 400 34 400 34400

2. VARIABLE COSTS OF USING DRAUGHT ANIMALS
19| PERFORMANCE FODDER. MINERALS ETC. - 4 000 5 (00 & 000 7 000
20 | VARTABLE COSTS OF FODDER GROWING 4

{opPORTUNITY COSTS IF APPLICABLE) - - - - -
21| VARIABLE COSTS OF FODDER RECOVERY - - - - -
22| LABOUR COSTS (FOR PEQPLE TO LOOK 8)

AFTER AMIMALS) - 2500 5 000 7 500 10 000
73| MISCELLANEOUS VARTABLE COSTS - - - - -
24| INTEREST ON CIRCULATING cAPITAL (33) - 120 150 180 210
25| TOTAL VARIABLE COSTS 6 620 10 150 13 680 720
20 |  TOTAL COSTS GF KEEPING DRAUGHT ANIMALS - 4G 420 52 950 56 480 €0 010
27§ TOTAL COSTS EXCLUDING INTEREST - 40 900 W 40 47 300 51 400
28 | TOTAL COSTS PER HOUR OF USE - 198 106 75 €60

SCURCE: MODEL CALCULATION BASED ON SURVEYS 1n mALT Ry LAGEMANN (1977) anp HAUG (1979)

NOTES: SEE NEXT PAGE.




NOTES ON TABLE B/1V/b6:

1)

2)

3)

4)

5)

6)

7)

8)
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ALL FIGURES GIVEN IN MALIAN FRANCS (As oF 1979},
IT IS ASSUMED THAT THE HARNESSES WILL LAST ForR 20 YEARS.

RESIDUAL VALUE OF DRAUGHT ANIMALS IS LOW BECAUSE LOCAL DEALERS
FORCE DOWN THE PRICES. CAUTIOUS CALCULATION OF DEPRECIATION ALSO
APPEARED ADVISABLE IN VIEW OF THE RISK FACTORS (LOSS RATE FOR
DRAUGHT ANIMALS),

AS YET THERE 15 NO FODDER GROWING AND THEREFORE NO CORRESFONDING
COSTS. THE AMOUNT GIVEN FOR "CONTRACT GRAZING” 1S PAID DURING THE
DRY SEASON.

VETERINARY COSTS ARE HEAVILY SUBSIDIZED IN MALI., APPROX. 2 % OF
THE PURCHASE PRICE OF THE DRAUGHT ANIMALS CAN NORMALLY BE CON-
SIDERED AS AN APPROXIMATE FIGURE FOR THE ANNUAL COSTS.

HOUSING THE ANIMALS LEADS TO NO SPECIAL COSTS IN THIS CASE.

THE COSTS OF INSURING ANIMALS VARIES WIDELY. IN MALI IT AMOUNTED

T0 6000 FM PER ANIMAL INSURED (GROUP INSURANCE) IN THE FORM OF A

gINGLE PAYMENT, RESULTING IN 2400 FfM IF A TEAM IS USED FOR
YEARS,

10 FM/HOUR ARE TAKEN AS A BASIS FOR THE LABOUR COSTS INVOLVED IN
LOOKING AFTER THE ANIMALS SINCE SOME OF THESE COSTS ARE ALREADY
INCLUDED IN THE COSTS .FOR "CONTRACT GRAZING” (FIXED). A TOTAL OF
HALF AN HOUR PER ANIMAL PER DAY SHOULD BE TAKEN AS A GUIDELINE,




Table B/IV/7: Costs of machinery for motorized farming in Mali

INDIVIDUAL COSTS Tractor 2-furrow Crop-tend-| 3-row
plough ing imple- | sowing
ment machine
| Purchase price (FM) 2,457,000 | 247,500 270,000 174,000
Service life {years) 5 10 10 10
Cost of use (hours) 3 000 1 250 1 250 500
Repair costs as % of
purchase price 50 50 50 50
| Fixed costs: :
Depreciation/year 491,400 24,750 27,000 17,400
Accommodation, insurance 2) - - - -
Interest 3 73,710 | 7.425 8,100 5,220
Tctal fixed costs/year 565,110 32,175 35,100 22,620
Total fixed costs/hourﬂ) 942 257 281 452
(hours of use/year) 4) (600) {125) (125) (50)
. 5)
Variable costs:
Maintenance and repairs 410 99 108 87
Fuel, coolants and lubricants 318 - - -
Total variable costs/hour 728 99 108 87
Total costs/hour 1,670 356 389 539

Source: HAUG (1979); C.M.D.T. (1978)

Notes:

1) The total repair costs differ substantially from the values given

by the C.M.D.T. which took a figure of 150%. This seems to be too
high on account of the short service life of the tractor.

2) Accommodation and insurance were ignored.
3) Interest rate: 6 % of half of original value.

4) Fixed costs vary depending on degree to which machine capacity is
utilized (below depreciation threshold).

5) See C.M.D.T. report.
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Table B/IV/8: Comparison of costs involved in performing various jobs

using draught oxen or a tractor in Mali (in FM/hectare)

MOTORIZATION

TEAM OF DRAUGHT OXEN

|1, Proughing

1. Ploughing
Tractor costs/hour 1 670 Team costs/hour 106
Plough costs/hour . gzg Hours required/
hectare: 18
Hours required/ Teiran io‘l.sgglilectare: . 1 908
hectare: 6.2 i
Plough costs/hectare 1 011
Total cqsts per hectare 12 685 Total costs/hectare 2 919
2. Weeding 2. Weeding
Tractor costs/hour 1 670 Team costs/hour 106
Hoe costs/hour 389 Hours required/
2 059 hectare: 9
Team costs/hectare:
Hours required/ 9 x 106 = 954
hectare: 2 Costs for multi-purpose
implement/hectare 1 003
Total costs per hectare 4 118 Total costs/hectare 1 957
3. Ridgi 3. Ridging
Tractor costs/hour 1 670 Team costs/hour 106
Hoe costs/hour 389 Hours reguired/
5 059 hectare: 9
Team costs/hectare:
Hecurs required/ 9 x 106 = 954
hectare. 2.5 Costs for multi-purpose
implement/hectare 1 003
___Total costs per hectare 5_148 Total costs per hectare 1 957
Total costs of ploughing Total cost of ploughing
and tending 1 hectare and tending 1 hectare
{excluding labour costs) 21 951 {including labour costs) 6 833

Source: Author's own calculations based on Tables B/IV/6 and B/IV/7.

Remarks: The data given above are based in part on studies performed by the
Institut d'Economie Rurale du Mali. The daily working period of a

pair of oxen is estimated at 6 hours of effective work, i.e. excluding
travelling time to and from the field. There are no utilization costs
for the fodder areas since the animals are grazed on fallow land and

bushland.

The results of this comparative calculation simply show which form of
mechanization is the more cost-effective for performing certain jobs
under Malian conditions. Profitability calculations are necessary to

determine in more detail to what extent the increase in production

costs which mechanization entails is justified.
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b) DETERMINATION OF COMPETITIVENESS

Productivity and profitability calculation methods which, in ad-
dition to costs, also take into account the performance (i.e.
expenditure and earnings) of a certain area of production on a
farm,

1)

1)} Productivity calculation

This type of calculation investigates the productivity of using
a specific production factor (partial productivity). The yield
- expressed in kind or monetary units - produced during a spe-
cified period is divided by the production factor input re-
guired to obtain it. A distinction is therefore made between
the following terms:

Area productivity = yield measured in per ha of
kind (or monetary agricultural
units) area

Labour productivity = " per worker

Capital productivity = " per unit of

capital used

Changes in productivity can be used as indicators of the pro-
fitability of using draught animals if the corresponding sur-
veys and calculations are performed for methods with and with-

out the use of animal traction.

However, productivity changes may cccur as a result of changes
in the input ratio and their information value as indicators
of the profitability of using tractors is therefore limited.
Productivity is generally expressed not in terms of absolute

figures but rather as percentage changes.

2) Profitability calculation

In contrast to productivity calculations, this method is used
to determine the profitability of the means of production used,

The fact that production andgoods in this case are always evalu-
ated in monetary terms means that it is relatively easy to
apportion them provided that the market prices for the produc-
tion inputs used and the resulting products are known. In the

1) In French-speaking areas productivity calculations are often used as macroeco-
nomic plaming calculations,
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case of products with no market price (dung, non-marketable
harvest residues etc.) it is necessary to use internal farm

valuation criteria such as processing value, replacement value

"and'relative sale or purchase value.l)

Profitability calculations are divided up intc income-expendi-
~ture calculations and output-input calculations, the former
being .used chiefly for assessing the farm as a wheole. Whereas
income-expenditure calculations record the expenditure and
income during a specific period, output-input calculations
lead to item-specific comparison of the value of products and
the producticon inputs required to obtain them. Depending on
the way in which costs and output are covered a further dis-
tinction is made between the following two methods:

a) Complete costing all costs are apportioned to a cost
unit (i.e. a product or a production

method)

covers only part of the costs
(e.g. the proportional special costs)

b) Partial costing

1l

Complete costing is only partially suwitable for individual
areas of a farm since single production methods cannoct be con-
sidered in total isolation from other areas of the farm. Par-
tial costing methods, and in particular gross-margin calcula-
tion, permit this form of analysis.

3) Gross-margin calculation

Gross-margin calculation is the best method for making an econ-
omic comparison between various production methods, i.e., deter-
mining their competitiveness. It is not only an effective means

of evaluating the actual situation on the farm but also at
the same time forms the basis for overall farm planning calcu-
iations (see 2.7.2). The gross margin is formed by the market-

able output of the production method minus the related propor-
2)

tional special costs.

If production methods at different levels of mechanization
are to be assessed - e.g. '"rice-growing using manual labour"

and '"rice-growing using draught animals" - the proportional

1) For detailed calculation procedures see the relevant literature, e.g. in STEIN-
HAUSER et.al., 1978.
2) In contrast to the income-expenditure calculation for the farm as a whole it
mist be remembered here that
- byproducts (straw, fodder, dung) used on the farm are classified as output,
... If the items in question are significant they must be recorded and valued;
- production inputs, if generated on the farm (seed, fodder, dung), must be
regarded as costs;
- payable interest must be calculated for the circulating capital.
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special costs must in each case be increased by those of the

level of mechanization to be examined. The gross margin ascer-
tained then serves to cover the fixed costs and contains the
farm income (profit) on a proportional basis.

For precise determination of competitive yardsticks the demands
on the fixed production factors (e.g. labour, amount of arable
land etc.) imposed by the production methods to be covered
in the calculation must also be included, for as soon as a
scarce production factor is being fully utilized (e.g. as a
result of the farm's specific capacity) any further expansion
of the production method inh question will of necessity entail
the restriction of another method.

Example II

The example in Table B/IV/9 illustrates the situa-
tion. When used in practice the calculation method
should be modified to cater for requirements and

the actual situation.
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TABL

E B/IV/9: COEFFICIENTS (IN MONETARY UNITS AND IN KIND) OF GROSS-MARGIN CALCULATION FOR VARIOUS

MANUAL LABOUR )

pRAUGHT oxent)

L INE UNTT
N SESAME |7 RTCE GROUND -] SESAME] RICE GROUND~
i CROP 1 Ha NUTS NUTS
2 YIELDS JKG/HA 400 600 1 200 £00 1 200 | 1 400
2 PRICES F/KG 60 50 30 60 50 30
4  MARKETABLE OUTPUT: F/HA 24 000 |30 000 |36 000 |36 000 (60 0OC |42 QOO
5 OQUTPUT FOR USE ON FARM L STRAW STRAW/ STRAW STRAW STRAW STRAW/  [STRAW
HUSKS HUSK 5

B UTILIZATION: FERTILIZER + + + + + - -
7 FODDER FOR OXEW - - - + + +

PROPORT 1ONAL SPECIAL COSTS °)
2 SEED F/HA 1 080 3750 5 400 1 350 5 750 5 400
9 PLANT PROTECTIGN F/HA - - - - - -
10 MIMERAL FERTILIZER F/HA - - 1000 - - 1000
11 WAGES FOR HIRED LABOUR F - - - - - -
12 SPECIAL COSTS FOR DRAUGHT OXEN F/HA - - - Z 000 2 000 2 000
13 oTHERZ SPECIAL COSTS F/HA 175 175 250 175 350 250
14 INTEREST OM wWoRKING CAPITAL (57) £ 63 196 333 176 380 433
15 voTaL T 1318 4121 b 983 3701 7 980 9 083
10 GROSS MARGIN/HECTARE F 22 682 25 879 (29 017 |32 299 |52 G20 (32 917

FACTOR REQUIREMENTS -
17 LABDUR IN MAN-DAYS. TOTAL MAN-DAY 45,5 91 112 Gu.5 10y 106
i8 * ronom PETIOD | » - - 24 - - 14
13 o eer1op L oo - 41 17 - 25 g
20 - oo perlOn LT 37 2.5 - 37 25 30 27
2] LAND: NORMAL ARABLE LAND HA 1 - 1 1 - 1
22 SWAMPLAND HA - 1 1 -
23 GROSS MARGIN/HECTARE F/MaN-DAY 488 284 259 534 500 310

REQUIREMENTS IN TERMS OF

INDIVIDUAL OFPERAZLONS

TTOTAL _IN LINE 1/) MAN-DAY
24 LAND RECLAMATION/CLEARANCE 6 2 8 10 3 8
25 UPRODTING TREE STUMPS - - - - 3 3
20 HOEiING/PLOUGHING 7 35 30 3] 14 16
27 sOMING ? b 14 2.5 8 8
28 FIRST WEEDING 7 3 12 7 10 1?
29 FERTILIZING - - 1 - - 1
30 SECOND WEEDING - 5 - - B -
31 ainGiNg - - B - - 8
32 THIRD WEEDING - - 6 - - 6
33 CHEMICAL WEED CONTROL - - - - - -
34} HARVESTING 18 27 33 25 4 34
35 THRESHING 6.5 8 - 10 20 -

SOURCE ! MODEL COMPILATION BASED on OROSSER/PFCIFFER (1977/78), THE DATA ARE DASED ON SURVEYS MADE [N THE

8

{0TE

CENTRAL AFRICAN REPUDLIC,

5: 1) THE PART OF THE OUTPUT OF THE PRODUCTION METHODS SHOWN WHICH CAN BE USED ON THE FARM |5
NOT QUANTIFIED HERE, THE UNRELIABILITY OF THE DATA MAKES VALUATION DIFFICULT SINCE SEPARATE CALCULATIONS.
GEARED TO THE ACTUAL FORM OF USE (FERTILIZING VALUE OF STRAW. SALE OR PUNCHASE PRICE OF HARVEST RESIDUES

ETC.) WOULD DE NECESSARY,

2) THE PROPGRTIONAL SPECTAL COSTS GIVEN ARE CALCULATED USING THE PRODUCTLON INPUTS LSED AND THEIR CURRENT

PRICES,
7

—

REQUIRCMINTS IN TERMS OF THE PRODUCTION FACIOR "LARGUR" ARE GIVEN BOTH FON VARIOUS PERIOLS OF TIME AND IN-

BIVIDUAL OPERATIONS. THIS IS DONE ONLY TG ILLUSTRATE THE TWO POSSIBILITIES AS THE PROCESS CAN BE STMPLIF IED
IN PRACTICE, THE TABLE CLCARLY INDICATES THAT DRAUGHT OXEN REQUIRE LESS TIME FOR MUST OPERATIONS. EXCEPT
LAND RECLAMATION, CLUARANCE AND UPROOTING OF TREE STUMPS, SINCE THE FIFLDS MUST 3E BETTER PREPARED IF

DRAUGHT ANIMALS ARl LSED,

) CORRESPONDS N EACH CASE TG THE HIGHEST LEVEL FOUND [N THE REGION.




The example clearly shows that the gross margin is the vital cri-
terion for the competitiveness of individual production methods
and provides information on the advantagecusness of the methods
from the microeconomic point of view, as regards both the labour

)

conditions such as

1 . . Co
and land used,. Under certain circumstances, however, incidental

- utilization of the farm's own fodder;

- utilization of capacity of the farm's own labour force;
- use of available implements;

- minimization of operating risk etc.,

can also be used as yardsticks for competitiveness but cannot
be easily quantified,

Although comparing the gross margins of various production methods
at different levels of mechanization provides information on their
profitability, the relative advantage of one production method
over another may depend on additional factors which are nct in-
cluded in gross-margin calculation (e.g. capital expenditure on
investment, together with the related risk). In order to carry
out a comprehensive comparison of the profitability of various
alternative forms of mechanization, therefore, more detailed farm
analyses and planning are. required. Gross-margin calculation can

form the basis for this.

2.7.1.2 Methods for the farm as a whole

a) PROFIT AND LOSS ACCOQUNTING

The output-input calculation for the farm as a whole is essen-

tially based on "extrapolation", i.e. aggregating individual cal-

culations from various areas of the farm.

The overall gross margin (= comparative gross margin) for the
farm is established using the calculated gross margins of the
individual production methods. Following deduction of the fixed
operating costs (excluding interest, rent and wages) this yields

1)

If' corresponding information is available the gross margin can also be related
to other factors, e.g. the number of "team working hours" required or the
monetary unit invested.
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1)

the net farm income”’which can be used as the basis for determin-

ing further performance data. In farm management theory these
factors essentially differ in that thiey take wage expenditure,
interest and rents etc. into account i; different ways (see Table
B/IV/10),

The income-expenditure calculation is probably the mest common

‘method of evaluating the farm as a whole and compares all the
farm's expenditure and income within a specific period (e.g. a
production period or calendar year). Performance criteria are
here again derived from the net farm income, which covers the
cost of the production factors employed and can be individually
related to these (net farm income per hectare or per worker).
Extensive part-calculations are in some cases necessary to deter-

mine expenditure and income.

Calculation of the net farm income also has a certain degree of
importance from the macroeconomic point of view, since it largely
corresponds to the income in macroeconomic terms following addi-
tion of the taxes chargeable as expenses, other charges and state
prepayments (subsidies) which do not constitute operating expendi-
ture. From the point of view of animal traction this means that

the resulting change in net farm income provides a rough indica-

tion of the overall net product derived from the use of draught
animals (ABROMEIT, 1968),

1) Under African conditions the net farm income should be given preference over
the gross income as a criterion for profitability, since ascertainment of the
gross income is based on the "debt-free and rent-free fam", a term for micro-
economic calculation metheds only worthwhile under higher developed agriculture,
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Table B/IV/10: Performance criteria for farms and how to determine them

Line
1 FARM INCOME
derived from: a) Proceeds from the sale of products from arable
farming and animal hushandry
b) Value of changes in quantity of goods produced
on the fam (incl, livestock)
¢) Value of wages paid in kind
d) Value of withdrawals in kind
e) Miscellaneous (farm) ircome
2 ~ FARM EXPENDITURE
derived from: a) Expenditure on materials, livestock and
maintenance of durable goods
b} Value of changes in guantity of materials
c¢) Depreciation on durable goods
d} Expenditure on machines and services
e) Expenditure on taxes, rents etc.
f) Miscellaneous (farm) expenditure
3 = NET FARM INCOME
- Expendgiture on hired labour
- Expenditure on payable interest
4 = PROFIT
+ Non—agricultural income
+ Miscellaneous family income
5 = TOTAL INCOME
4] DOMESTIC WITHDRAWALS
derived from: a) Value of withdrawals in Kind
b} Cash withdrawals for household expenses
¢) Recurring traditional obligations
d) Expenditure on education and training
e) Private asset formation
) Miscellaneous withdrawals
g) Private taxes and charges
7 + Expenditure on payable interest
- ALLOWANCE FOR RISKS (or liquidity reserve)
8 = CAPITAL SERVICE LIMIT {permanent)
Depreciation (may be available)
- Current service of capital (for repayment, interest payable etc.)
9 = CAPITAL SERVICE LIMIT (current)
10 TOTAL INCOME
+ Depreciation (values used for calculation purposes)
- Investments (financed by profit and depreciation)
-~ Hepayments
- Personal taxes and charges
11 CONSUMABLE INCOME (- net cash income)

Source: Based on STRUBEL,H./PFEIFFER,J.: Unpublished manuscript for DSE {(German
Foundation for Developing Countries) seminar "Agrarkredit und Betriebspla-
nung” (Agricultural credits and farm planning); FELDAFING, August 1979.
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LIQUIDITY CALCULATIONS

Investigating the liquidity of a farm serves to estimate its sol-
vency, a factor which is of particular importance if innovations
in the area of production techniques are to be introduced with
the aid of credits, A liquidity check on farms should therefore
be made in particular as part of project planning (to act as a
safeguard for the project executing agency).

Liquidity 1s generally calculated by comparing inpayments and
outpayments and the process should take the form of a cash flow-
analysis covering several years. In many cases it is helpful to
draw up a farm financing schedule (DOPPLER,W., 1978).

The most important criterion for checking creditworthiness is

the so-called capital service limit (an example of how to deter-

mine this is given in Takble B/IV/10, lines 5-9}. This expresses
the maximum burden which can be imposed on a farm in terms of

repayments and interest.

A distinction is made between the permanent and current c¢apital
service limits. The latter 1s often used as a basis for decision-
making if a farm's short-term lack of capital resources can be
cempensated for by longer-term depreciation on capital goods
{= "stretching" of the capital service limit for calculatory pur-
poses).

An important factor in the calculation is formed by the reserves

which cover the risk of failed harvests, loss of draught animals
etc, (see also Section 2.7), The various domestic withdrawals
on the farm must also be taken into account; these are of particu-
lar importance 1if high traditional expenditure is anticipated
(paying for brides, funeral costs etc.).

The poor repayment rates encountered in projects involving credits
indicate that 1liquidity 1is apparently not one of the farmers'
major aims. In view of the fact that the "kind" and "cash" areas
are often still largely separated in developing countries with
a high degree of subsistence production the cash income is con-
sidered more important. Calculation of consumable income (= net

cash income) (see Table B/IV/10) must therefore be given priority

in farm analysis and planning.
Withdrawals in kind are freqguently difficult to record and value

and it is often necessary to use estimates, which should be as
accurate as possible.



2.7.2 Farm planning

The farm evaluation methods described so far are used primarily for
analysing the actual situation on farms; in part, however, they also
form the basis for farm planning (= calculation of optimum situation).
The objective of this planning is to determine the type of farm or-
ganization which, with the given production capacities, results in
the largest profit.

The most familiar types of planning calculations are budgeting, pro-

gramme planning and linear programming.

5.7,2.1 Budgetingl’

Budgeting is regarded as the simplest method and frequently involves
only a rough estimate of data, situations and changes concerrninrg
the farm, This method is therefore used only if few data are avail-

able or rapid results reguired.

The basic concept of budgeting involves the following stages in draw-

ing up a farm plan:

- Determination of the farm's capacities (land, Ilabour, machines,
buildings, rights etc.)

- Investigation and establishment of alternatives for land-based
and animal-based production (i.e, how many hectares of land, how
many animals etc.}, taking into account future developments rele-

vant to the farm (market sector, technical standard etc.)

- Production of the farm plan using various individual operating
plans (part-budgets) for the relevant areas of the farm. Actual
formulation of the farm plan (which in the long run will be near
enough optimum) takes the form of a continuous "“trial and error"
process and calls for quite a lot of experience and intuition on

the part of the planner,

1) Numerous work sheets and sets of forms are available for drawing up budgets
and have been modified according to the situation and its requirements. Those
given in the "Mémento de 1'Agronome" (Ministére de la Cooperation, France,
1974} are considered particularly suitable for West Africa.
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2.7.2.2 Programme planning

As in the case of budgeting, the aim of using programme planning
methods is to establish the optimum type of farm organization under
given conditions and with methods still to be introduced {(e.g. "in-
fcrease in production capacitites" or "use of draught animals"}. The
calculations are more extensive than those involved in budgeting
and entail the following steps:l}
a) Ascertainment and preparation of data base, together with analysis
of the actual situation on the farm.

b) Ascertainment of the farm's capacities (land, Jlabour, machines

ete.) for the planning period.

c) Establishment of the potential production methods and estimation
of their gross margins and requirements in terms of labour, land,

machines etc.

d) Aggregation of production methods (e.g."fodder growing" and'keeping
of draught animals").

e) Formulation of farm plans according to the criterion "utilization

of the scarcest production factor",

Additional profitability criteria can be derived {on a mcdel basis)
using the gross margins of production methods already in use or still
to be introduced. In developing countries programme planning is a

more sultable farm planning method than linear programming since it
- does nect require electronic data processing systems;

- is easier for the planner to understand, allows him a certain scope
for discretion and makes it possible to follow and reconstruct the

calculation procedure;

1) Based on DOPPLER,W. (1978), who illustrates the individual steps with the aid
of a simple example of the use of draught animals, and no further examples
will therefore be given here. In this comnection DOPPLER also refers to further
literature. The only investigations and farm planning concerning the use of
animal traction which employ the programme planning method and which were avail-
able to the author are those by GROSSER,E./PFEIFFER,J. (1977/78) which deal
with the Central African Republic, Following a detailed survey of selected
farms in the PAQUA region they compared the profitability of farms using manual
labour and farms using draught oxen., On the basis of the famms' capacities
in terms of agricultural land, labour and capital (need for credit) they de-
termined, at various levels of intensity, the types of farm to be regarded
as near enough optimum and at the same time performed profitability calcula-
tions. :
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- permits the correction of errors during calculation:

~ on the whole requires relatively little expenditure.

The linear programming method represents the farm as a series of
linear equation systems, giving the opportunity for simultaneous
planning approaches. In contrast to programme planning the production
methods are not competing consecutively but rather simultaneously
for scarce production factors, 1.e. all intra-farm relationships
are included simultaneously in the calculation. Linear programming
will not be discussed in detaillpere; the reader is referred to
further literature on the subject.

2.7.2.3 Consideration of risk and uncertainty aspects

The related operating risks and uncertainty factors must be taken
into account when farms are being planned and innoevations introduced.

Increased risks may, for example, result from the following factors:

- Yield fluctuation as a result of climate

- Major changes 1in the price of the goods produced and production
inputs used

~ Comparatively heavy investment in production inputs and/or capital
assets (including the purchase of draught animals, implements etc.)

~ Other causes attributable to framework conditions (e.g. high mor-
tality rate among working animals, insufficient fodder basis ete.).

Farm planning methods can take risk factors into account in a variety

of ways:

a) One extremely pragmatic method provides for comprehensive addi-
tions or deductions (c¢f. Table B/IV/10)}.

b) Provided that sufficient data are available a substantially more
accurate method involves calculations containing yield and/or
price wvariations; either the mean of the actual variations is
included in the calculation or several calculations are performed
using a range of different prices and yields. The effect of the
variations on the competitiveness of the production methods should
be determined in the case of both procedures.

c) If the risks are already reduced by means of corresponding insur-
ance (e.,g. covering the death of draught animals) the related

2)

costs should be directly included in the planning.

1) e.g. STEINHAUSER et.al., 1972, and theliterature referred to there.
2) The risk of premature loss of draught animals can also be included under de-
preciation in farm costing if no insurance policy hag been taken out,

315




d) Linear programming can take price and yield variations into account
within the model and special formulations have been developed
for this purpose but must be practically disregarded since 1t
is almost impossible 1o apply them under African conditions.

2.8. Conclusions derived from the microeconomic effects

From the micreoceconomic point of view there are essentially two
problem areas inveolved in the introduction or promeotion of animal

traction:

a) What form of technical progress - biological or mechanical -

should be given priority in development measures?

b) What level of mechanization, i.e. manual labour, animal traction
or tractors (up to full motorization), is economical and appropri-

ate to the situation on hand? With what degree of intensity is

P P e | 5 = -
e employed, i.e. only for

¥
tions/production methods or for the entire farm?

The examples given and the discussion of the productive capacity
of animal traction under African conditions permit only a few overall
conclusions., Actual planning requires mere detailed analyses and
it is important to make distinctions on the basis of the following
factors (see also checklist in Part A/Section 4.4):

- Production factors (labour, land and capital) availabkle on the
farms

-~ Size of farms {large, medium-sized or small)

- Production geared to subsistence or market crops

- Labour structure of farms (family labour or predominantly hired
labour)

- Availability of credits, agricultural extension services etc.
- Natural (i.e. particularly climatic and ecological) framework con-

ditions.

As regards the general possibilities for using animal traction in
Africa the effects discussed - above 2all in comparisorn with other

levels of mechanization - permit the following conclusions:



1)

2)

3)

In regions where relatively cheap labour, sufficient arable land
and suitable animals for draught work are available simultaneously
animal traction is often more economical in the long term than
"more advanced" Tforms of mechanization. In most cases the main
interest is expansion of a farm's capacity rather than intensifi-
cation of production. Comparatively high labour costs {resulting
from the scarcity of labour), financially sound farms with a pro-
nounced degree of market production, a good supply of agricultural
production inputs and sufficiently large farms, on the other hand,
favour tractor-based mechanization since under such conditions

this is often more economical and has a greater impact.

The advantage of tractors over draught animals is often founded
only in the opportunity which they offer for more rapid tillage
of the scil and is less marked in the case of crop tending and
harvesting. An increase in agricultural production by means of
measures aimed primarily at improving yields {(irrigation, improved
varieties, suitable cultivation technigues, use of fertilizers,
several harvests per year etc.) should be encouraged above all
in areas where land is scarce but labour in abundant supply. The
keeping of draught animals can only become significant if fodder
areas which cannot be used for any other purpose are available
or if sufficient quantities of harvest residues are produced which

can be used to feed draught animals.

In general, animal traction is primarily suitable for smallhold-
ings, since on medium-scale and large farms - even under African
conditions - efficiency criteria often point to tractor-based
mechanization, provided that the necessary framework conditions
(spare part supply, repair workshops etc.) are met. If these con-
ditions are not fulfilled draught animals may also become an
attractive prospect for medium-scale farms {(around 5-50 hectares)

depending on the competitiveness of the crops grown,

Pure subsistence production is in most cases econcmically reason-
able only at the manual-labour level. Aspects of mechanization
become increasingly important if there is a changecver to in-
creased cultivation of market crops unless permanent crops pro-
viding a high income and requiring considerable manual labour
are more competitive and thereby stabilize the manual-labour level.

Experience in Weast Africa has proved that given selective promo-
tion of market-crop cultivation, animal traction is the best form
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Fig. B/IV/6: Use of draught animals above single-farm level - as practised in some
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parts of Kenya - can become important wherever the holding structure
is characterized by smallholdings with a high proportion of permanent
crops (e.g. coffee, tea, bananas). The animals in a team are in most
cases privately owned. (Photo: Munzinger)

of mechanization on smallholdings and it was quickly adopted be-
cause the increase in the farms' market income justified the out-
lay.

Similar promotional approaches are also economically practical

for other parts of Africa.

The use of draught animals is relatively independent of the labour
structure of a farm. Its labour-saving advantages - over manual
labour - are smaller than theose of tractor-based mechanization.
A wvariety of additional jobs ccncerned with 1looking after the
animals must be carried out and on smallheoldings these are usually
performed by members of the family labour force. As a whole, there-
fore, the use of draught animals tends more to reduce the need
for outside or hired labour. Another reason why animal traction
should be promoted is the fact that the cut in labour requirements
means that the women can be relieved of the burden of having to
perform the heavy work and that child labour can be reduced (e.g.




5)

6)

8)

in transport work etc,), although this is not possible everywhere
to the same extent, experience having shown fthat the increase
in farm capacity accompanying the introduction of draught animals
results in additional burdens for the women who often have to
carry out harvest work. Tillage, however, is frequently the re-
sponsibility of the men, which is why draught animals are used

only for this purpose.

If possible, therefore, draught animals should be used for all

agricultural work and not just for parts of the farmwork.

For most African farmers easy access to adequate credits provided
on favourable terms is a prereguisite for the adoption of innova-
tions such as animal traction. This should also involve an agri-
cultural extension service, which should be as efficient and com-
prehensive as possibie, for only then will the farmers be able

to make profitable use of new techniqgues.

One important microeconomic advantage of animal traction which
should under no circumstances be ignored is that it provides the
opportunity to earn additional non-agricultural income relatively
easily and for many draught-animal owners it is only this which
makes animal traction profitable at all,

As far as the natural framework conditions are concerned, experi-
ence to date has revealed that

- 1t has been considerably easier to intrcduce draught animals
in semi-arid regions, where land clearance is less problematic
cn account of the natural vegetation and fairly light soils
are often found, than in rain forest areas with lush vegetation;

- although the problems of infectious diseases affecting both
man and animals (e.g. trypanosomiasis) have an inhibiting effect
on the use of draught animals, they can be solved through appro-
priate and specifically directed developmeht measures;

- it is only under extreme ecological conditions that animal trac-

tion cannot be introduced in any form.

In some parts of Africa today the local prices of animal-drawn
implements and draught animals - in comparison with tractors and
tractor-drawn machines as well as with regard to follbw-up costs
suggest, from the microeconomic point of view, that animal trac-
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tion should be used to a greater extent. As a result of the rising
energy prices this applies in particular to those African coun-
tries possessing few suitable raw materials or none at all. The
need to obtain more natural fertilizer - an area where the keeping
of draught animals can make a major contribution through the pro-
duction ¢f dung - additionally confirms these facts.

3. Macroeconomic assessment

In contrast to the assgsessment from the point of view of individual
farm management, the macroeconomic aspects of animal traction will
be discussed only in brief. Attention will be {ocused on the dis-
cussion of the potential macroeconomic effects of the use of draught
animals and these will be assessed from the point of view of the
contribution they can make to achieving the national economic targets
of developing African countries and the nature of the macroeccnomic

expenditure they cause (see also Diagram B/IV/1).

The most important macroeconomic assessment methods will be discussed
only briefly with regard to their applicability for agricultural

mechanization projects.

3.1 Macroeconomic targets concerning agricultural mechanization

It is well known that despite a high degree of correspondence, the
national economic targets of the developing countries and the develop-
ment policy objectives of the so-called "donor countries'" exhibit
a number of differences which repeatedly arise on account of the
rigid attitudes adopted by poliitical decision-makers on both sides.
As far as agricultural mechanization is concerned these differences
have a substantial influence on the decisions taken by local politi-
cians and help to explain certain misdirected developments in the
mechanization field. The private economic interests of the industrial-
ized nations are a factor which should not be ignored in this context.

The following list gives a number of macroeconomic targets specific
te developing countries and related to agricultural mechanization,
No distinction is made between economic and social targets or direct

and indirect ones:
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a) Paramount aims

- Independence in matters of foreign policy, i.e. largely in the
economic field (e.g. no dependence on machine imports)

- Continuous economic growth accompanied by =social adjustment
and an increase in self-sufficiency

b} Subsidiary aims

- Increase in the income of the farming population (e.g. with
the aid of efficient and appropriate agricultural mechanization)

- Increase in net value added (i.e. national income)

- Production increase in the agricultural sector to improve self-
sufficiency (possibly import substitution anc/or expansion of
exports)

- Maintaining of employment opportunities and creation of new
Jjobs in rural areas

- Squaring the balance of payments
- Improvement of income distribution among individuals and regions
as well as capital accumulation
These objectives listed by way of example may be oppesed by the in-
tentions of the donor countries (or private investors), such as
- opening-up and maintaining of markets for {agricultural) machines
and implements or

- general expansion of export possibilities ete.

which may cause or reinforce the above-mentioned differences in ob-

Jectives.

The essential task for planners of agricultural mechanization pro-
Jjects is therefore to carry out a situation analysis and determine
to what extent the national economic aims of the developing country

in question are identical with

a) the interest of the donor countries (or private organizations)
in terms of development policy and private economic concerns

b) the aims of the rural population or other target groups (interest
groups}), in which case regional distinctions must be drawn.

Only when fairly clear and unambiguous results are available on this

area which support one or more forms of agricultural mechanization,

on the basis of the identified framework ceonditions,is it practical

to plan suitable (and necessary) project measures,
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3.2 Macroeconomic effects of the use of draught animals

In the course of actual project planning a study of macroeconomic
effects of a form of agricultural mechanization is often possible
only as a comparison with other mechanization levels, i.e. the "“with/
without principle" must be used. This involves analysing the macro-

economic effects which will occur with the form of mechanization
under investigation and which effects will not occur without this
mechanization.

This often involves highly complex and interdependent relationships.
In order to make the situation clearer the effects of animal traction
will therefore be discussed in terms of the degree to which they

achieve macroeconomic targets, as given above.

In some places the effects of animal traction and those of tractor-

based technology will be compared.

3.2.1 National product (net value added)

The most important contributions made by agricultural mechanization
to the national product results from the increases in individual
farm incomes which themselves stem from increased vields, expansion
of farm capacity (including 1land reclamation) and additional off-
farm income etc. The wvalue is reduced above all by costs which must
be paid in advance (see Section 3.2.3) by the state (or the project
executing agency)to permit the introduction of this technology.

Methods for determining the contribution to the national preduct
(net value added) are described in Section 3.3. It is important that
when using the "extrapolation" method described there for microecon-
omic cost and income data, items such as interest, subsidies, com-
pensation payments and taxes are deducted from the total farm income
as "adjustment items".

A distinction can be made between net value added and gross value
added depending on the way in which prepayments, depreciation, in-
direct taxes and subsidies are treated.

Numerous local parameters determine the position occupied by animal
traction - on the basis of the national-product criterion - as re-
gards achievement of macroeconomic targets.l)
date in this area has indicated that under the smallholding-based

Experience gained to

1) See also Part A: "Framework conditions concerning the introduction and promotian
of the use of draught animals'. On the basis of the "national-product criterion!
the most advisable mechanization level from the eccnomic point of view is that
which - in absolute terms -~ makes the greatest contribution to increasing the
national income,
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conditions in Africa animal traction often

—~ clearly results in a higher national income (e.g. in Senegal, Mali,
Upper Volta) than is the case with manual labour unless the major-
ity of the crops grown require a great deal of manual labour and
simultaneously have a high degree of competitiveness (= high oppor-
tunity costs, e.g. in parts of Kenya)

~ also has advantages over tractors since the introduction of tractor-
based technology causes substantially higher overall economic costs,
particularly long-term follow-up costs,

If, however, certain resources {e.g. arable land, 1labour in rural
areas, suitable animals for draught work) are in relatively short
supply, the situation 1s considerably less favourable for animal
traction. Other agricultural technologies (e.g. use of small or two-
wheeled tractors) then often provide better opportunities for in-
creasing the naticonal income on account of their advantages for the
individual farms,

Taking into account the sometimes very strained financial situation
of many African countries, therefore, it must be determined whether
income growth rates 1like those achieved through the use of animal
traction could be attained by means of other project measures in
a way which is better for the overall econcmy, for as far as in-
creases in agricultural production are concerned '"biological/tech-
nical progress" {(based on improved seed, use of mineral fertilizer
etc.) is known to be more effective than ''mechanical/technical pro-
gress". The necessary expenditure on extension and training services
(time, costs ete.) for draught animal owners is, in relation to the
desired increase in income, in part substantially greater than that
required for comparable extension servicesdealing with more effi-
cient use of biological/technical innovations for farmers not owning

draught animals.

It must therefore be examined whether, from the macroeconomic point
of view, the use of animal traction represents the most econcmical
way of increasing the national preduct, and in particular whether
it guarantees optimum use of resources which may be in short supply.
It is impossible to give a generally valid answer to this question
and the topic must always be covered in the course of project assess-
ment,

3.2.2 Balance of payments

Macroeconomic assessment of a development project or promotion measure
must involve the examination of its short-, medium- and long-term
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effects on a country's balance of payments. This applies in particu-
lar if the country's balance of payments has been in the red for
some time,

If the effects of animal traction in this sphere are compared with
those of other levels of mechanization the related foreign-exchange
expenditure must be ascertained and set against the potential (or
anticipated) foreign-exchange earnings. The former are caused for
the most part by the import of necessary machines, implements, spare
rarts, fuel, coolants and lubricants etc., while the latter may re-
suvlt either from

- increase in exports of appropriate crops (minus any transport or

utilization costs) or from

— import substitution (= foreign-exchange savings: if there is farily
intense wuse of draught animals this applies in particular to
tractors and the related implements). '

Tt can generally be assumed that in the medium and long term animal
traction will be less of a burden on a country's balance of payments
than tractor-based technology. The latter has the largest foreign-
exchange requirements of all levels of agricultural mechanization
and not only causes high import costs at the time of investment but
also leads to relatively high follow-up costs and a high degree of
dependence as a result of the continuous need for spare parts, fuel,
coolants and Jubricants, advanced technical knowledge and so c©n.
The countries which will be particularly hit in the future are those
which do not have the necessary resources at their disposal.

Whether the form of mechanization chosen or to be introduced in an
actual case can ease the balance of payments depends in the long
term not only on the necessary foreign-exchange expenditure but above
all on the increases in the yields of export crops which can be
achieved with its introduction. As long as the country has sufficient
foreign exchange to import tractors and the related technology or
if it can obtain foreign exchange by menas of corresponding exports
(or possibly by borrowing) the utilization and spread of animal trac-
tion may be regarded as uneconomical. In view of the fact, however,
that most African countries are not in this happy position, draught
animals may becomeg still more important fer them in future. Agricul-
tural mechanization based on animal traction also considerably re-
duces dependence in matters of foreign policy.
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. 1

B/Iv/7: In Tanzania the government is also prometing use of draught oxen

T (National Oxenisation Programme) for the "Ujamaa villages'" which,
with their communal cultivaticon of the land, are in some cases com-
parable with large-scale farms. The decision to introduce draught
animals was boased on the desire to easse the balance of payments,
(Photo: GTZ Archives)

The examination and quantitive recording of the effects of mechaniza-
tion on a country's balance of payments fregquently involves problems
which may stem from a variety of causes and the information value
of such an assesszsment is therefore often somewhat limited.

When different levels of mechanization are being compared the net
foreign-exchange balances determined can be related either to the
individual farm (e.g. in US$ per cotton farm) or, in aggregated form,
to the project region or the entire country.

Inpayment and cutpayment flows should if possible be estimated in
the foarm of a "cash-flow analysis" for a lengthy period (around 10
years) in order to record long-term trends,

3,2,.3 Naticnal budget

Experience gained to date with development projects aimed at intro-
ducing or promoting animal traction have shown thalt such schemes
usually have a detrimental rather than a positive effect on the

budget of the country in guestion,

One way in which the use of animal traction eases Lthe budget may

be found, for example, in additional tax revenue which can be skimmed
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Fig. B/IV/8: If draught animals are used for commercial transport weork — as shown
here in the case of cotton marketing - it may certainly be practical
to impose a tax on the animals in order to provide the state with
additional revenue. (Photo: GTZ Archives)

off from the increased product earnings in the sectors preceding
and following agriculture, This aspect must not be overestimated,
however, since the effects cannot always be clearly attributed to
the use of draught animals.

Far more important than the benefits for the national budget in this
coritext are the strains impesed on it, i.e. costs resulting from
measures to promote the use of draught animals. These comprise in
particular the additional back-up or Iramework measures which are
necessary in order tao realize the projects and can often be financed
only with government (or external) aid.

Examples of such framework or preliminary contributions are given
below}JWhen a project is actually being planned they must be examined
and evaluated separately:

1) Establishment or expansion of an agricultural extension service

The additional training and permanent support of the extension
personnel (who may already be available) in matters concerning
the keeping and use of draught animals result in substantial costs
(sal?ries, accommodation, means of transport, teaching materials
ete.).

1) The points mentioned do not claim to be exhaustive and are not given in order
of importance.

326




2)

4)

5)

6)

7)

Credits and/or subsidy programmes

This type of financial burden, usually intended to provide draught
animals and implements for the farmers to be assisted, frequently
exceeds the available government finances. Mcreover, credit repay-
ments are often incomplete and - in many cases as a result of
inflationary trends - do not cover the new requirements. Additional
subsidies from government agencies are then necessary to compen-
sate for unfavourable price/cost ratios.

Expansion or establishment of veterinary services

In conjunction with any necessary epidemic control or inoculation
measures this area results in heavy expenditure for the state,
which may be increased still further by the need for special
schemes (e.g. to repel the tsetse-fly).

Promotion of local craft industries

rarticular importence must in general be attachied to lhis area.
Extensive financial assistance from the state is also necessary
in conjunction with the development of small-scale local indus-
tries for producing animal-drawn implements (and the relevant
spare parts).

Training centres

The necessary training centres require government support, whether
they are intended for the target group of the farmers themselves
or for extension workers and the like. It must be examined in
each case whether the training is to take place on a centralized
basis at one or more permanent training institutions or whether
"mobile training centres" should be set up.

Support of the local marketing and procurement system

This measure is particularly necessary 1f sale of the additional
produce is to be guaranteed in order to provide the farmers with
a sufficient income and give them an incentive. Closely linked
to this is the opportunity for on-schedule credit repayments.

This also applies to the provision of agricultural production in-
puts (fertilizers, chemicals, implements, spare parts etec.).

Improvement of the infrastructure

Animal traction in general does not place such heavy demands on
the infrastructure as tractor-based technology. In some cases
government support provides an incentive for self-help through
the construction of roads by the local labour force,

Special infrastructure measures necegsary for promoting animal
traction - in addition to those already described above - may
incliude the following:

- Sinking of wells to provide drinking water
- Drainage or irrigation measures

- Mechanical land clearance using tractors, focllowed by develop-
ment of a system of roads and paths

Erosion control measures,
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In order to keep the national-budget expenditure entailed in the
use of draught animals at a comparatively low level it has proved
advisable during promotion work to date to make animal traction one
element of an overall extension programme for the farmers. It is
thereby possible at the same time to instruct them on improved culti-
~vation techniques, the use of mineral fertilizers and plant protec-
tion agents and other subjects})The measures which agricultural ex-
tension theory refers to as '"package programmes'" appear tc be the
best and least expensive way of convincing African smallholders of

the advantages of draught animals.

When planning an actual project it is of course also necessary to
weigh up all the above-mentioned preliminary and framework measures
from the point of view of c¢ost and returns in comparison with other
potentially alternative forms of agricultural mechanization, for
from the macroeccnomic angle, and particularly as regards burdening
or easing of the national budget, it is only rarely practical to
give one single level of mechanization priority for every possible

size of farm or system of farm organization.

3.2.4 Employmentg)
A comparative assessment of the employment effects of agricultural
mechanization projects at various levels must consider the climatic

framework conditions and the existing population density as the most

important basic factors and these *two elements are in most cases
closely interrelated.

If the employment effect of animal traction and that of tractor-based
technology is analysed - in comparison with manual labour each time
with relatively 1little differentiation, it simply becomes apparent
that tractor-based technology usually releases far more labour than
the use of draught animals. However, this is not always the case
and when an actual project is being considered its indirect effects
on the job situation should be given particular consideration along-

side its effects on the preceding and subsequent sectors.

1) As is done, for example, in Tanzania as part of the Naticnal Oxenisation Pro-
grame or in Senegal, Mali, Cameroon and the Central African Republic, where
the C,F.D,T. (a French cotton production agency) in particular has developed
and - promoted this type of extension work (cf. also the country-by-country
tables in Part A).

2} In a macroeconomic assessment the "employment criterion' relates to the pro-
Ject's effect in terms of the creation (or reduction) of jobs., The total number
of additional jobs created or the amount of investment per job can thereby
beused as competition criteria in a comparison with other projects.
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YUDELMANN et.al. (1971} use a number of case studies to demonstrate
that the introduction of tractor-hbased technology has led to a dra-
matic reduction of. labour requirements in agriculture in some de-
veloping countries. However, they do not reject this type of mech-
anization on a general basis but instead propose "selective mechaniz-
ation", which in particular can overcome seasonal labour peaks with-
out releasing workers. "Selective mechanization™ is regarded as being
the "optimum" form which fully takes inte account the economic, tech-
nical, climatic and social framework conditions.

CARILLON/LE MOIGNE (197%) report that in Senegal, Mali, Cameroon
and Madagascar the use of draught oxen creates a relatively large
number of jobs, and not just in the agricultural sector. In these
countries the factor preventing still more marked employment effects
was usually the lack of suitable draught animals.

According to CLAYTON (1972) the use of draught oxen can also have
considerable detrimental effects on the employment situation as was
the case, for example, in Uganda, where animal traction was for a
time promoted as a form of mechanization requiring particularly
little capital. In the same article he cites examples of the success-
ful premotion of tractor-based technology which created additional
Jobs, mostly in the non-agricultural sector,

The numerous factors influencing the emplcyment effects of agricul-
tural mechanization make it impossible to select individual aspects
and consider them in isolation. A usable analysis must therefore

always include the related areas as well (cf. also e.g. FAO, 1975).

In relatively arid regions, which on account of their climate gener-

ally have a low population density and can often be used only for
extensive grazing (permanent arable farming being in most cases im-
possible)}, agricultural mechanization is of 1little importance. In
cases of need, however, tractor-based technology has advantages over
_draught animals in such areas on account of its greater impact and
efficiency in so-called "dryland farming". The employment effects
are nevertheless marginal in both cases.

If any irrigation measures are implementced animal traction may
achieve a certain degree of importance, particularly for smallholders
(operating water wheels, tillage etc.), although this applies only
if irrigated land already in short supply is not required for fodder
production. Motorization {(i.e. in this case the use of motor-driven
pumps, small tractors ete,), which under these conditions is often
the only way of permitting agriculture at all, has more positive
employment effects than the use of draught animals,
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In semi-arid regions of Africa, on the other hand, animal traction

can become still more important, particularly if in addition to good
arable land (with fairly 1light soils) sufficient pastureland is
available together with a supply of drinking water throughout the
year. Factors other than c¢limate and population density, such as
shortage of capital, lack of technical knowledge and an inadequate
infrastructure, have a far moreinhibiting effect on animal traction

in these areas.

Experience in semi-arid regions of West Africa has demonstrated that
the use of draught animals clearly has a positive effect on the de-
gree of employment of the rural population. The need to look after
the animals (feeding, care etc.) and maintain the implements (work
for the lcocal craft industries) not only safeguards jobs but in some
cases also creates new ones. This effect is reinforced by the oppor-
tunities for earning income outside agriculture.

In the more humid grass and tree savannah regions the population

density in relation to the available arable land (including potential
arable land) - and thus the possible competition between man and
draught animals - is a more important criterion in agricultural mech-
anization strategies. As long as sufficient arable land is available
to cope with the expansion of agricultural area which results from
mechanization all levels of mechanizaiion above the manual-labour
stage will to a certain extent have positive empleoyment effects.
Differences arise primarily as a result of the economic and political

framework conditionsg,

In tropical rain forest areas motorization has clear-cut advantages

over animal traction in terms of the safeguarding or creation of
jobs. In many cases animal traction is not sufficient for performing
the necessary land clearance work or tilling the predominantly heavy
soils found in such areas.

However, the two forms of mechanization can complement each other
in a practical manner if land clearance and initial tillage are per-
formed using tractors and sowing, crop tending and harvesting with
the aid of draught animals,

The relative wage level and the general wage trend are usually taken
a8 pointers for increased use of labour-saving agricultural tech-
nologies. This means that wherever wages are relatively high or are
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rising, hired labour is being replaced (in societies organized on
a private-enterprise basis) by capital, i.e. for the most part
machines and implements. This has only limited significance for the
mechanization level constituted by animal traction, since it is used
_above all on family farms and in many cases employs labour which
‘could still be replaced by "higher'" levels of mechanization,

When a project is actually being planned the anticipated employment
effects of alternative forms of mechanization must be subjected to
an "ex-ante" examination in as much detail as possible. Consideration
of the individual farms, on the basis of the labour peaks actu 1ly
occurring, may often be an additional aid. In most cases, however,
it is extremely difficult to quantify employment effects, particular-
ly in the sectors preceding and following agriculture,

3.2.5 Other macroeconcmic effects of animal tracticn

In addition to those already discussed other important macroeconomic
effects may result from the use of draught animals. These, however,
are of .a marginal nature and it may be a long time before they
materialize. For the most part they can only be roughly estimated

rather than quantified:

1) Improvement of regional and sectoral income distribution

" Changes in regional and sectoral income distribution result from
the effects in preceding and subsequent sectors, already referred
to several times {(causes: increase in range of products, market
intensification, involvement of 1local c¢raft industries etc.).
Certain problems may arise as regards income distribution, since
often it is only a few farmers who will benefit from this at the
start of a promotion scheme. These are mostly the wealthier or
better trained farmers, which means that there may be substantial
income variations to start with,

The greater the number of farmers assisted, the more positive
the effects on general income distribution which can be expected.

2) Increase in capital accumulation by the rural and farming

population

The contribution to capital and asset formation on assisted farms
chiefly takes the form of acquisition of draught animals and im-
plements. Although in most cases this effect can be achieved only
by means of appropriate support (credit, subsidies ete,) it should
under no circumstances be ignored since it forms the basis for
independent further development of the work started by the promo-
tion scheme,
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3) Improvement of the level of education

Specific training and advising of farmers on matters concerning
the keeping and use of draught animals, possibly combined with
general extension work, produces a certain improvement in the
general level of education.

4} Improvement of the food situation

Improved nutrition (and thus health improvement as well) is based
on the higher yield level which can be attained using animal trac-
tion and on the potential for diversifying farm production {vari-
ous crops, integration of livestock husbandry etc.).

3.3 Methods of assessing the macroeconomic effects of a project

The methods available for assessment of project approaches and effects
- in terms of the overall or regional economy - essentially comprise
three procedures which are also suitable for evaluating development
projects aimed at promoting agricultural mechanization (see also
RUTHENBERG,H., 1976 and GITTINGER, 1973).

1) The 'cost-effectiveness analysis" is mostly used wherever only

the costs of a project {or measure) are to be ascertained in mone-
tary terms with little or no consideration of output or benefits,
This is often the case when dealing with effects in the social
sphere, e.g. if the employment effects of a project measure and/or
indirect effects of extension work are to be set against the costs
which they causz. In "ex-ante" project planning using possible
project alte%Watives the '"degree of target achievement" is used
as an assessment criterion, The alternative which entails the
lowest macroeconomic costs in achieving the desired targets is
regarded as the best,

This method is only partially suitable for planning and evaluating
projects to promote animal traction; it can often be used only

for certain aspects of an overall scheme.

2) In a macroeconomic "cost-benefit analysis" the results achieved

on individual farms and the preject's planning data {cost and
benefits} are determined - or in some cases estimated - over a
period of time and taken as a basis for the assessment. The dif-
ference between the payment flows, i.e. the macroeconomic costs
and benefits determined, yields the project's contributicon to the
national income (net value added) as the most important yardstick
of success.

The evaluation criteria used in the cost-benefit analysis in the




narrower sense are the internalrate of return {on the funds used),

the capital value and/or the cost-benefit ratio. In addition to

the internal effects of the project external ones can also be
considered depending on the extent of the evaluation (RUTHENBERG,
1976}).

The internal effects of a project are based on the impact of the
actual project measures, e.g. the desired improvement of farm
incomes with the aid of appropriate mechanization and/or the
establishment and operation of project institutions. "External
effects, on the other hand, are to be found cutside the project,
e.g. in the sectors preceding and following agriculture. It may
be relatively difficult to make this distinction.

Working on the basis of profitability calculations for individual
farms, this evaluation method is used to determine macroceconomic
costs and benefits through "extrapclation" of the figures from
the microeconomic sector (see Table B/IV/ll).l)Problems may, how-

ever, arise through the need to include

- several production periods {or years} or
- various mechanization and yield levels, as well as in

- pricing.

Extensive preliminary calculations are usually necessary in prac-
tice, i.e. they must be substantially more differentiated and
comprehensive than those in the example given here.

In order to permit ascertainment of all costs entailed in setting
up and implementing the project these costs must be systematically
assigned to the areas of the project giving rise to them. Only
when this has been done in as much detail as possible can they
be set against the macroeconomic benefits resulting from the "“ex-

trapolation”" and the external effects of the project.

A value can be placed on the costs and benefits involved in the
following ways:

- According to LITTLE,I.M.D. and MIRRLEES,J.A., on the basis of
world market prices.

- Using the UNIDO method based on current domestic prices.

- Using the WORLD BANK method, on a combined basis of world market
prices and domestic prices.

1) This area cannot be discussed here in greater detail. Descriptive instructions

on use of this method are given, for example, by DOPPLER,E., (1978) and the
authors to whom he refers.
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The opportunities for using a macroeconomic cost-benefit analysis
are iargely limited to the examination of the economic effects
of a project. This type of analysis makes it possible - depending
on the quantifiability of the criteria for determining relative
advantages - to evaluate alternative forms of a project; if agri-
cultural mechanization is tc be promoted, therefore, this means
examining which form of mechanization is the best in economic
terms under the given conditions from the national point of view.

Despite the large amount of calculation work involved, based on
as broad a range of data as possible, the cost-benefit analysis
is the most suitable and informative method for macroeconomic

assessment.

3) A M"utility-value analysis'" also investigates the degree to which

the targets of planned and/or realized projects are achieved.
An attempt is made to include and evaluate (weight) all possible
targets and a utility-value matrix is formulated for this purpose,

This method is suitable for assessing agricultural mechanization
projects, particularly if the task is to investigate which form
of agricultural technology best achieves a wide variety of macro-
economic, regional and target group-specific objectives., The im-
portance of the utility-value analysis is increased by the oppor-
funities it offers for including targets in the social sphere
and those which cannot be quantified in monetary terms.l)

1) For a more detailed methodological description see GITTINGER, DOPPLER and
RUTHENBERG,

334




TABLE B/1V/11: THE PRINCIPLE OF "EXTRAPOLATION" FROM THE MICROECONOMIC T0O THE MACROCCONOMIC LEVEL ON THE

BASIS OF A THEQRETICAL COMPARISON DETMEFN THREE LLVELS OF MECHANIZATION
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" 1) Basep on DOPPLER, W, (1978}, "SINFUHRUNG IN DIE PROJEKTPLANUNG UND PROJEKTBEURTE ILUNG”

2} NUMEROUS INDIVIDUAL ITEMS MAY BE REGUIRED AS AD USTMENT FACTORS [N ACTUAL PRACTICE BUT ONLY TWO ARE GIVEM HERE [N THE TNTEREST
OF SIPLIFICATION, LI DATA AND ASSUMPTIONS GIVEN MUST BE DETERMINED OR CALCULATED 1N DETADL WHEN USING THIS SYSTEM,

a) M = wanua, LaBouR: AT = aptmal TRACTION: T = Tractoas: Ml = Mongrazy Units,

B) To SIMPLIFY MATTERS OlLY ONE MARKET CROP IS CONSIDERED, ALTHOUGH SEVERAL CAN BE [NCLUDED N PRACTICE. [T [S ASSUMED THAY YIELDS
ACHIEVED WITH MANUAL LABOUR REMAIN CONSTANT. THAT THOSE ATTAINED USING ANIMAL TRACTION RISE By APPROX. 107 PER YEAR WITHIN 5
YEARS (EFFECT OF DUNGY AND THOSE ACKIEVED USING TRACTORS BY OMLY ARGUND 5% (N0 ORGANIC FERTI IZER).
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F) E.6, _SUBSIDMES FOR PRODUCTICN INPUTS, GIVEN HERE AS 2 MU/HECTARE OF CROP AREA (FOR MACHINE STATIGNS) IN THE CASE OF TRACTOR USE
AND S MU/HECTARE IN THE CASE OF ANIMAL TRACTION, SINCE [T IS ASSUMED THAT THE LATTER TECHNOLOGY 1$ GIVEN PARTICULAR SUPPORT ON
ACCOUNT OF TS MICROECONOMIC ADVANTAGES FOR INDIVIDUAL FARMS,

6) ON THE BASIS OF THE ASSUMPTION MADE HERE ANIMAL TRACTION PRODUCES A HIGHER MACROECONOMIC INCOME THAN MANUAL LABOUR AS EARLY AS
THE THIRD YEAR, WHEREAS THIS DOES NOT OCCUR UNTIL THE FIFTH YEAR [F TRACTORS ARE USED.

H) THE SURPLUS [NCOME GIVEM IN LINE 9, SUPPLEMENTED BY ANY |NCOME RESULTING FROM THE (NDIRECT OR EXTERNAL EFFECTS OF THE PROJECT,
CAN NOW BE SET AGAINST THE MODEL TOTAL OF THE (PROJECT) COSTS FOR EACH MECHANIZATION LEVEL [N THE COURSE OF A MACROECONOMIC
COST-BENEF [T ANALYS!S.
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4. Conclusions

Smallholdings will in the long term continue to be the predominant
type of farm in the majority of developing African nations. The pro-
blems - which have already been repeatedly referred to - of providing
sufficient energy sources for tractor-based agricultural mechaniza-
tion, coupled with the related logistic problems, mean that there
is a certain need te give increased promotion to animal traction
as the more appropriate form of mechanization. The examples given
show that the use of draught animals is a suitable means for in-
creasing agricultural production from both the microeconomic and
macroeconomic points of view., Besides this contribution to the over-
all economic objectives of most African countries it can provide
substantial help in achieving other macroeconomic targets, as has
been briefly described under the individual assessment criteria.

However, the current shortage of empirical data (research findings,
studies etc.), particularly on the macroeconomic classification of
animal traction in comparison with other forms of mechanization -
may as a result of the latest energy price developments, lead to
certain incorrect estimations. The majority of the findings available
s0 far are already outdated as a result of the changed situation;
new research in this area - if possible of a highly empirical nature -
is therefore necessary and will undoubtedly call for different

assessment criteria from those used previously.

Apprepriate forms of agricultural mechanization - and animal traction
must be placed in this category for much of Africa - must take into
account all the technical, economic and social conditions of the
situation in which they are to be used. When the opportunities for
using draught animals are being investigated, therefore, all im-
portant parameters and framework conditions (see Part A) should be
analysed and considered during project planning, despite the highly

complex and interdependent relationships among them.l)

Appropriate promotion measures should not be initiated until this
work is largely completed and the results obtained permit decisions
to be taken in favour of one form of mechanization or another.

1) The ‘'checklist" given in Part A, Section 4.4 of this handbook can be used as
a basis.
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The introduction or promotion of animal traction should be started
or.y in regions where

- the specific framework conditions favour this;

- competitive advantages over other forms of mechanization can be
determined at individual-farm level and it 1is likely that the
farmers will be prepared to adopt the technigque on account of the
social and economic conditions;

-.the macroeconomic assessment criteria speak more strongly in favour
of animal traction than other forms of mechanization.

With regard to the last-mentioned aspect it is essential above all
that there should be complete agreement among ail the political de-
cigion-makers invelved in the country in question. In this connection
it would be desirable if all the donor countries' activities in the
area of agricultural mechanization could be coordinated to a very
large extent in order to permit the introduction of a mechanization
strategy which is as uniform and appropriate as possible,
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1. Preliminary remarks

The aim of this section is to supplement the technical aspects of
animal traction described in Part B and give a survey of the most
important sociological factors involved in the promotion of animal
traction on African smalliholdings.

This intention is confronted with the basic problem that there are
very few systematically collected and examined empirical data on
the numerous social aspects of the use of draught animals in an
African context. This can be attributed to the fact that animal-trac-
tion projects have frequently been dominated by factual knowledge
in the fields of agricultural engineering and agricultural economics,
with the result that under these circumstances systematic recording
of social factors and analysis of their influence on animal-traction
projects was possible only in rudimentary form., In feasibility
studies, project evaluations and the like, therefore, sociological
data on the use of draught animals often only take the form of mar-
ginal notes and in most cases cannot be generalized beyond their
immediate loc¢al or regional context.

Moreover, it is noticeable that even in the academic field of social
research there has to date been little interest in agricultural mech-
anization schemes in general and animal-tractioh projects in particu-
lar, so that these circles have also failed so far to make much
effort to remedy the existing shortage of information.

In view of the lack of data the following approach was chosen for
this section:

The first part describes the essential sociological features of
African smallholders in terms of their relevance to the use of
draught animals. This will be illustrated by examples as far as the
avalilable data permit.

Following this description of the general characteristics of the
social environment in which animal-traction projects are required
to operate, the gecond part of this section formulates criteria for
the implementation of projects aimed at promoting the use of draught
animals. It is implied that the greater the extent to which these
criteria can be met in the course of project implementation, the
more likely it 1is that the innovation will be adopted by target
groups to which the features described in the first part apply.

The most important findings of this section were finally compiled
to form the '"checklist" set out and briefly discussed in Part A of
this handbook (see Section A/4.4),
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2. Social characteristics of African smallholders

2.1 Social division of labour and cultural identity

One of the most prominent features of traditional African agriculture
is its often very rigid separation of arable farming and livestock
husbandry. Mixed farming of the type familiar in Europe is only wide-
spread in places where it was introduced or forced onto the African
continent from outside as a result of European colonialism. The trai-
itional form cof social division of labour between the subsistenco
farmers earning a living from crop growing and the nomads with a
livelihood based on stock breeding must be regarded as an optimum
method - developed over the course of time - for using available
rescurces under given ecological conditions, It is therefore deter-
mined to only a small extent by market conditions, being influenced
more by natural factors such as climatic conditions, particularly
amount of rainfall and guarantee of precipitation, together with
the amount of family Ilabour available and - for the nomads - the
fertility cof the herds.

The fact that the twe types of production are seldom or never found
in an integrated form can be initially ascribed to environmental
conditions such as climate, vegetation and amcunt of rainfall, which
often mean that only one of the two forms is practicable at all in
the long run. In parts of Africa where both forms would be possible
from the point of view of ecological conditions, the separation can
be explained by the fact that, on the one hand, clearly defined rainy
and dry seasons, together with the plants' correlated growth and
stagnation period, mean that stock breeding is possible only on an
extensive nomadic basis. On the other hand, the seasonal nature of
crop growth leads to marked seasonal labour peaks in arable farming
which, given the predominantly low standard of agricultural means
of production, require the entire family labour capacity, so that
there is not enough time left for the keeping of hesavy livestock
and the resulting lengthy treks to pastures and waterholes. The owher—
ship of livestock, particularly cattle, 1is therefore limited for
the most part to farmers possessing a high status whoe have at their
disposal a potential labour supply greater than that required for
direct reproduction.

Under certain conditions, therefore, it is above all the 1limited
nature of the "labour" factor which forces the population living
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under traditional conditions to devote more or less exclusive atten-
tion to one of the two sectors of production. The remarkable rigid
form taken by traditional social division of labour is thus attribu-
table in the long run to the fact that it represents a reaction to
natural production conditions which are almost impossible to influ-
ence using conventional means.

The rigidity of the social division of labour resulting from the
dependence of agricultural production on natural conditions is in-
creased still further by the fact that in the African context differ-
ent basic forms of production usually correspond to ethnic differ-
ences and thus to varying languages, myths, rituals, ideclogies and
lifeotyles:

"Ltagriculture etl'&levage des bovins ne sont pas deux profess-
ions agricoles, mais deux modes de vie de }'homme africain."
(CASSE et.al., 1965)

The different types of production and lifestyles correspond at the
psychological level to different sociocultural identities. The change-
over from one area of production to the other is therefore not only
determined by access to specific resources {land, livestock etc.)
but also simultaneously necessitates giving up a specific sociocul-

tural identity in favour of a different one,

HAALAND (1972) has described this phenomenon, taking as his example
the interaction in the western Sudan between the crop-growing Fur
and the nomadic Baggara.

Like most African smallholders the Fur use any surplus agricultural
income to invest in livesteck, particularly cattle. Due to environ-
mental conditions, the cattle must be entrusted to the Baggara nomads
during the dry season, who take them on their treks together with
their own herds. The specific contract conditions, however, result
in reducing the utility value of the animals for the Fur, while in-
creasing the risk of loss at the same time, since the Baggara keep
the milk produced by the cows as a kind of wage for looking after
the animals but assume no responsibility for losses. One way of
solving this dilemma would be for the Fur farmers to migrate them-
selves once their herds reach a certain size (around 7-10 cows),
initially only during the dry season, and, after the herd increased,
to change over completely to the nomadic mode of production and life-
style.

This occurs once the herd comprises around 20-25 cows and the change-
over simultaneously involves a change of identity:

"The style of life associated with cultivation is categorized
as Fur, the pastoral way of life as Baggara. By practising
nomadism, persons perform an activity that identifies them as
Baggara. A Fur is thus categorized as a Baggara the day he
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leaves the village and migrates with his cattle. (...} In other
words, he is ascribed Baggara identity the day he goes to camp."
(HAALAND, 1972:164)

The important feature here is that the change of identity is not
simply an individual psychological process but rather that the Fur
farmer is ascribed a different identity as soon as he adopts a dif-
ferent production strategy; or, in other words, he maintains his
0ld sociocultural identity precisely because he does not adopt cer-
tain production strategies, no matter how practical these might seem
from the technical or economic angle. This can be 1llustrated by
two of HAALAND'S examples:

Th2 Fur regard milking cows as women's work and it is considered
shameful for men to perform it. Once Fur start to migrate, hcwever,
the cows are milked by both men and women, as is the case with the
Baggara, without this being regarded as a disgrace.

"A Fur from the village does not consider it shameful for a
nomadized Fur to milk because the nomad is considered to be
in a category to which Fur standards are not applied." (HAALAND,
1972:164)

Once a Fur returns and resettles in the village, however, his ident-
ity changes apgain: Fur men no longer milk the cows, for this would
be regarded as shameful and would be sanctioned accordingly.

The second example directly concerns the subject of this study. The
Baggara, as one of the nomadic cattle-owning tribes in Africa, use
oxen for riding and for transport purposes. The possibility of using
oxen as beasts of burden and for riding, together with the resulting
advantages in the form of facilitation of work and time savings on
necessary transportation jobs, is also familiar to many other ethnic
groups far beyond the direct migration area of the Baggara. This
method is nevertheless employed only by the Baggara since the use
of oxen for transport purposes is a major feature of the Baggara
identity. A Fur will therefore use oxen for transport woerk only when
he starts to migrate with his herd and is thus ascribed Baggara
identity. Once he returns to the village and resumes arable farming
he will no longer use his oxen as beasts of burden, even though he
did so previously and thereby experienced at first hand the practical
benefits of this method.

These examples demonstrate that in the African context production

methods - or, in more general terms, technoleogies - are not neutral

with respect to existing cultures and values, but are perceived as

features of a specific ethnic or sociocultural identity. Adoption

of such '"new" methods, as it were, therefore requires not only a
decision motivated by considerations relating to economics or produc-
tion strategy but also a change of identity which often entails a
change in social relations and lifestyle. [t alsc becomes apparent
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that the system described can have a substantial inhibiting effect
on the flow of innovations between various ethnic groups. HAALAND
assumes that the mechanisms described do not just represent a local
phenomenon in the western Sudan but that his observations are also
valid for other parts of Africa with similar ecological conditions.

I observed a similar phenomenon in a Zigua village in Handeni
district, Tanzania, in early 1980, During our visit a number of Zigua
farmers complained that the village's only watering place was several
kilometres away and that substantial time and effort were required
to fetch water each day. This village is located on the edge of the
Masai Steppe and there is therefore frequent contact with the Masai,
The Masai use donkeys for transport work such as fetching water and
everyone in the wvillage is familiar with the advantages of this
method from first-hand observation. Although the majority of the
Zigua farmers would certainly be able to keep a donkey, all those
questioned replied that they could not use donkeys tc fetch water
since only the Masai did this. Use of donkeys for transpcrt purposes
is indeed an important and well-known feature of the Masal identity
and the only sclution to the dilemma which the Zigua farmers could
visualize was that the government should lay a water pipe to the
village or sink a well there (LINK/KALB, 1980).

This example shows that the above-mentioned association of apparently
neutral production methods with a specific ethnic or cultural ident-
ity can also relate to animal traction, because the use of draught
animals is not Just an innovation in the sense of the introduction
of more productive agricultural implements, but alsc involves a
change in the use of traditional resources in the form of livestock.
It is therefore likely that certain aspects concerning the animals,
such as the above-mentioned use for transport purposes, or specific
forms of livestock-keeping (Kkraals}, care, feeding etc. are simulta-
neously identity features of a specific ethnic group. There is always
a risk that this will hinder adoption of the technique if the group
in question is not identical with the target group.

The possibility of this constraint to adoption of the techniques mustbe

investigated during the planning phase of a project aimed at pro-

moting or introducing the use of draught animals, and this is often

time~consuming and expensive. The most prominent 1dentity features

can often be established by means of simple surveys, since they are

known far beyond the immediate area populated by an ethnic group.

In the Sudan, for example, I discovered that the "oxen used for trans-
port = Baggara'" identity link is made even by North Sudanese tribes,

some of whom live over a thousand kilometres away. The same applies

to the above-mentioned identity link ‘'donkeys used for transport
= Masai'" in Tanzania.

This rough clarification of the situation can never preclude the
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possibility, however, that a constraint to adoption of technique
- as described above - may occur during specific phases of project
implementation. A more detailed socioclogical and/or ethnological
analysis will become necessary then at the very latest.

2.2 Social stratification

Originally, social stratification in the traditional iscolated sub-
sistence sector was not very marked, the predominance of subsistence
farming permitting only a limited agricultural surplus., The differ-
ences in the amount of surplus production available per production
unit are attributed chiefly to the varying effects of natural factors
in individual cases, e.g, growlh of the family, disease, failed or
particularly good harvests. Moreover, differences in terms of access
to land were for the most part evened out by shifting cultivation
and the effects of ecological factors (e.g. soil fertility) thus
ironed out in the course of time for the individual producers. Social
redistribution mechanisms were alsc still in existence which, for
instance, imposed on thewealthier members of a society the obligation
to be particularly hospitable, to look after the poor, %o organize
festivities etc. All these factors counteracted the development of

marked social stratification under traditional production conditions.

During colonial days, however, the traditional system was integrated
into a new market-oriented economic system. The increase in market
production and the creation of earning opportunities outside the
farm sector (colonial administration, commerce, crafts etc.) gave
rise to previously unknown possibilities for increasing individual
accumulation potential. In many cases the colonial governments also
created differences in terms of access to these new resources - and
often to traditional ones as well - by making this access conditional
upon certain requirements such as education, religion or political
beliefs. The social distinctions in the subsistence sector therefore
increased as the sector was integrated into the colonial system,
This trend continued even after decolonization, often ag a result
of both national and international economic and development policy.
Nowadays, therefore, even in the subsisternce sector with its appar-
ently uniform social structure, one is likely to find more or less
marked social stratification, except perhaps in extremely remote
areas where the original form of shifting cultivation is still prac-
tised,
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Differences in socioeconomic status in the African smallholauing sec-

tor are largely characterized by the uneven distribution of the fol-

lowing factors:

1)

3}

4)

Ownership of livestock, particularly cattle: Under traditional

conditions livestock and above all cattle are one of the main
targets for the investment of surpluses. Possession of a number
of cattle therefore always indicates that a farmer produces regu-
lar surpluses. The fact that ownership of cattle is often unevenly
distributed, i.e. often only a minority in a village will own
cattle, means that this is usually a good indicater of socicecon-
omic status.

Above-average Jlabour supply per production cell: This means that

the production wunit with higher status (e.g. the family) has a
larger labour force available than the average. This advantage
stems from two causes. Firstly, there may be more family labour
available because the farmer has two or more wives. In view of
the fact that in Africa a price must be paid for a wife, e.g.
in the form of cattle, every marriage requires the accumulation

of surplus beforehand,

Another way of increasing the potential labour force is to employ
hired labourers, usually on & seasonal basis. This also calls
for surplus production on the part of the employer and today this
must be available - at least in part - in the form of cash. On
smallholdings, therefore, c¢ontinucus hiring of labour is also

an effective indicator of a high sccioeconomic status.

Cultivation of more land than the average: With the given standard

of the production inputs {(and even with partial mechanization)
cultivation of a larger area than the average always reguires
that a larger labour force than the average should also be avail-
able, be it in the form of increased family labour, hired labour

or a combination of the two.

Access to non-agricultural sources of income: Access to additional

non-agricultural sources of income {(e.g. trade, crafts, paid ad-
minigtrative functions etc¢.) leads to a regular cash income which
can be wholly or partially invested in agriculture, e.g. for
hiring labourers or purchasing additional cattle. Access to such
sources of income is alsc subject to certain prerequisites: trade
requires prior accumulation of a certain minimum amount of capital;
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craft calls for special qualifications and surplus income for
the purchase of tools, raw materials and so on; execution of paid
administrative work necegsitates a certain standard of education
and often also the right contacts.

The four types of resources described here are mutually transformable,
i.e. having one of them available facilitates access to another,
thereby speeding up the accumulation process, A farmer possessing
a high socioceconomic status in the sense of having one or more of
these resources at his disposal is therefore in a better position
than the average, from the point of view of production strategy,
and this has a particular effect in times of crisis. SUMRA (1975:152)
illustrates this by taking the ownership of cattle as an example:
"People with fewer cattle may find themselves with no cattle
after food shortages, but people with more cattle may even
be in a position to buy more cattle., The process continues
whereby a person with more cattle grows richer while at the
same btime a peasant with no other source of income but his
land finds he has no alternative but to sell his labour."
Social stratification thus occurs as the result of a process during
which one group of individuals within a sccial unit succeeds in accu-
mulating the strategical advantages of the use of a variety of re-
sources, while the majority of individuals are not permitted access

to these resocources.

Analysis of the degree of social stratification in a specific social
unit and identification of the various status groups are important
when agricultural innovations are to be introduced because the econ-
omic gap between high and low status groups also takes the form of
a social gap which, according to SCHONHERR (1975:246 ff.), prevents
the spread of inn&%ations if these are introduced wvia the higher

status group.

A social gap expressés itself in thne form of a lack of communication
between wealthier farmers and those with an average or low status.
So-called M"elite" farmers are seldom motivated to tell average
farmers about new techniques, while the latter are seldom able to
overcome this gap through their own initiative. The fact that agri-
cultural innovations like the animal traction under discussion here
are usually complex means that they cannot simply be adopted on the
basis of observation. The existence of a communication gap may thus
“hamper the spread of a technique 1if the innovation is introduced
via "elite" farmers.
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A social gap also means that the average farmer has considerable

difficulty in identifying with the "elite" farmers. Average farmers

usually know that their wealthier colleagues have a sound financial

basis and can therefore experiment. Moreover, better-off farmers

mostly have the contacts necessary to enable them to obtain inputs,

credits and advice, while the situation of the average farmers is
. precisely the opposite.

" "The activities of the elite in the area of agriculture are
often of no interest to the non-progressive iarmers, who find
it impossible to identify with this elite”. (SCHONHERR, 1975:247)
Experience with draught-oxen projects in Africa has proved that such
projects do indeed have little broad-based effect if they are initi-

ated via the high-status group.l)

The likelihood of achieving optimum
spreading of an innovation therefore increases if it is introduced
via the average farmers. The conditions for this type of approach
iﬁ animal-traction projects are described elsewhere in this section

of the handbook.

2.3 Family division of labour

In African subsistence farming the family forms the direct unit of
production and reproduction., The main criteria used to distribute
the necessary work among the members of the production cell are age
and sex. In a large family a third criterion may be specialization
on the basis of individual skills. The actual way in which family
labour is distributed among the various productive and reproductive
processes varies considerably according to ethnic, cultural, ecologi-
cal and geographical factors. For the majority of African countries,
however, particularly south of the Sahara, the following model is

probably valid:z)

1) cf. in particular METTRICK,1977, for Gambia and GROSSER/PFEIFFER et.al., 1977/
78, for the then Central African Empire.

2) This does not apply, for example, to a number of societies in North and East
Africa like that in the Sudan. Here, married women do not work in the fields
but simply do housework as well as handicrafts producing goods for sale (em-
broidery, basket-weaving etc.), The field work is solely the concern of the
men, In the case of northern Sudan this situation is hased on the Islamic norm
that marriageable women must remain excluded from public life, i.e. from produc-
tion as well insofar as it has to take place outside the boundaries of the
home (for details cf. O'BRIEN,1978). However, the Islamic religion is not a
sufficient criterion for explaining this rigid sex-specific division of domestic
production and other types, for there are mumerous Islamic sccieties, particu-
larly in the Sahel zone, where such a system is unknown.
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All the housework is done by the woman or women and the girls from
a certain age upwards. This covers jobs such as preparing food,
fetching water, collecting wood etc. The women are also directly
involved in arable farming, being particularly responsible for the
field crops which are to be directly consumed by the family. Wherever
this is ecologically possible this always includes the cultivation
of vegetables and spices and in many cases a large proportion of
the family's staple foodstuffs,

The men and boys, on the other hand, normally do no housework, con-
centrating on the field work. In addition to growing basic foodstuffs
this includes cultivation of one or more cash crops which are ne-
cessary in order to meet the family's consumer-goods reguirements
(salt, fabrics, working implements, domestic appliances etc.) and
earn surplus income to cover special occurrences such as marriages,
illness, deaths etc. A characteristic feature of many societies,
therefore, is the division into "men's crops" and "women's crops'.
This distinction refers primarily to use of the product, the labour
expended to create it being of only secondary importance. This 1is
attributable to the fact that the men frequently call upon the women
to help cultivate cash crops, while the women can only expect the
men to help them with certain jobs such as land clearance which usu-
ally require heavy physical work. At the same time it is often only
the men who can then make use of the product and the resulting cash

income,

It can be generally assumed that African women play a more productive
role in agriculture than men, particularly if the necessary housework
iz added on to the field work. Even in the area of pure crop—growing,
women often work more than men. According to a study by the Economic
Commission for Africa (ECA) the West Lake Region in Tanzania is typi-
cal of this situation: on average men perform 1800 hours of field
work per year and women 2600 hours (quoted according to LELE 1976:16).

JIGGINS {(1978:13) is therefore justified in his criticism that the
productive recle of African women has frequently been ignored or un-
derestimated by development planners:

",.. mechanization programmes have been directed almost always
towards men, often leaving women with a greater physical burden
in the maintenance of the family, and the benefits of labour-
saving accruing only te the men".

The effects of this type of mechanization scheme, geared solely to

..-the male preoducers, are still more negative if an agricultural exten-
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sion service - as is the case in Ganmbia, for example - is closely
1inked to a mechanization project. METTRICK regards this as one
reason explaining why a draught-oxen project achieved only small
increases in productivity:

"Because extension has been so closely geared to the oxenisa-
tion programme, women have been largely left out., Half the
agricultural labour force responsible for a large part of the
food supply is ignored by the extension service. {(MEETRICK

1977:35).

The examples given and experience gained in other African countriesl)

make 1t clear that as a result of the traditional form of family
division of labour it cannot be expected that an animal-traction
project introduced via the male producers in the target group will
also affect the women and thus the entire agricultural production

sector, In order to prevent the unnecessary productivity drop re-

sulting from this type of bad planning it is first of all necessary

. to analyse the family division of labour and thus determine the pro-

ductive rele of the woman under the given conditions. Should this

analysis confirm the above description of the women's productive
role it is essential that the women be directly included in the pro-
ject. This relates both to training in contrelling draught animals
and using implements as well as to more detailed extension work,

for example on plant protection and fertilizing.

2.4 Land law

Degpite wvariations in detail between ethnic groups, e.g. as regards
the law of inheritance the fcllowing four features are common to

traditional African land law:

1} All land is the joint property of a social unit, which is bound
together by kinship and which, in addition to the living, also
includes ancestors and unborn generations. There is no individual
or private land ownership. The land is a tool but not a marketable
commodily., It has no exchange value and therefore cannot be sold
either,

2) An individual's right to arable land or pastureland in an area
claimed and seittled by a community is a result of his position
as a member of this community. This does not preclude the possi-
bility that under certain conditions outsiders may alsoc be allo-

1} cf. in particular GROSSER/PFEIFFER et.al., 1977/78 and the literature referred
to there.
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cated land; this however, usually accompanies assimilation into
the community, e.g. through marriage or adoption. The right of
a member of the community to have land nevertheless does not imply
a direct right to a specific piece of land, but initially only
to the amount of land which he requires for reproduction purposes.

3) The right enjoyed by an individual as regards community land is
therefore merely a right of utilization taking the form of culti-
vation of the land assigned to him. This right lapses as soon
as the land is no longer cultivated or used for other productive
purposes. The land then automatically reverts to the community
and can be reallocated.

4) Each community contains one person or group of persons bearing
responsibility for distributing and taking back land and thereby
representing the rights of the community against the individual.
The person or group of persons is at the same time responsible
to the ancestors for ensuring that traditional laws are upheld.
The person in question, ﬁsually the eldest - in the case of a
family group there may be more than cone - is often directly re-
lated to the ahcestor who first settled on the community land
and made it cultivable.

However, this form of traditional land law no 1longer provides an
adequate description of the current land-right situation in present-
day Africa. In colonial days Edropean systems of private and state
land ownership alien to African tradition were introduced, frequently
entailing the use of military force., Private land ownership is there-
by simultaneously the legal expression of a modified farming system
which was also imported (market production) and an accompanying
change in the economic function of the land.

In many countries decclonization was followed by another change in
land law. The independent territorial state now became the nominal
owner of all the land. and the individual relationships among the
landowners or between the landowners and the state were regularized
by national law. The individual national land law systems vary he-
tween large-scale modern~style private ownership (e.g. Kenya) and
the restoration of traditional communal ownership accompanied by
the mere right of use (e.g. Tanzania). These examples, however, tend
"rather to represent extreme cases in present-day Africa; in most
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cases both modern forms of land ownership and traditional rights
will be found in a country. The varied nature of the ownership and
legal situations is a reflection of the varying production conditions
on which they are based; these conditions are characterized on the
one hand by capitalistic agricultural production on the basis of
hired labour and the beginnings of mechanization and on the other
hand by traditiconal subsistence farming, with a variety of intermedi-
ate forms and transitional levels between the two extremes,

The higher the degreeof commercialization of agricultural production
in a specific region, the more private land ownership there will
be. It 1s often concluded from this phenomenon that commercializa-
tion - 1i,c. the gpread of Y“commodity-cash relationships'" - breaks
down traditional production conditions and legal relationships. Com-
mercialization on its own, however, is not a sufficient explanation
of the increasing changes in the traditional situation. The fact
that in subsistence farming most of the produce is directly consumed
and only a few needs have to be met via the market means that such

soclieties are largely immune to commercialization.

Under such conditions private land cownership and its economic basis
- land as a commodity - can only result through the additional in-

fluence of non-economic factors, the most Important of which are:

- state intervention
- population growth

- eccological changes.

These factors are often in reciprocal relation to one another, i.e.
they reinforce their common effect, an increasing scarcity of land.
During cclonial days the best land in the most favourable zones,
ecelogically speaking, in the majority of African countries was gen-
erally concentrated - supported by direct intervention of safeguard-
ing by the colonial governments - in the hands of a few settlers,
often Europeans. In many cases this situation did not change after
independence; on the contrary, the structure of concentration was
perpetuated in that the farms formerly owned by the whites were taken
over by a native elite or run as state farms. The concentration
movement continued after decolonization in a governmental or private
form, frequently promoted and safeguarded by national or interna-
tional agriculiural development programmes.
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Population growth also leads to a relative scarcity of land, the
effect being all the greater the more ecological and legal obstacles
hinder the natural migration of the population groups involved., Eco-
logical changes such as decreasing so0il fertility or adisastrous
increase in desertification als¢o reduce the availability of land.

The interrelationship between different factors, e.g. population
growth plus ecologically unsuitable forms of land use resulting from
misguided agricultural policy, Dbecomes particularly clear in the
case of the desertification problem. The effect of the factors de-
scribed only in brief here, i.e. an absolute and relative scarcity
of land, often places the people living in traditional c¢ircumstances
in a marginal situation and makes fthese circumstances themselves

more unstable.

However, projects promoting the use of draught animals which aim

to improve the situation of the target groups presuppose that the

direct producers will have steady and guaranteed access to the land

which they require for reproduction, including land for planned ex-

pansion. The type of land law is c¢f only secondary importance as
far as this prerogative is concerned, insofar as traditional land
law also guarantees lasting access to land. This 1is not preovided
via the institution of private land ownership but rather via the
traditional recognition of an individual's ownership of the products
of his own work which, in addition to harvested produce,include
working aids and domestic articles, livestock, houses, kraals etc.
Although modern land ownership cannct therefore be regarded as a
prerequisite for animal-traction projects it 1is often advisable,
in view of the specific national land law systems, to obtain formal
land ownership titles for target groups living under primarily tra-

ditional circumstances.

More decisive elements in pguaranteeing long-term access to land,

however, are factors such as population trends, land concentration,

private and state economic programmes and ecological trends in the

region concerned. Analysis of these points is of major importance

in the planning phase.
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2.5 Features of production strategies on smallholdings

The production situation of African subsistence farmers is character-
ized on the one hand by limited resources and on the ¢ther hand by
imponderable natural factors which cannot be influenced. Existing
under conditions of which the main features are scarcity and uncer-
tainty, ¢the smallholder is forced to adopt production strategies
which permit him to reach his paramount producticen target, namely
guaranteeing a basic food supply for his family, wit- a minimum
amount of risk. The rationality underlying the productic:: strategies
and forms of land use Tfound on smallholdings is therefors aimed not

80 much at maximizing yields but rather at reducing risks.

"Within that objective, various strategies are adopted to

!

spread risk and safeguard the food supply, such as (i) frag-
mentation of holdings and rotating cultivation rights; (ii)
intercropping, staggered planting, saving of famine crops which
can be stored unharvested; (iii) adjustment in management as
the season progresses, e.g. by maintaining a smaller area than
originally sown, concentrating on meisture-tolerant crops;
(iv) reciprocal arrangements between households." (JIGGINS
1978:11)
These safepuarding strategies are often outstandingly suited to the
ecological production conditions and have frequently been used suc-
cessfully for centuries. On the basis of traditionally reliable
methods of reducing risks, each production unit, i.e. the members
of a household who are able to work, cultivates a specific area,
the size of which is determined by the household's consumption needs.
These needs can be roughly divided up into:

- staple foodstuffs, the need which can generally be met by
growing one or two food crops, e.g. millet, maize, cascuva etc.

- necessary consumer gecods such as clothing, implements, zalt, lamps
etc. In view of the fact that these needs can in ger=ral be met
only wvia the market they necessitate the additional 2ultivation
of one or more cash crops, e.g. groundnuts, sesame, cot-on etce,

Priority is given to safeguarding the production of basic foodstuffs

rather than to cash crops.

QO'BRIEN has illustrated the link between consumption needs and size
of area cultivated, taking as an example the production decisions
of Sudanese smallholders:

"For the larger majority of farmers in Um Fila produ-:ion de-

cisions are made on the basis of calculations of cossumption
needs, It is the function of the head to assess the:: needs,
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aeven within certain limits to decide what they are, and then
to organize the land and labour power of the unit to meet them.
The first and most basic need is dura (Sorghum D.K.), the
staple of the diet, to feed the members of the unit. (...)
The aim of each unit head is to meet his household's dura needs
directly from crops produced in his fields, while striving
to meet all the various cash needs through the sale of simsim
(Sesame D.K.)}. His calculations of household needs for each
generally determine how much land is cultivated by the unit.
Not surprisingly, heads of units have a very clear idea of
the physical productivity of their fields. Their basic strategy
is to plant about half again as much land as 1s required to
produce enough crops to meet unit needs given a normal rainy
season., Thus, if a head calculates that his unit needs 10 ardeb
of dura for a year, he will want to plant for 15 arileb. In
this way his yields in relatively poor years will be suflicient
to meet minimum needs. This strategy helps to cope with "normal"
fluctuations in rainfall from year to year. No production
strategy within the resources of the pecple of Um Fila can
prevent the drastic consequences for current production of
a catastrophical bad rainy season, but surpluses from '"normal'
years can be stored or saved to substitute for failed current
production in subsequent bad years". (O'BRIEN 1978:12)

This example, which can be generalized beyond the scope of the case
study, shows how the size of the area cultivated is determined by
the household's consumption needs and a certain safety margin based
on experience. 1t is important that the production decision be taken

on the basis of a subjective evaluation of the needs to be met and

not on criteria such as the maximum yield physically possible under
given conditions. Subjective evaluation of expected benefit in com-
pariscn with the additional work required also tends to control ex-
pansion of the cultivated areas beyond the extent necessary for safe-

guarding existence:

"The peasant producer would make an increased effort only if
he had reasons to believe it would yield a greater output which
could be devoted to enlarged investment or consumption, but
he does not push the drudgery beyond the point where the poss-
ible increase in output is outweighed by the irksomeness of
the extra work". (KERBLAY 1971:153)

Projects aimed at spreading the use of draught animals essentially
derive their economic justification from the possibilities they offer
for expanding farm area in comparison with the area which can be
cultivated using traditional production technologies (see also Sec-
tion B/IV). They are therefore often confronted with the structural
problem that the criteria used by advisors and target group for
evaluating the benefit of such a measure may differ considerably.
Whereas project planners often aim for the maximum increase possible

358




from the objective point of view (which under the given conditions
is considered to be limited mainly by the physical capacity of the
draught animals) when calculating desirable expansions of area, the
farmers frequently apply different criteria and may be satisfied
with an increase which is only small in comparison with that which
is technically possible because, for example, they rate the innova-
tion's ability %to facilitate work and save time higher than full
exploitation of economic potential. Experience gained with animal-
traction projectsin Africa proves that actual increases in the size
of farms are therefore often far smaller than those projected by

the planners.

REMY, for c¢xample, refers tc an animal-tracticon project in Upper
Volta where increases in area of 60% in the first year and 100% in
the second year were planned. In actual fact, however, the farmers
expanded their farms by only 33% on average over four years. Accord-
ing to REMY these only small increases prove that the Mossi farmers
favoured a strategy which guaranteed the food supply rather than
a production strategy aiming for maximum yields:

"Prudents, les exploitants ont hésité 4 adopter d'emblée la
houe sur la totalité des surfaces cultivées, & "jouer'" avec
leur récolte. Et surtout ils ont réservé en priorité 1'usage
de la houe &4 la production vivriére, 1le surplus de récolte
éventuellement obtenue é&tant consacré en premier lieu a mieux
manger et 4 faire des réserves." (REMY, 1972:515%)

METTRICK (1977:27) also mentions an animal-traction project in Gambia
where farms were expanded by only 20-25% on average.

The problem inveolved in realistic planning of farm expansicon is that
the subjective evaluation criteria used by the farmers in the target
group are very difficult to assess a priori. In actual practice they
also vary greatly from group to group and do not usually become ob-
vious until the project is being implemented. It is probably possible
in general to give the planning a2 more realistic foundation if the
basis used for calculating farm expansion 1s not the maximum increase
which is technically or physically possible but the average number
of hours worked by the farmer before introduction of the innovation.

This of course requires that the figure be determined beforehand.

Another aspect which should be considered during planning is the
overriding importance - for the farmer - of the minimization of pro-
duction risks as against the realization of increased yields. Here
again the assessment criteria used by experts and smallholders may
differ substantially, e.g. as regards mixed cropping versus single

359




cropping or parcelled-out, scattered fields versus land consolidation.
Animal-traction projects should therefore in general be designed
and implemented such that they identify, reinforce and optimize the
characteristic rationality of the production strategies used by
smallholders instead of trying to "transplant" farm models developed
on the basis of European-oriented economic rationality into a socio-

economic system operating according teo different structural criteria.

2.6 Taboos

Taboos can generally be regarded as means of regulating social ex-
istence ... which are provided by sccliety in order to protect inter-
personal relationships against dangercus, aggressive, fear-arocusing
or libidinous tensions", (PARIN et.al., 1978:103), According to a
classification scneme devised by FREUD (19%6:30f.), the prohibitions
imposed by tabcos may - permanently or temporarily - cover the fol-
lowing:

-~ Humans (forbidden to touch the chief, to work on specific days,

to have sexual intercourse with menstruating women; incest taboo,
etc.)

- Animals (forbidden to Keey, Kill or eat certain animals)

- Miscellaneous objects such as plants, trees, specific localities
etc.

In terms of function the prohibitions imposed by taboos are similar
to norms laid down by law. However, the difference is that infringe-
ment of a legal norm initially results in a trial and subsequently
in sanctions imposed and implemented by humans, while breaking a
taboo automatically brings its own punishment, so to speak. The
method by which taboos operate therefore presupposes a certain mental
attitude which FREUD referred to in his classic work as '"taboo
anxiety". This is based on the belief that conscious or unconscious
infringement of a taboo would disturb the rest of ancestors, spirits
or demons who would then take their revenge by bringing misfortune
and death upon the offender or the entire community. The ancestors,
gspirits and demons incensed by the breaking of a taboo can and must
be appeased by means of propitiation ceremonies.

In psychological terms the observance of taboo rules is founded in
the mechanism for avoiding socially defined situations triggering
extreme fear. The fear aroused by the breaking of a taboo in some
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cases can be so great that it automatically leads to the death of the
person involved.

"There are reliable reports that unknowing violation of such

a prohibition does in fact automatically produce its own

punishment. The innocent offender who has, for example, eaten

an animal forbidden to him, becomes severely depressed, antici-

pates his death and then actually does die." (FREUD, 1956:29)
In addition to regulating social relationships, e.g. protecting
chiefs or other' local dignitaries from the envy of their subjects,
protecting women and children against interference, maintaining +the
exogamy rule through the incest taboo or providing protection against
dangers connected with touching corpses or eating certain foods,
the observance of taboo rules also has the important function of
identity formation.

"There 1is almost no better way of feeling solidarity with a

group of people and distinguishing oneself from other groups

than by sharing the same objects of avoidance. The individual's

feeling of identity is dependent on social features, i.e., easi-

ly perceptible signs of affiliation on the part of the other

members of the group. {...) Tt is not Jjust any traditional

taboos which are observed but precisely those which impart

the uniting feeling of identity wherever it is wanting." {(PARIN
et.al., 1978:105f.)

The function of identity formation through the division from other
groups by means of submission to certain common prohibitions is par-
ticularly evident in totemism, a special form of taboo. The essential
feature of totemism is that it is forbidden to kill and eat the totem
animal of one's own clan; sometimes sgexual intercourse with members

0of the opposite gex subject to the same totem is also forbidden.

I shall now use the above-mentioned classification system devised
by FREUD to describe in simpler form the potential effects of taboos

on the spread of animal traction,

a) Animal taboos
The most serious problem would probably be a case where the
draught animal was the subject of a taboo or was the totem animal

of the target group; this would represent an obstacle to acceptance
which would be practically impossible to influence. This, however,
would probably be a rare occurence. For obvious reasons anims
taboos do not usually relate to domestic or productive animais
and totem animals are usually wild creatures. This possibility

should nevertheless be considered.

361




b)

c)
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Moreover, there are cases, particularly among tribes or races
engaging in traditional cattle-keeping, where it is forbidden
to kill and eat cattle even though they are not totem animals
in the stricter sense. Certain Dinka tribes in the southern Sudan,
for example, refuse to slaughter their animals for anything other
than ceremonial purposes because they Dbelieve that the other
cattle in the herd could take offence and fall sick, die or run

away out of revenge,

Lastly, it may be forbidden to keep certain animals or allow them
to remain within a village. In this case it should be determined
whether this is a genuine taboo based on taboo anxiety or whether
it iz gsimply an agreement ameong the village people, for example
in order to protect the crops. In the latter case it might be
possible to change the situation, whereas a genuine taboc can

almost never be modified in the course of a development project.

Taboos relating to humans or human behaviour

Within this categeory it is probably only work taboos which are

of direct significance. Buch tabcos forbid work, for example,
on specific days of the week or on the occasion of certain events
such as births and deaths. The taboo forbidding women to work
during menstruation is widespread in Africa. In view of the fact
that a certain minimum working period is required for reprcduction,
work taboos are always of a limited duration and it therefore

should not be assumed that they represent a serious obstacle

to the introduction of draught animals.

Object taboos

Taboocs in this category concern objects such as plants, houses,
trees and implements or specific locations. It can be assumed
that most crop plants are not the subject of taboos. Object taboos
may be attached permanently or temporarily to specific localities
or areas: burlial places, places where serious crimes were com-
mitted or areas where "spirits" who could threaten anyone entering
the place reside permanently or temporarily. PARIN et.al. (1978:
104), for example, refer to a taboo observed by the Agni in the
Ivory Coast prohibiting them from going inte the forest on Thurs-
days, because on this day the forest is the domain of the spirits
who would kill any trespasser. However, areas or locations to
which taboos are attached are generally limited in size or subject




to the taboo for a specified period only, sothat they do not
represent a serious obstacle to the introduction of draught ani-
mals.

Lastly, reference should be made to an object taboo widespread
in certain parts of Ethiopia which forbids women to touch ox-drawn
ploughs. However, the use of draught oxen has been traditiocnal
for centuries in Ethiopia, from which it must be concluded that
this taboo was probably not created until after the technique
had been introduced and spread and therefore did not seriously
hinder it.

3. Sociological aspects of the implementation of animal-traction
projects

3.1 General criteria concerning the process of innovation adoption

In the first part of this section it has been repeatedly pointed
out that the ideas held by the expert advisors and the target group
as regards the usefulness of an innovation or project measure may
differ considerably. Although technical and economic suitability
of an innovation for achieving a given target are necessary prerequi-
sites, they are not sufficient to ensure that the innovation is ac-
cepted and becomes widespread. Insteau, the‘degree of suitability
(feasibility) of an innovation as determined by experts must be re-
garded as such by the target group as well. In the long run, there-
fore, it is not Jjust the objective economic and technical features
of an innovation which decide whether it will be accepted, but also
the perception of these attributes by the target group.
"It is the attributes of a new project, not as seen by experts,

but as perceived by the potential adopters, that really
matters.”" (ROGERS/SHOEMAKER, 1971:137)

ROGERS and SHOEMAKER have developed a classification system compris-
ing five criteria which describe in universally applicable terms
the perceived attributes of innovations., They thereby hold the view
that the more the following criteria are fulfilled (or, in one case,
not fulfilled) the likelier it is that an innovation will be accepted
and the higher its adoption rate will be. The five criteria consti-
tuted by observability, trialability, complexity, relative advantage
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and compatibility will now therefore be described in brief in the

light of their relevance to animal traction as an innovation.

3.1.1 Observability

This criterion is fulfilled 1f the results of an innovation are
visible to the members of the target group, this being all the mcre

important if the innovation is totally new to them, Particularly

in places where animal traction is totally unknown, therefore, pro-

jects promoting it should attach paramount importance to correct,

continuous demonstration of the technique in order to illustrate

clearly its benefit, i.e. tillage of a given area in less tims and

with less labour than 1s possible under conventicnal conditions.

It is important that use of the technique be demonstrated under cir-
cumstances typical of the production conditions for the target group
and it may therefore be insufficient simply toc set up a central de-

monstration farm.

The link between observability and adoption rate is substantiated
by the results of animal-traction projects in Africa. For example,
METTRICK (1977:6) points out with regard to Gambia that the proximity
of the project area to Sernegal and the resulting contacts between
the target-group farmers and Senegalese ox-farmers had a positive
effect on adeption of the innovation by the Gambian target group.
GROSSER/PFEIFFER et.al. (1977/78:196) report similar findings in
the Central African Republic.

LINK/KALB (1980:43f.) pinpointed insufficient observability for the
actual target group as one factor contributing to the failure of

a draught-oxen programme in Tanzania.

3.1.2 Trialability

This criterion is fulfilled if the members of the target group can
try out the innovation on a small scale and c¢an experiment with it.
Whereas one function of observability is to arouse the target group's
interest in the innovation, trialability should enable the farmers
to gain practical experience in using it. It is often vital for a

smallholder to examine in detail the effects of an innovation in
comparison with the techniques used previously, since in view of
his limited resources uncritical and untested adoption of an inappro-
priate innovation would directly endanger the basis of his existence.
The frequently observed cautious approach to the use of draught
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animals adopted by smallholders - with only small increases in area
during the initial period - c¢an without a doubt also be ascribed
to the fact that many farmers, adopting a strategy founded on ex-
perience and aiming to safeguard their livelihood, prefer first to
try out the innovation and gain practical experience with it on a
limited scale before using it for their producticon as a whole.

Trialability, like observability, is thus more important for "early
innovators'" than for those coming after them, provided that the pro-
duction conditions for both groups are similar and that there is
little or no social distance between them. It is these conditions
which will make the experience of the '"early. innovators" of use to
those following them in that this reduces the risk entailed in adept-

ing an innovation.

3.1.3 Complexity

This criterion relates to the perception of an innovation as being
difficult to understand and use. Complexibility has a negative effect
on the adoption rate, i.e. the more complex an innovation is regarded
as being, the less 1likely it is that it will be adopted and will
spread. Use of draught animals is more complex than hoe agriculture
insofar as the farmer is required to master not only the use of a
new tool, e.g. an ox-drawn plough, but also the method of controlling
the draught animals. Moreover, the use of draught animals normally
requires cooperation hbetween two people, which may increase the im-
pression of complexity for farmers previously used to working solely

on their own.

From the point of view of the project complexity of an innovation

always necessitates intensive training, followed by continuous ex-

tension work. It is extremely important that the instructor and ex-

tension workers themselves are fully conversant with the technique
and can skilfully impart it to others. On some well-known animal-
traction projects, e.g. in Tanzania, this has not been the case,
with the result that the target group regarded the innovation as
over-complex (cf. LINK/KALB, 1980:45).

The complexity angle sheuld also be borne in mind when selecting

implements. A simple design should always be given preference over
a more complex one; this applies in the initial phase particularly

for multi-purpose implements.
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In this connection METTRICK (1977:9) points out that one reason why

introduction of a multiple tocl frame in Gambia was a failure was

that a spanner was required to fit the attachments.

Lastly, the complexity angle should also be discussed with regard
to so-called "“innovation packages', i.e. several coordinated individ-
ual innovations (e.g. draught oxen plus inorganic fertilizer plus

hybrid maize). The danger here is always that only the simpler ele-

ments of the package will be adopted and the more complex ones dis-

carded. This was obviously the case in Upper Volta, where the use

of draught donkeys was offered as a package together with inorganic

fertilizers and row seeding but only the two last-mentioned -~ and
less complex - innovations were adopted by the farmers (REMY, 1972:

516). In general it is advisable not to design animal-traction pro-

jects as packages but rather to refrain from offering relevant addi-

tional or complementary innovations until animal traction has really
become established among the target group.

3.1.4 Relative advantage

Relative advantage refers to the perception of an inncvation as being
better, more useful or more advantageous than the traditional tech-
nigues which it is to supersede. Whether an innovation 1is perceived
as advantagesous or disadvantageous thus depends on the dimension

used to evaluate 1t. However, the relative advantage of an innovation

can be assessed on the basis of a number of dimensions, e.g. economic

profitability, reduction of risks, facilitation of work and so_ on.

It is sociocultural factors which determine to a large extent which

of these dimensions will be used by a target group to assess the

relative advantage of an innovation. The likelihced ¢f varying as-

sessments is great if they are made by groups with differing socio-

cultural environments. In practical terms this means that development

planners and experts tend to assess the benefit of an innovation
i, primarily technical and economic terms, while for the target group
constituted by the smallholders other aspects are often more import-
ant. ROGERS and SHOEMAKER (1971:142) make the following comments:

"Economic profitability might be expected to be less crucial
in explaining the rate of adoption of innovations among respon-
dents who are peasants oriented largely to subsistence living.
For them, other non-economic dimensions of relative advantage,
such as social prestige and social approval, are expected to
explain rate of adoption as would such other attributes of
innovations as compatability with socio-cultural values."
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With regard to animal traction as an innovation there are also numer-
ous indications that for smallholders the economic dimension is of
secondary importance in comparison with the innovation's ability
to facilitate work and save time. BAESSEM, for example, made the
following observation concerning farmers in the then Central African
Empire:

"... c¢'est plus l'économie de peine physique que la volonté
d'augmentation de rendement qui a conduit les paysans au dé-
veloppement de 1la culture attelée". (quoted according to
GROSSER/PFEIFFER et.al., 1977/78:197)

A French study on animal-traction projects in seven West African
countries (CASSE et.,al., 1965:%6) comes toc the conclusion that econ-
omic motives played only a minor reole in adoption of the innovation,
except in areas where commercialization had reached an advanced level
and the farmers were heavily in debt,

The hypothesis that the eccnomic dimension is of only secondary
importance in assessing the relative advantage of animal traction
as an innovation is alsc confirmed by RUTHENBERG {(1964:24) for small-
holders in Tanzania.

It must be concluded from the above that in animal-traction projects
the rate of adoption is clearly related closely to perception of
the innovation's ability to facilitate work. This point should be

kept in mind during project planning for two reasons:

a) Firstly, the rate of adoption can probably be influenced in the
positive sense if the innovation's ability to facilitate work
is particularly stressed and promoted in the course of the project,

e.g. through the selection of appropriate implements.

b) Secondiy, the high value which the target group attaches to the
innovation's ability to facilitate work may run contrary to the
project's target ¢f optimum exploitation of the innovation's econ-
omic potential, i.e. higher yields through an increase in area,
particularly if this aim involves an increase in working hours.

2.1.5 Compatibility

An innovation is regarded as compatible if the target group considers
it to be consistent with its socio~cultural values, past experience

and existing needs.

It has already been pointed out in the section on socico-cultural
ldentity that innovations are likely to be rejected if they are in-
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consistent with the essential features of a social system. In this
context it can be predicted, for example, that an attempt fo intro-
duce the use of oxeu for transport purposes among the Fur would en-

counter considerable resistance (cf, 2.1),

ROGERS and SHOEMAKER (1971:146) mention a case in which an innovation
was incompatible with the target group's previous habits. In an Asian
country steel ploughs were distributed to a target group who had
previously used wooden hook ploughs.

"The peasants accepted the new implements with pelite gratitude
but used them for ornaments rather than ploughing. Why? Because
the steel ploughs require two hands to use; the peasants were
accustomed to using only one hand (and driving their bullocks
with the other}."

An innovation must not only be compatible with the socio-cultural

values and previous experience of the target group but must also

meet the felt needs of this group. Correct assessment of these needs

by outsiders and persons unfamiliar with the culture involved is
difficult and calls for a high degree of intuition on the part of
project planners and experts, which means that the risk of mistakes

is high.

As far as projects aiming to promote animal traction are concerned,
however, it can be anticipated that an innovation's capacity tec fa-
cilitate work will in most cases meet the direct needs of the target

group.

3.2 Extension services

The fact that the use of draught animals is more complex than hoe
agriculture necessitates the existence of an extension service, par-
ticularly in regions where innovations of this type or similar were
previously unknown. It is the task of the extension service to create
good preconditions for the adopticn and spread of the innovation,
particularly in the following fields:
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- advising the target group i.e. imparting knowlege on how to ac-
tually use the inncvation

- procurement and distribution of necessary production inputs
- marketing of surpluses and market produce

‘Hé-arranging credits if no other institution exists.

However, few of the existing extension services in Africa have so
‘far been able to meet these responsibilities in an adequate fashion,
since they are usually faced with one or more of the following ob-
stacles:

-~ Lack of finances

- Lack of personnel

- Inadequately qualified personnel

- Unsuitable form of organization

- Inadequate transport facilities and infrastructure

- Social gap between extension service and target group

Most development projects which aim to promote animal traction are
therefore faced with the need to either set up an extension and
training system themselves or reorganize any existing service to
meet the needs of the project. This firstly makes it necessary to
train or upgrade instructors, who should subsequently be able to
initiate and support the spread of the innovation by imparting know-
ledge on how to use it. In most cases the appropriate forms of organ-
ization also have to be created at the same time.

Two aspects are of paramount importance as regards the efficiency

of an extension service:

1) It has already been pointed out that an efficient extension ser-
vice can increase the rate and speed at which innovations are
adopted if it succeeds in introducing them via "average" farmers,
This does not mean, however, that farmers with a high status
should be excluded from the gervice's activities: on the contrary,
the inclusion of individuals with a high status and traditional
authority is often necessary in order to give the innovation a
degree of traditional legitimation in the eyes of the whole target
group. Introducing innovations via '"average" farmers therefore

means primarily that the activities of the extension service are
designed to match the production conditions and lifestyle of these
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2)

farmers and not those of an elite, This of course requires prior
ascertainment of average production conditions, a process which
is often costly and time-consuming, particularly if it is carried
out in the form of a basic socioeconomic study.

A simpler method of selecting "average" farmers has been developed,

for example, by the Institute for Development Studies in Nairobi
(cf. SCHONHERR, 1975:250f.). This invelves having the village
people themselves select groups of neighbouring farmers who are
then approached via the group method. This procedure not only
guarantees relatively reliable selection of '"average'" farmers,
but also permits a simplified - and thus less personnel- and
cost-intensive - form of assistance by means of the group method.

Another aspect involves the need to guarantee continuous extension
work even after the actual project activities have ended. There
is often a risk here that once the project is over the adoption
process may slow down or come to a complete standstill, parti-
cularly if the project has provided considerable services in terms
of organization, finance and personnel, which cannot be adequately
replaced afterwards by services provided by the country itself.
Animal-traction projects should therefore be designed from the

gutset such that they can be continued using local resources even

after withdrawal of external specialists and the cessation of

external services in terms of finance and equipment.

The most reliable way of ensuring that the diffusion process is
self-supporting is to guarantee active participation by the target
group as early as possible. Examples from the Sukuma regions in
Tanzania show that this is possible above all as regards training
the animals and imparting knowledge on how to use the innovation
(cf. LINK/KALB, 1980:Annex 2). Farmers using draught animals
should therefore be enabled from the very start not only to use
the innovation correctly themselves but also pass it on to other
interested smallholders. '

Another prerequisite for ensuring that an innovation can spread

of its own accord is the creation of a local craft industry struc-

ture, i.e. training and/or equipping of craftsmen who are able

to repair implements and manufacture simple animal-drawn equipment

{(e.g. harrows). The development and testing of a technology geared

to local conditions as well as the creation of the prerequisites
~ in terms of infrastructure and qualifications - for its continu-
ous production must not be underegtimated as regards their import-
ance in ensuring the sustained spread of an innovation.
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3.3 Credits

Wherever subsistence farming predominates 1t must be assumed that
an average farm lacks sufficient capiftal to permit the acquisition
of draught animals and the most necessary implements.

If the spread of an innovation is thus not to remain limited from
the outset to high-status groups, it is in most cases essential to
arrange credits for the acquisition of production inputs. The initial
problem here is that most African countries have only the rudiments
of an efficient agricultural credit system accessible for all inter-
ested parties, This applies in particular to smallholder credits
(cf. LELE, 1976:81f.), Moreover, traditional credit institutions
are designed only for granting consumer credits, e.g. to tide over
the borrower in an emergency or in a special situation such as
getting married. In addition, a 'modern" credit, i.e. a specific
sum of money at a specific interest rate, repayable within a fixed
period, would be too great a burden for most subsistence farmers,
since this would involve a changeover from the previous type of pro-
duction planning, based on fthe meeting of food reguirements, to
market production. The 1likely result would be problems in repaying

the credit which are often incorrectly interpreted as unreliability.

One approach which makes it largely possible to avoid the problems
outlined here is the practice, used in northern Camercon, for example,
of linking an equipment credit to the limited cultivation of a cash
crop and purchase of the latter by the lender (cf., NEUNHAUSER et.al.,
1977:192f.).

Here, the project provides the credit. The farmers are given draught
animals and implements - no interest being charged -~ and undertake
to grow a specific quantity of a cash crop which is then bought by
the project and offset against the borrower's obligations., The advan-
tage of this approach is that it is not only easy to understand (the
credit takes the form of a simple exchange of products with a certain
time lag) but also helps to avoid potential problems on the part
of the farmers as regards storage, transportation and marketing.

When such an approach is being planned, however, it must be ensured
that the farmers can meet their obligations without having to change
their existing production priorities, The quantity of cash crops
to be grown in order to repay a credit must therefore be calculated
such that a farmer needs to expend little or no additional labour
to grow his usual amount of foodstuffs and the cash crops necessary
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for meeting additional needs. Planning of such an approach therefore
makes it necessary to obtain reliable data on th€ production system
used previously (see also Part B/IV, section on aspects of the grant-

ing of credits).
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1. Conditions for the use of draught oxen

1.1 Natural locational conditions

: Tbe;project region is located in north-west Cameroon and covers an
~area of 4 424 km?. The topography is characterized by mountain chains
rising to a height of 2 000 m and by the deep river valleys running
between them., The centre of the project region is formed by an
approximately 1 000 m high hilly plateau.

The goils are of volcanic origin and vary in colour from deep black
in the river plains to red and light yellow on the mountainsides.

The climate is characterized by a long rainy season with substantial
precipitation and a relatively short dry season. The rainy season
generally begins with light rain in March and lasts until the end
of October.

The meteorological data for the past 10 years produce the following

average figures: ’

T T
Temperature " Relative humidity Rainfall | Sunshine
{Ce) (%) mm Days .  Hours
Max. Min. Max . Min.
26.5 15.1 [ 81.2 47.2 | 3016 196 | 1825

The ecology of the region includes rain forests in the lower-lying
areas along the river courses, changes to hilly tree-covered and
bush savannahs and finally to grass savannahs. The greater part of
the region is characterized by the thick grass on the mountain and
hill chains and the region as a whole is therefore also described

as "grassland"” in cultural and historical terms.

1,2 Socio~economic and historical framework conditions

The population density in the region is approx. 17/km* with an aver-
age growth rate of 2.3%. Around 96% of the female population and
29% of the male population are involved in the agricultural sector;
the proportion of the total population engaged in agriculture amounts
to 80%.
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The ethnic structure is of a heterogeneous nature and two main groups
can be distinguished:

a) The resident farming population (Bantu groups)
b) The seminomadic Fulbe herdsmen (Fulani)

" The local farming population is of varying ethnic origin but essen-

tially exhibits few variations. The population contains various
. linguistic groups and exhibits a degree of tribal division which
is gradually being reduced as a result of modern means of communica-
tion, marketing and trade. Pidgin English is used as the language
of communication between the various ethnic groupz. The traditional
land utilization system in the region is extensive shifting hoe-based
agriculture and is typical for the entire project region beyond
ethnic boundaries, Small areas (0.3-0.% of a hectare) are cultivated
for around 4 years and then allowed to lie fallow for up to 14 years.

The presgsure of an increasing population led to shortening of the
fallow periods and thus to a change in the land utilization system.
However, the exceptionally high degree of migration stabilizes the
traditional system to some extent so that it has not yet collapsed.
Land law is to a large extent still on a traditional basis i.e, in-
velving the right to use communally owned land. The widespread di-
vision of labour allocates to the women the subsistence farming,
which accounts for the major proportion of agricultural production.
The work of the men is confined to small-scale cultivation of a few
perennial cash crops, in particular - and to an increasing extent -

coffee.

The seminomadic Fulbe herdsmen, the Bororo and the Aku (the two

groups form the nomadic branch of the Fulbe and are known as the
Fulani or Peulh) are to date the only cattle-keepers, since the local
farming population have not seo far owned cattle. However, cattle-
keeping on a contract basis is increasing. This is purely a capital
investment on the part of wealthy people and cannot be regarded as
an agricultural activity in the true sense of the term since the
animals are kept by Fulani herdsmen.entrusted to carry out this work.

The Bororos have in the meantime become settled but still engage
in extensive pasture farming. The breed of cattle which they keep
.is named after them; it is a very large, powerful and broad-framed
type of zebu, coloured black to reddish-brown.
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i

C/T/1: Named after the Aku tribe the Aku cattle are like the Bororo cattle a
type of zebu but differ in colour and are not as powerful. Both are
excellent draught animals and are already being used as such in the

-

north of Camerocon and in the Central African Republic. (Photo: Munzinger)

Fig.

The Aku have been immigrating from the Bauchi Plateau ({(Northern
Nigeria) for around 20 years and are continuing to do so.

The extensive pasture utilization of the Fulani and the hoe agricul-
ture of the local farming pepulation form the basis for an ethnic
balance which is becoming unstable as the amount of available land
decreases. In common with all rural development regions in the
country the project region is therefore already exhibiting a high

degree of migration. Around 41% of the local male population is now

in other parts of the country. The migration pattern is characterized
by a high degree of migration to the plantations in the coastal re-

gions. The age group between 21 and 30 is most affected; 64% of this

group have already migrated to the plantation zones.

Infrastructure

The infrastructure of the Mechum Division is marginal. The major
traffic artery is a laterite track which forms a ring recad, starting
and ending in the provincial capital, Bamenda. This rcad connects
the individual Divisions and links them %o the other provinces.
Throughout the year it is passable only in one direction and only
with great difficulty. There are also connecting roads tc all towns
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and villages of any size which are passable for vehicles for at least

the major part of the year.

The local markets - held daily in the larger towns and villages -

usually offer a limited range of the most common imported consumer
goods and none of them sells local agricultural products to any
great extent.

There are no traditional craft industries of any importance. The
larger towns and villages usually have very simple vehicle repair
workshops where simple animal-drawn equipment could possibly be main-

tained.

The government administration system is based on the centralistic
French model and is present in full at divisicnal level (préfecture).
There are ysually considerable bottlenecks in the supply of materials
and equipment (vehicles, petrol etc.). This has aparticularly detri-
mental effect on the government veterinary service and the agricul-
tural extension service, both of which comprise a relatively dense

network in terms of organization and personnel.

The cooperative system in Camercon has developed furthest in the
two English-speaking provinces (which include the North-West Province).
In each Division a Cooperative Union acts as an umbrella organization
for the individual farmers' associations (primary cooperatives).
Marketing (mainly coffee and rice), supply of fertilizer and seeds
as well as allocation of credits %to the farmers are carried out at
union level. The Cocoperative Union responsible for the project region
is one of the most important in the province. The major organization
in the field of agricultural credits is the '"State Agricultural De-
velopment Fund (FONADER)”l)which is based in the capital, Yaoundé,
and grants individual and group credits. The latter are as a rule
distributed and administered via the cooperatives,

In addition to these bodies there is the Credit Union League (Ameri-
can model) which is, however, of lesser importance for agricultural
credits.

The traditional credit institutionsare the local savings societies;
theze are associations organized at village level which to date,
however, have been of 1little commercial significance in the project
region.

1) FOND NATIONALE DE DEVELOPPEMENT RURALE
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2. Promotional approach via the WADA

2.1 History and development of the project

In 1965, the German Development Organization (GAWI), started attempts
to increase agricultural production in the project region by means
of a training and settlement preoject. In the course cof the project,
the use of tractors, until then the only form of agricultural mech-
anization tc be promoted, was found to be comparatively uneconomical
under given conditions (relatively poor infrastructure, inadequate
number of workshops, small farms, enormous costs imbosed by the trac-
tors etc.). Modification of the original project approach therefore
became necessary and eventually led to establishing the Wum Area
Development Authority in 1972,

In addition to other non-agricultural promotion measures, the main
emphasis of the modified project was to be placed in particular on
the agricultural extension service. Three programmes were introduced

cne after ancother for this pu?pose:

The Block Extension Programme initially continued to assist farmers

by subsidizing the use of tractors. Rice, maize and coffee were grown
on the adjacent 2.5 hectare blocks of land cultivated by the farmers
involved in the project. Despite subsidizing tractors, however, the
project did not prove successful in the long term,

The Group Farming Programme offered short-term credits and advice

aimed at promoting rice cultivation (upland and swamp rice) to
farmers who set up production groups. This programme proved relative-
ly successful within a short time since comparatively little capital
expenditure and extension work were required, and the farmers were
able through their activities in the programme to maintain an alter-
native source of work and income in addition te their other activ-
ities.

The Draught Animal Programme did not start until 1975, when a train-

ing centre was set up, The first 10 farmers were trained and settled
in 1976, and since 1977 20 farmers per year have attended one-year
courses; they are subsequently settled on selected areas of land.
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Additional short courses for a total ¢f 60 farmers (4 courses a year,
each for 15 farmers) have been held since 1978, Expansion of farmers'
training would allow regions outside the immediate project area to
be alsc included.

~Preparations are at present being made within a pilot project for
further expansion of the Draught Animal Programme to the whole of
the North-West Province, especially by inecreasing the number of short

courses,

The major project targets and measures are given in Table C/I/1.

he structure of the training and extension organization is shown

Fig, C/I/2: - The training centre near Wum where the one-year courses are held for
young farmers. The houses for the trainees' families are on the left
side, to the right are the stables for the draught oxen. The manure
collected there is always directly applied to neighbouring fields of
the compound, {(Photo: Munzinger)
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Table C/I/1: Targets and measures of WADA

Development policy farget

Project target

Programme measures

1. Changeover from
shifting cultiva-
tion to permanent
land utilization

Introduction of
faliow periods and
crop rotation

Practical training at
the training centre in
cultivation of rice,
maize and groundnuts as
permanent crops

2. Increase in food
production

Enlargement of
cropping area

Use of animal
traction

Improvement of
cash income

Introduction of
cash crops

Marketing of small-
holders' produce

Training and extension
services dealing with
rice-growing

Provision of eguipment
and funds for pro-
cessing. storage and
transportation

4, End of the
rural exodus

Involvement of the
men in agriculture

Involvement of young
people in the innova-
tion process

Training and extension
services relating to
draught animals

Creation of training
and job opportunities
in the agricultural
sector

5. Development of
self-reliance

Promotion of self-
help organizations

Support of cooperation
between smallholders,
aid in setting-up and
organization of primary
cooperatives

The WADA extension service has an

around 1 extension worker to every 60 farmers.

exceptionally dense network with

This advantage is

aided still further by the fact that the participants in the Group
Farming Programme at the same time also use draught animals and the
land of the
traction,

"group farmers" is usually near the farms using animal
The increasing extent of the overall programme and the necessarily

long extension period {at least 3 years) will, however, lead to a

change in this distribution. Integration of the government extension
gservice in the project programme is therefore extremely important.
Equally vital in this context is integration of the trained farmers
into the existing cooperative system so that the marketing opportun-
ities and the supply of production requisites can also be guaranteed

in the long term independently of the project.
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Table C/I/2: Organization Chart of WADA

2.2 Training programmes for draught animal farmers

{revised 1981)

Since 1978,
dealing with the use of draught animals:

WADA has been running two different training

a) 1-year training courses at the training centre
b) Short courses in specific regicns in the participants' villages.

a) Long courses

Duration:

1 year,

and rice (January to December).

Capacity:

20 farmers,

including their families.

Facilities and services provided:

covering the cultivation periods for maize,

courses

groundnuts

- Accommodation at the training centre, meals, health care

meet the farmer's own requirements

of charge
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b)

Training:
- Use of a pair of oxen for ploughing, harrowing, weeding and
transportation,

- Cultivation techniques for rice, maize and groundnuts in flat
beds with row sowing and use of fertilizer,

- Instruction in cattle-keeping (setting-up of a simple cattle
shed, manure pit and maize silo),

- Use and maintenance of agricultural appliances and equipment.

Theoretical instruction to back up and reinforce the basic prac-

tical skills has been prepared.

Short courses

The short courses generally last 2 mconths and provide instruction
only in the use of oxen for ploughing and harrowing. The courses
are held in the farmers' home villages so that no costs for
board and lodging are incurred. The farmers can start maize culti-
vation as soon as the c¢ourse ends, sc¢ that no losses result on

account of the training,.

The remaining necessary knowledge of production techniques in-
volving draught animal use for maize, groundnuts and rice is to
be imparted during intensive extensicon work and follow-up super-

vision after the courses.

Befcore the course starts, the group offarmers communally build
a pen for treatment of the animals. Grazing of the animals is

also carried out on a communal basis.

The farmers attending the short courses are granted the same
credits at similar conditions as those attending the long courses;
they also receive subsidies and can have their fields initially
ploughed free of charge by tractor.

Ratic of long to short courses

As a result of comprehengive training, the participants in the
long courses should be able to work independently and require
relatively little extension work on the part of the project. It
is intended that advice and support should mainly be given to
farmers who were only able to attend a short course but who settle
in the region, in order to gradually relieve the project of the
burden of follow-up supervision within fhe constantly expanding
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Draught Animal Programme, With tnis end in view 1t was in the
beginning aimed to achicve & pratic of 1 0 = af longecogprae pnre
ticipants to short-course partbicipants on oo regional baslo. 1o
the meantime, Lhe tendency 1o poing Lowards Increensing Lhe rpamber
ol short courses due to bthe larpge number of farmers interostsd
in the Dravght Animal Deoopomms oo 00 e veo Shigd By modeae ity

of tne farmers cannot leave thelr farms for oa whole year,

: b RN A iR R
Fig. C/1/3: To accustom drought oxen to Lhe work a simple tree tronk is used
in  the first phase. Simul tancously the young trainees lesrn Lo train
oxen so taat Lhey will be able to acl as demonstrators in their home
villages. (Photo: GTZ Archives)

2.3 Credit component within the programmne

In order to enable a farmer to obtain a pair of oxen and the necogs-
ary equipment, Lhe pair of animals which he uses during btraining

and Lhe equipment become his property on a credil bagsis,

In detail, thig comprises (1978 prices):

1 trained palr of oxen 100 GO0 IFCFA
1 multipurpose plough (with ridger and weeder) 43 000 FCFA
1 harrow 20 000 FCFA
1 single-wheel hand-weeder ("Tropic" model) 15 000 FCFA
2 different markers for sowing b5 LOO FCFA
1 double yoke with acceasoriecs {chalns eto,) 00 FOFA

B
Tools and material 14 500 FCFA

Total 206 000 FCFA




This somewhat large total is reduced by a 20% subsidy, leaving

16% 000 FCFA, which can be repaid in annual instalments over a period

of 4 years and at 7.5% interest with a l-year period of grace.

Each draught animal owner also receives a subsidy of 20 000 FCFA
for material needed to construct a cattle shed and pasture fence.
Initial ploughing of the new land to be cultivated by the farmer

is carried out free of charge using tractors from the project.

3. Experience gained to date with the Draught Animal Programme

3.1 Target group

In contrast to similar project apprcaches 1in Cameroon the small-
holders participating in the Wum project region had no previous ex-
perience with draught oxen. The innovation work was thus started
from scrateh with no knowledge of the possible effects or prospects
for success. Although some experience in the use of animal ftraction
had been gained in other parts of Cameroon it could be applied
only in part to the project region.

In accordance with the project objectives it is intended that the
male population - the target group - should be more strongly inte-
grated into the agricultural system, particularly in order to include
this potential labour ferce in agricultural production. An analysis
of the farmers trained to date in the WADA Draught Animal Programme
shows that this criterion has been fulfilled. The farmers recruited
to date are in the age group between 18 and 40, with an average of
around 31 for the long-ccurse participants and around 28.% for the
short-course participants.

The aim of greater integration of younger farmers, 1.e. potential
migrants, into the programme and thus into the agriculftural sector
is being increasingly achieved. In 1979, farmers aged under 30 ac-

counted for approximately 65% of short-course participants.

A random sample taken from participants of a long course revealed
that 8 out of 20 farmers had previously left the region already once
for an average time of 1 to 7 years, and had then returned. This
proves that reintegration into the agricultural sector is possible
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even in the peripheral regicons. The general structure of the innova-
tive group can be described as '"modernized". This means that this
group is characterized less by traditional values and attitudes and
more by the trends towards breakdown of these traditional structures,

through:
- a relatively high age at marriage

- monogamy and a small number of children

- primary education

- migration experience

- readiness to assist their wives in the field work.

However, confining project activities to this innovatively-minded
group is not without problems. For example, it is clearly not poss-

ible to use this group as 'change agents", so to speak, for trans-

forming the traditional shifting cultivation into permanent land
utilization since traditional agriculture {(as subsistence farming)
is in the hands of the women. Introduction of innovations via this
target group therefore has no effect on traditional land utilization.
On the other hand, the relative shortage of land becomes worse as
this new group establishes itself in agricultural production.

3.2 Land reserves

The region's land use system has to date been characterized to a
certain extent by a symbiotic relationship between extensive stock-
keeping by the Fulani and extensive arable farming by the local
population. The population pressure on the land - which is growing
despite migration - and the increasing overstocking of the tradi-
tional mountain pastures are already leading to a relative shortage
of land.

On the basis of the criteria for the use of draught animals in terms
of production techniques, the overwhelming majority of the areas
cultivated in the traditional manner would be suitable for the
Draught Animal Programme. However, the sex-based division of labour
in the traditional land use system has so far meant that animal trac-
tion could not be employed to wutilize this land. The areas under
traditional cultivation would only be available if the women were
directly included in the promotion measures as a target group.

Implementation of the Draught Animal Programme in Wum is therefore
closely linked with land development measures (= land settlement).
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Remote, unused land reserves should be developed for the project
activities, i.e. gettlement of young trained farmers, by means of

further infrastructural measures such as:

~ improvement of access roads

- construction of simple bridges

- reclamation of hitherte uncultivated land by means of clearance
(initial ploughing by tractor) etc.

Although such measures are extremely important for the development
of remote rural areas, the resulting cost burden for the project
must naot be forgotten and - not least as a result of this - considera-
tion 1is at present being given to diversification of the target
groups and increased influencing of the traditional cultivation
methods.

3.3 Experience with crop farming

The three main crops on the farms using draught animals are maize
{mainly as a staple food), groundnuts (in part as a cash crop) and
rice ( as main market crop). They are grown as single crops with
row sowing so that they can be tended using a team of oxen. Local
varieties of maize and groundnuts are preferred on account of con-
sumption habits, while for upland rice the imported "63-83" variety

is used.

In view of the fact that the incidence of disease is still low there
is no need to use plant protection products. The region's substantial
sprecipitation stimulates the growth of weeds and 5 great deal of
work 1is needed to remove them. Weed control can therefore lead to
labour bottlenecks in rice cultivation, particularly during the maize
and groundnut harvest {(c¢f. cultivation schedule}.

In addition to problems in weed control (weeding is carried out too
late and only to an inadequate extent) various farmers do not observe
the sowing and fertilizing times or the exact quantities of seed
and fertilizer, In many cases there is also no correct crop rotation
such as recommended during training and extension.

These inadeguacies can only be gradually reduced as the farmera main

more experience. However, it is also being considered whether partial
adaptation to traditional production methods (ridge farming, mixed
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Table C/1/3: Cultivation schedule for farms using draught animals

~ Maize

Groundnuts

Rice

Miscellaneous
{cultivated by the women)

January Yams
Ground preparation
February Yams, planting
March Soil preparation S0il preparation
Ploughing/harrowing
Sowing
April Fertilizing Ploughing/harrowing Yams, fertilizing,
{(20:10:10) Sowing Setting
Weeding (by hand)
May Top dressing Weeding {(by hand) Soil preparation
Weed control
(draught animals}
June Weed control Weed control Ploughing/harrowing (Plantains
(draught animals) {draught animals) Seeding Weeding
July Weed control Fertilizing Silc preparation
(draught animals) Weeding (by hand) for maize
August Harvest Harvest Top dressing. Weed
control (draught
animals)
September Field clearance, Drying Weed control Beans
Qnil nrenaration (hoana) {Aranoht animale)
Scil preparation (beans) (draught animals)
Qctober Shelling Guarding fields Planting
against birds Weeding
November Harvest Yams
Harvest
December Transportation of Beans
paddy for hulling Harvest
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animals are then tied together in the pen. Once they have becche
used to each other they are then introduced to the yoke for several
days. As socn as they are able to walk together in the yoke without

problems, the actual training as draught animals can start,

During this phase the farmers to be trained are involved in the work,

The preceding taming of the animals must be carried out by permanent

1y emplioyed workers since the farmers themselves have 1ittle experi-
ence in handling cattle and tend to mistreat them out of fear of

the still wild animals.l

Training of the animals until they can pull ploughs and carts lasts
a total of around 4-6 weeks. Some of the animals (around one-third)
prove to be unsuitable during training and must be szeparated from
the rest for subsequent sale, The bulls are castrated before they
are handed over to the farmers to prevent them from following Lhe
cows in the Fulani herds, In general it can be said that uncastrated

animals also appear to be suitable for draught work.

Experience has shown that the more lively temperameat of cows makes
them more difficult to handle and mezans that they can only be used

as draught animals by experienced farmers.

Feeding ihe animals seldom presents problems. Due to the 8-month
rainy season there 1is sufficient natural grass as a fodder basis.
The grass should be cut from time teo time in view of the fact that
the nutritional wvalue of the lccal grasses (mainly pennisetum pur-
pureum) clearly decreases the older the vegetation becomes. During
the working periods, the cattle are given rice bran in addition.
However, cases of poor animal feeding, resulting in iliness, have
- often occured among resettled bullock farmers., This could usually
be attributed to the fact that, due to mutual distrust, these farmers
did not allow free communal grazing and kept their animals tied up
during feeding. The state of nourishment of the animals whosze owners

allowed communal grazing was distinctly better.

3.5 Spread of cattle diseases

The spread of disease is not a limiting factor in the project region.
Trypanosomiasis bovin occurs only in lower-lying areas ocutside the
project region; the other dissases occuring (e.g. foot and mouth
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diseasze) can be treated by the local veterinary service and - more
recently - by a veterinary assistant attached to the project. However,
it is of paramount importance that diseases be recognized and treated
in good time, and this calls for regular checks by the veterinary
personnel since the farmers do no yet nhave the necessary experience
and knowledge. It is planned, therefore, that the extension workers
dealing with the farmers should be additionally instructed in the
most important aspects of animal keeping and animal hygiene in order
to guarantee better checks and advice for the farmers in this sector.

Treatment of ticks is particularly important., The animals are af-
fected to an especially great extent during the rainy season i.e.
during their working period. Ticks not only transmit diseases (e.g.
haemoglobinuria enzootica, stretothricosis) but also cause infections
and formation of sores. A daily check for ticks must therefore be
carried out as a matter of course, It has become clear that use of
chemical preparations not only involves a cost burden and problems
as regards regular procurement and distribution to the farmers, but
also prevents the farmer from establishing close contact with his
animals. Removal of ticks by hand, however, promotes close contact
with the animal which the farmers - who have no tradition of cattle
keeping - must develop. Farmers who became used to treatment by means
of chemical preparations stopped bothering about the conditions of
their animals if the chemical could not be supplied at the correct

time.

j? MORTALITY RATE OF DRAUGHT ANIMALS {1878)
°A

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC
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Average mortality/year 17.8 % (June-QOctober: 35.6 %)

comprising:

Normal {disease) 8.% %
Negligence

{strangulation, no tick

treatment etc) 9.3 %

Ratio of Bororo to Aku cattle 50 : %0.

The overwhelming majority of deaths can be attributed to negligence

i.e, poor care,

This reveals deficiencies in training and in the farmers' experience

as well as in the follow-up supervision.

Regular checks by a newly appointed veterinary assistant have in

the meantime improved the situation considerably.

4. Evaluation of the use of draught animals in the Wum Region

4.1 Profitability of using draught animals on the farms

It is not yet possible to carry out exact profitability calculations.
The most recent surveys of the amount of work which must still be
performed manually on farms using draught animals have revealed an
exceptionally high degree of variation depending on the length of

the farmers' experience.

Data with any information value cannot be anticipated until around
2 years after the farmers have been settled, since the ground must
usually be tractor-ploughed in the first year of cultivation. More-
over, it canno% be assumed that the farmers will fully master the
cultivation techniques until the third year. Initial experience has
shown that during this year the cultivation area is expanded and
additional tillage performed on a wage basis.

A profitability calculation based on various types of model farms
has shown that it is possible to at least double the average agricul-
tural income through the use of animal traction. It must be pointed
out, however, that economic effectiveness in the sense of a substan-
tial increase in the monetary income need not necessarily be a de-
cisive criterion for the adoption of a new technique. Most of the
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farmers do not yet have a particularly market-oriented way of think-

ing.

Assessment of the labour force in menetary terms - on which a prof-
itability calculation is based - is also foreign to the farmers since
‘subsistence agriculture does not produce a cash income in the nar-

rower sense of the term.

More important to the farmer is the credit burden since it is mainly
this which forces him to earn a relatively high cash income., A dis-
proportionately large credit burden can very easily lead to resigna-
tion and cause the farmer to give up the innovation or to be slow
in making his repayments. It is therefore advisable that the amount
of money which a farmer cwes should be Kept within reasonable limits
and that, if necessary, he shculd be supplied with a simpler range
of implements and other agricultural production requisites (which

can be supplemented as he becomes more successful).

4.2 Animal traction versus tractors

When decisions are being taken on the possible uses of animal traction
the question of alternative forms of mechanization, in particular
tractors, inevitably arises. In the case of WADA this is particularly
important since tractors are used in other extension programmes and
also in the Draught Animal Programme for initial ploughing. Compara-
tive cost calculations for the Wum Region have revealed that the

use of tractors is far more expensive than tilling the s0il using

" animal traction. The main reason for this is the unfavourable running-

cost ratio. In the case of tractors high repair costs and long idle
- times on account of the poor spare part supply are set against
utilization possibilities which are limited in terms of time (approx.
4 months) and area., The few large cultivated areas are for the most
part a long distance away from c¢ne another and necessitate long

travelling times.

The fact that the farms are on average very small means that tractors
can be used only above single-farm level, which results in additional
administration costs,

It can therefore be stated that the use of tractors in the Wum Region

.18 not a feasible alternative for the smallholders as a target group
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farmers do not yet have a particularly market-oriented way of think-

ing.

Assessment of the labour force in monetary terms - on which a prof-
“itability calculation 1s based - is also foreign to the farmers since
. subsistence agriculture does not produce a cash income in the nar-

rower sense of the term.

Mere important to the farmer is the credit burden since it is mainly
this which forces him to earn a relatively high cash income. A dis-
proportionately large credit burden can very easily lead to resigna-
tion and cause the farmer to give up the innovation or to be slow
in making his repayments. Tt is therefore advisable that the amount
of money which a farmer cwes should be kept within reasonable limits
and that, if necessary, he should be supplied with a simpler range
of implements and other agricultural producticn reguisites (which

can be supplemented as he becomes more successful).

4,2 Animal traction versus tractors

When decisions are being taken on the possible uses of animal traction
the question of alternative forms of mechanization, in particular
tractors, inevitably arises. In the case of WADA this is particularly
important since tractors are used in other extension pregrammes and
also in the Draught Animal Programme for initial ploughing. Compara-
tive cost calculations for the Wum Regicn have revealed that the

‘use of tractors is far more expensive than tilling the soil using

” ahimal traction., The main reason for this is the unfavourable running-

- cost ratio. In the case of tractors high repair costs and long idle
times on account of the poor spare part supply are set against
utilization possibilities which are limited in terms of time (approx.
4 months) and area. The few large cultivated areas are for the most
part a long distance away from cne another and necessitate long

travelling times.

The fact that the farms are on average very small means that tractors
can be used only above single~farm level, which results in additional

administration costs.

It can therefore be stated that the use of tractors in the Wum Region
is not a feasible alternative for the smallholders as a target group
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and the spread of this technique in neighbouring regions thus pro-

vides little competition for the use of draught oxen.

The use of large machines, however, is still a problem in peripheral
rural areas for other reasons, The tractor's high productivity per
unit of area means that an increasing commercialization interest
suddenly arises in these regions with regard to the land. Subsidized
tractor hire stations in particular provoke misuse of the traditional
land laws., Large reserves of land are controlled by the traditional
ruling groups who have little capital. These groups have the oppor-
tunity to misuse their position to acquire land in order to sell
it or use it for their own purposes with the aid of the machinery
offered. This would then prevent a structure based on smallhcoldings

from ever developing at all.

It may, therefore, be a serious error to make cost-benefit considera-
tions the only criterion for determining the type of mechanization.
Macroeconomic considerations (e.g. foreign exchange budget) and de-
velopment policy goals should be of decisive importance in this con-
text,

4.3 Draught animals versus traditional hoe agriculture

The comparison between farms engaging in traditional hoe agriculture
and those using draught animals, as shown in Table C/I/4, is intended
to illustrate the contrast between the use of draught animals and
traditional agriculture by means of the major production factors
~ soil, labour and capital - and thus show the complexity of the
innovation in the Wum Region.

It therety becomes clear that animal ftraction already represents
a major cdevelopment step which initially can only be accomplished

by a limited target group.

Wider diffusion of animal traction, i.e. above all the involvement
of the women traditionally engaged in arable farming, will not only
call for increased orientation towards traditional techniques (ridge
cultivation, mixed cultivation etc.) but will also require coopera-
tion between the men and the women in accordance with the traditional
division of labour. In this case the men, as the draught animal owners,
would be responsible for scil preparation, ploughing, harrcwing and,
if possible, weed control and use of the animals. The women, in their
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‘position as traditional land users, would carry out sowing, manual

weeding and harvesting in accordance with the prevailing division
of labour.

~~However, such a radical change in the present situation can only
?:géih'acceptance in the long run. Project planning thus has the im-
‘portant task of creating the conditions for long-term and long
. lasting changes by means of an appropriate innovation model.
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5. Concluding remarks

This case study of the WADA draught animal project is intended to
show how extensive the introduction of animal fraction can be under

certain natural andsocio-economic conditions.

"It has become apparent that a certain amount of experience has been

gained during the approximately 3 years the prcject has so far
operated which necesgitates modifications in a number of important
‘areas, However, experience is not yet sufficient to permit definitive
statements concerning, for example, the profitability of the actual
use of draught animals,

Nevertheless, the programme as a whole can already be considered
a success, This is clearly substantiated by the increasing readiness
for innovation on the part of wvarious target groups, both within
the project region and bejond the boundaries of the Division, as

well as by the programme's resulting opportunities for expansion.

Moreover, the fact that draught animals are now being used by farmers
who previously made use of the opportunities for subsidized tractor
work provides impressive proof of the superiority of draught animals
over other more advanced forms of mechanization.

The wuse of draught animals in the Wum Region is thus extremely im-
portant for the development of a smallholder-based structure, which
can prevent the creation of vast disparities within the general pro-
cess of social change in the direction of increasing commercializa-

7" tion of agriculture.

. Further diffusion of the innovation and better linkages toc the
traditiconal land use system may certainly result in the sustained
spread of the innovation. However, final success in terms of develop-
ment policy goals depends here - as it does everywhere - in the long
run on the amount of support and encouragement provided both by the
donor countries and the political and administrative circles in the
country itself.
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1. Mechanization situation

Draught animals represent the major sources of traction power for

farms in Mali.

The largest group of draught animals is formed by the draught oxen,
the number of which has roughly doubled over the past 10 years*},
amounting today to around 280 000 - 300 000 animals., Donkeys and
horses are also used to a smaller extent as draught animals, the

latter mainly in and near the towns.

The number of agricultural implements in 1976 was as follows**):

Multicultivators: 40 555 Harrows: 10 739
Ploughs: 100 704 Seed drills: 9 707
Hoes: 54 700 Ox/donkey carts: 52 204

The above-mentioned numbers of draught animals and appliances must
be set against the total of around 450 000 farms. It can be deduced
from this that arcund 20-30% of farms in Mali use draught animals,
whereby there are considerable regional wvariations. In the Sikasso
and Ségou regions the proporticon of farms with draught oxen is ap-
proximately 45%, while 1in the Kayes (7%}, Bamake (19%) and Mopti
regions the proportion of farms using this type of mechanization

is substantially lower.

The sharp increases in the prices of draught animals and appliances
in recent years are at present hindering the further spread of animal
traction. Many farmers can only make this investment if credits on
favourable terms are available.

In contrast to the use of draught animals, mctorization has bpeen

introduced on very few farms. Only the development organization
"Compagnie Malienne pour le Développement des Textiles" (C.M.D.T.)
has since 1977 been using simplified 20 HP (DIN) small tractors made
by Bouyer on top-class farms in order to gain initial experience

as regards technical and economic aspects.

*y 19637 90 000 draught oxen - according to Plan Quinquennal 1973-78
1971: 141 000 draught oxen - according to Plan Quinguernal 1973-78
1974: 224 600 draught oxen - according to Rapport de 1'Enquéte Agricole
1974-1975 dated June 1979
1978: 288 000 draught oxen - target figure according to Plan Quinguennal
1973-1978
**) Problémes posés par la Mécanisation dans les Pays Membres du CILSS, Déc.
1977, p. 77,
New figures are not yet available.
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2. Previous history

The use of draught animals was introduced by the French colonial
administration and originally became widespread mainly on the irri-
gated farms in the interior delta of the Niger and in the tsetse-~
free area south of the Niger {the Ségou and Sikasso regions).

During World War II the French administration neglected promotion
of draught oxen which led to a sharp drop in the number of animals
kept, After the war animal traction was promoted again but this de~
velopment work was interrupted several times by motorization cam-
paigns which, however, proved unsuccessful. The failure of the motor-
ization programmes resulted each time in major boosts for the promo-
tion of animal traction.

In 1957/88, for example, <co-called "Centres d'Encadrement Rural"
(C.E.R.) and "Centres de Recherche Zootechnigue' (C.R.Z.) were set
up with the aim of gaining experience and solving problems as regards
Ehe use of draught animals, c¢rop rotation, fertilizer and silage
preparation, green manuring, forage growing etc,*},

After independence the Government of the Republic of Mali resolved
to speed up agricultural modernization with the emphasis on the use
of animal traction. The result of this policy, which has been can-
tinued until the present day (cf, Plan Quinquennal 1973-1978), is
that the use of draught animals in Mali is comparatively advanced.

3. Conditions in Mali

3.1 Natural conditiong

The climatic zones range from the Sahel zone to the Sudan and Guinea

zanes, The natural vegetation varies accordingly from the thorn-
covered steppes with their short grass in the north to bush savannahs
and subsequently to tree-covered savannahs in the south,

The rainy season in the south starts in late April/May and ends in

October, while in the north it lasts from June to October.

*) Bilan des Expériences de la Culture Attelée en Afrique Occidentale d'Expression
Frangaise, Tome IT, p. 1-9,
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The long dry season lasting 5-8 months creates major problems, in
particular as regards feeding the animals, since the water and fodder
supply is frequently inadeguate. Keeping the animals in the cattle
sheds with the aim of producing manure for the most part fails due
to a shortage of water in the villages and a lack of fodder. The

. climatic conditiens are thus a major barrier preventing integration
of cattle~keeping into arable farms.

The soils in Mali are in general easy to till on account of their
high sand content. Only the heavy c¢lay soils in the flood plains
and valleys (Bas-~fonds), which are used for rice-growing, often re-
quire 2 teams of animals.

The fertility of the light soils, which have a low nutrient and humus
content, can only be maintained and improved through regular addition
of organic substances (harvest waste, manure etc.) and mineral ferti-
lizers. Regular manuring is widespread in regions with substantial

experience of the use of draught oxen, whereas it is found only in
rudimentary form in other areas.

Green manuring as a means of enriching the humus has not yet become
commori and to date has only been carried out on a trial basis.

3.2 Conditions on the individual farms

The agrarian structure in Mali is based on the smallholding system*):

23 % of farms cultivate less than 1 hectare
55 % of farms cultivate 1- 4 hectares
15 % of farms cultivate 5- 9 hectares

6 % of farms cultivate over 10 hectares

The average plot size is 0.9 of a hectare*); in almost all cases
there are opportunities to enlarge the farm.

The cultivation structure is still largely geared to subsistence
farming. The main crops are millet, sorghum, groundnuts, maize and
rice; fonio, batate and manioc are alsc zrown to a small extent.
The cash Crops are groundnuts in the north and north-west and cotton
and kenaf in the south, Rice is grown mainly in the flood plain of
the Niger delta but is also cultivated under irrigation in the south
of the country and is used both as a focd and a cash crop.

*) Rapport de 1'Enquéte Agricole 1974-75, published in Jure 1979.
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The predominance of subsistence farming coupled with a relatively
low yield level and low, government-fixed product prices, means that
income from agriculture is low. The available purchasing power only
rarely permits acquisition of mechanized equipment., Provision of
credits on reasonable terms is therefore a major prerequisite for

further mechanizétion of small farms,.

Two reports*) produced in 1976 and 1977 and a 1979 study**) have

demonstrated that the use of draught oxen is economically viable.

3.3 Technical conditions

Hoe-based agriculture in Mali traditionally uses short-handled hand
hoes to tiil the so0il (Soli type) and perform hoeing and ridging
work (Daba type).

A relatively broad range of suitable appliances made by the S.MJLC.MAﬁ**)
company (based in Bamako) is available for use with draught animals.

A simple plough (Bajac TM) has in the meantime also been built by
local craftsmen, mostly using various pieces of scrap as the raw
material.

The viilage blacksmiths are as a rule able to sharpen plough shares
and manufacture simple wearing parts (plough soles, landsides). They

alsc manufacture double neck-yokes (Joug Garrot).

The fellowing are used in Mali as draught oxen:

a} Zebus (mainly Pheul zehus)
b) Taurines (Ndama)

Ndama cattle are kept in the areas infested by tsetse-flies on account

of their trypano-tolerance.

Although the relatively light Ndama cattle (weight approx. 230 kg)
are less suitable for heavy traction work, they nevertheless gener-
ally make very good draught animals on account of their build and
temperament.

*) H.BOSUNER: Evaluation report on the project "Supply of simple agricultural
production requisites (1976).
J.LAGEMANN: The agricultural credit situation in the project "Supply of sinple
agricultural production requisites" (1977).
**) GERNER-HAUG/HAUG: The profitability of draught oxen in comparison to the use
of hand hoes and tractas (example: Mali).
*%%) Société Malienne  d'Etudes de Construction du Matériel Agricole.
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Zebus are characterized by their substantial traction power, which
is a result of their high body weight, but have the disadvantage

of being susceptible to trypasnosomiasis,

~State breeding farms have crossed Pheul zebus with Ndama cattle with
the result that improved draught oxen are now being brought onto
the market which largely combine the advantages of both breeds and
can also be used in regions infested by tsetse-flies.

The draught cxen are trained by the farmers themselves.

3.4 Social conditions

The traditional separation of arable farming from stockkeeping is
still a highly noticeable feature in Mali and only 40% of farms keep
cattle*). Animal breeding is still the domain of the nomadic herds-

men, while arable farmers usually keep only a few small animals.

As a result of this the farmers

- usually have to buy draught animals,
~ have little or no experience in handling animals and
- are almost totally unfamiliar with sedentary stockkeeping as re-

gards obtaining manure and stockpiling fodder.

Training programmes are therefore necessary in order to improve the

farmers' knowledge of animal-keeping and feeding.

Ownership of draught oxen, ho ever, brings great prestige and all
sectors of -the population acknowledge the advantages of animal trac-
tion.

The families in rural areas are for the most part ektended families
(7-12 persons/farm) with a pronounced age-~based hierarchy which
appears to be one of the reasons for the rural exodus,

The social status of young farmers within their families can be im-
proved through the granting of c¢rediis for purchase of the much

Sought-after draught oxen.

*) Rapport de 1'Enquéte Agricole 1974-1975 (June 1979).
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3.5 Provision of credits

Credits are granted via the state "Société de Crédit Agricole et
dtEquipement Rural" (S.C.A.E.R.} which either provides agricultural
supplies and appliances itself on a credit basis or has them distrib-
uted to suitable farmers by the state development associations
("'"Operation"), which operate over almost the entire country.

Whereas working supplies such as seed, mineral fertilizer, plant
protection agents etc., are provided purely as harvest credits, down-
payments amounting to 20-30% of the equipment wvalue must usually
be made in the case of agricultural appliances. The remaining portion
of the credit must be repaid in 2 or 3 instalments depending upon
the organization. In general, draught animals have to dalte been al-
most totally excluded from the credit system. Only the "Office Niger"
{for farmers in its own area of intervention) and the German develop-
ment project (for farmers trained at C.A.R.) finance draught animals
on a credit basis.

4, Project approach

4.1 Paramount targets of agricultural policy

The 1973 - 1978*) five-year plan gives the following paramount aims
for the agricultural sector:

- Meeting of the entire population's basic food requirements out
of national production.

- Maximizing of the economic surplus through exports of meat and
agricul tural produce.

- Building-up of the livestock population and formulation of methods
aimed at intensifying stockkeeping and integrating it into arable
farming.

The strategy recommended for achieving these objectives is intensifi-
cation of modern production methods with a view to increasing labour
productivity in agriculture.

¥) Plan Quinauennal de Développement Economique et Social 1973-78,

412




A major means of implementing this strategy is formed by agricultural
training and promotion of draught animals as an appropriate form
of agricultural mechanization; this is the target of the project
executing agency.

4.2 Project executing agency

The "Direction Nationale de Formation et Animation Rurale" (D.N.F.A.R.),
which is acting as the project executing agency, is responsible to
the "Ministére du Développement Rural" (cf. organization chart).

It performs the following functions:

a) Training of "moniteurs" at the "Centres d'Apprentissage Agricole"
(C.A.A.).

b) Training of young farmers at the "Centres d'Animation Rurale" (C.A.R.).

O
—

Training of school students at the "Centres d'Orientation Pra-
tique" (C.0.P.).

Mali at present has 48 C.A.R., the main features of which are as
follows:

The C.A.R. are teaching farms with their own agricultural production
and are largely self-sufficient in food thanks to the crops harvested.
In addition to cultivation of subsistence and cash crops, crop trials
are also carried out to a small extent. The aim is that over a 2-
year training period each C.A.R. should familiarize 20 young farmers
with modern agricultural production techniques and improve their
genera. education. When they have completed their training they are
equipped with a mechanization unit (draught oxen and appliances)
on a credit basis as part of the German project.

It is anticipated that the farmers trained at the C.A.R. will subse-
quently set an example for the other farmers in their native villages
and act as '"multipliers" (animateurs), in the course of which they
will receive follow-up. supervision from C,A.R. teaching staff.

The C.A.R. were created in 1966 as the result of a fusion between
the "Ecoles saisonniéres" and the "Camps civigues", the former having
been set up following independence with the aid of the European De-
velopment Fund and the F.A.C. Whereas the aims of the "Ecoles sai-
sonnidres” lay solely in the area of agricultural training, the
"Camps civigues" contained a strong paramilitary element.
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This is the reason why even today, in addition to the primarily agri-
cultural training, the initial period includes paramilitary training

" which is recognized as a substitute for military service.

- The teaching programme covers:

Basic reading and writing skills

_Practicai m&éthematics (e.z. field surveying, weighing
: : : out and calculating seed quantities
etc.)
Crop growing
"g_ Animal keeping and nutrition (silage preparation, production of

fodder reserves)
Animal training
Fertilizers {dung making, use of fertilizer)

Simple techniques {latrine construction etc.)

During the rainy season the field work is carried out under the super-

vision of an experienced "moniteur" (instructor).

5 of the 48 C.A.R. have to date been expanded so that married couples
can be trained as well. The women are instructed in craft skills
(dyeing, sewing etc.), nutrition, child rearing, hygiene, small-
animal breeding and horticulture. They are also taught basic reading
and writing skills. At the end of training all the women are given
materials, dyes etc. {(on a credit basis) so that they may continue
to use the skills they have learned.

The outcome of the good results obtained at the "C.A.R. mixtes" 1is
that additional centres are shortly to go over to training married
couples as part of this project. The aim is that within 3 years
another 15 C.A.R. should be transformed into "C.A.R. mixtes".
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ORGANISATION CHART

OF THE MINISTRY FOR RURAL DEVELOPMENT

IMINISTRE I

DIRECTEUR DU

CABINET

CELLULE ADMINISTRATIVE

ET FINANCIERE

Sy

DIRECTIONS NATIONALES
AGRICULTURE ELEVAGE EAUX ET FORETS FAR GENIE RURAL COOPERATION FFICE NIGER IER
ODR et OMBEVI ODR C.A.A, 0.7.E.R. CCOPE- INSTITUTS
C.A.R. RATIVES DE
CMDT C.O.P. RECHERCHE

Abbreviations: F.A.R.

ODR
CMDT
OMBEVI
C.A.A.
C.A.R,
C.0.P.
OTER
IER

Formation et Animation rurale
Organisation du Développement Rural, e.g.

Office Malien du Bétail et de la Viande
Centre d'Apprentissage Agricole

Cen*re d'Animation Rurale

Centre d'Orientation Pratique

Opération des Travaux d'Equipement Rural
Institut d'Economie Rurale

Opération Coton, Opération Riz
Compagnie Malienne pour le Développement des Textiles




4.3 Target group

The target group of the C.A.R, is formed by young, mcstly still single
men, who subsequently wish to work in agriculture. The aim of re-

cruiting sufficient volunteers for training has never been achieved,

either by the C.A.R. or their forerunners. Although the proportion
of wvolunteers in many centres is continuing to increase a large

number of the students have to be recruited by the administration.

The number of volunteers is inadequate for the following reasons:

- Many of the young men aged around 20 are married, not in the eyes
of the law, but according to tribal custom. Training at a C.A.R.
would result in a 2-year separation from their wives which would
bring family problems.

-~ Within intact extended families young farmers are urgently required
to work on their parents' farm.

- The financial advantages of temporary migration to the conurbations
in the neighbouring countries (Ivory Coast, Senegal etc.) are rated
more highly than the advantages of training.

The expansion of training to cover married couples at more C.A.R.

constitutes an attempt to eliminate one obstacle preventing young

men from volunteering and at the same time to improve the training
of the female population.

Fig., ¢/I1/1: Students of a C.A.R. working with a Three-Teeth-Cultivator. The well-
formed withers-yoke is more suitable for the zebu cattle than for the
Ndamas rarely used here in Mali. {(Photo: GTZ Archives)
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Fig. C/II/2: Stable of a C.A.R.: In order to collect manure the draught animals are
kept here at nights and often during their noon-time rest. From the very
start of their training young farmers are being taught to recognize

the importance of organic fertilizer for plant production.

(Photo: Munzinger)

Fig. C/II/'S: Apprdpriate storage of harvest residues - here of peanuts - is not
only important to feed the animals during the dry season but also to
get more manure after being used as bed-down to cattle. (Photo: Munzinger)
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4.4 Financing and distribution of draught oxen and appliances %o

former C.A.R. trainees

The Federal Republic of Germany has financed 5 deliveries of equip-
ment since the project started in 1974,

These deliveries made it possible to equip around 4 300 former
trainees with:
8 576 draught <xen
152 donkeys
4 200 ox/donkey carts
3 507 universal implements (multicultivators)
889 ploughs
178 seed spacing drills
220 harrows

320 plant protection devices

Procurement and distribution of draught animals and equipment to

the former C,A.R. trainees takes place in close collaboration between
the German project management, the D.N.F.A.R. and the state "Socié&té
de Crédit Agricole et d'Equipement Rural " (S,.C.A.E.R.)*), which
is responsibie for procuring all items required.

The procedure is as follows:

a) The D.N.F.A.R. and the German project management draw up a require-
ment plan in which the former trainees' individual eguipment
wishes are taken into account. A limit is placed on the amount
of equipment for each former trainee. The requirement plan gives
the quantity and type of the equipment required and the delivery
locations are specified. The S.C.A.E.R. then submits an offer.
An order is placed by the project management »once agreement has
been reached on prices and delivery c¢onditions.

b) The S.C.A.E.R. obtains the equipment from the Bamako machine
factory '"Société Malienne d'Etudes de Construction du Matériel
Agricole" (S5.M.E.C.M.A.) and delivers it to the planned distribu-
tion points,

The B3.C.A.E.R., commissions leocal 1livestock dealers to procure
‘the draught animals; they should ideally purchase them in the

*¥) In 1981 the S.C.A.E.R, was changed into a Rural Development Bank. Due
fo its new nature the procedure has been modified slightly.
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gsame area in which they will subseguently be distributed. Once
the guality of the animals has been checked by S5.C.A.E.R. repre-
sentatives and by the D.N.F.A.R, cor the project management they
are inoculated and kept in quarantine feor 40 days, after which

they are driven te the distribution points.

¢) The S5.C.A.E.R. takes out 3-year animal insurance policy for
the draught oxen supplied 1n the state insurance company "Caisse
Nationale d'Assurance et Réassurance du Mali" (C.N.A.R.).

d) The S.C.A.E.R. makes borrower's notes (in several copies)
for the farmers gran'- -edits, specifying the nature and size
o the credit as we!’ “ne installiments and times for repayment.
All parties involwv- . granting and repayment of credits receive
copies of these b wer's notes,

e} The eguipment i tistributed in the presence of the local author-

itiegs as well as D.N.F.A.R. and S.C.A.E.R. representatives. The
credit recipients confirm receipt of the equipment by making a

fingerprint on the borrower's note.

f) Transportation of the equipment to the farm, which often involves
long disrances, is the responsibility of the former trainee's

family.

4.5 Repayment and re-use of credits

A project implementation agreement between the Mali Ministry of Agri-
culture and the German Agency for Technical Cooperation (GTZ) lays
down, among other things, rules concerning granting and repayment
of credits and re-use of the revolving fund:

a) The equipment is issued on a credit bzsis on the following terms:

- 30% of the value of the equipment is given as a subsidy

~ Follewing 1 repayment-free year (moratorium) the credit must
be paid back in 3 or 4 annual installments depending on the re-
gion.,

b) The credit repayments go into a blocked account at the Mali Devel-
opment Bank and are used as a revolving fund to provide similar
equipment credits on favourable terms for farmers completing C.A.R.
training at a later date,
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Only the GeneralManager of the D.N.F.A.R. and S.C.A.E.R. have
access to the blocked account and must sign together. This type
of power of signature has proved to be practical.

¢) The S5.C.A.E.R. is responsible for collecting credit repayments

and administrating the repaid credits from the revolving fund.

Past experience has shown, however, that the present structure
of the S.C.A.E.R. does not permit it to perform this function

without assistance from other institutions {e¢f. Section 5).

The following table illustrates the situation as regards repayment
of credits:

Table C/1I/2: Credit repayments in Malien francs (FM)

Region Target 1978/79 Actual 1978/79

I Kayes 12 524 Q00 1 439 000

1 Koulikoro 28 660 000 1 715 000

IIT Sikasso 24 199 000 29 423 700

v Ségou 43 931 000 44 804 900

v Mopti 10 726 000 4 387 635

VI Tombouctou No c¢redits granted in this region in the
1st and 2nd phases

VII Gao No credits in this region

Total 120 040 000 81 770 000

In terms of the target for 1978/79 the average credit repayment rate

is thus 68%. It is noticeable that in the Ségou and Sikasso regions,

for example, the 1978/79 credits have been repaid in full and repay-

ment of the 1979/80 credits has already started. In the Kayes and

Koulikoro regions, on the other hand, few repayments have been made.

In addition to the poor harvest in the Sahel areas of these regions,

this may be attributed to:

a) the lack of commitment to date on the part of the bodies concerned
with credit repayment,

b) the tendency of the population in these areas to be unreliable
in making payments.

There is every reason to assume that credit repayment can be encour-

aged and substantially improved even in these regions. The provisional
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repayment figure in the Bamako region (Koulikoro) for 1979/80 is
already around 8 million FM and will probably increase still further,
This is due to the committed involvement of C.A.R, personnel who
are actively promoting credit repayment for the first time.

5. Problems and potential solutions

Procurement and distribution of draught animals and equipment at

the right time is difficult.

The major obstacles are as follows:

a) In some cases the draught oxen presented by the livestock dealers
are of poor quality and must be replaced, which causes substantial
delays in distribution.

b) Procurement of such a large number of draught oxen causes problems
if they must be put in quarantine during the dry season. The
fodder and water supplies during this period are often so poor
that the animals must remain at watering places until the start
of the rainy season. If the oxen are distributed at the beginning
of the rainy season, however, there is often insufficient time
to train them before the field work starts.

c) Many places cannot be peached by vehicle during the rainy season.

d) Deficiencies in the equipment delivered (missing bolts etc.) often
delays distribution of the rest of the equipment and the animals.

e) Once they have left the C.A.R. the envisaged credit recipients
cannct be contacted during the dry season because they are engaged
in extra non-agricultural work in an attempt to improve their
income.

Organization of credit repayment also creates a number of problems.
As already indicated in Section 4.5 the S5.C.A.E.R. has neither the
financial resources nor the necessary personnel to be able to collect

the credits itself. Various courses have thereéefore been taken in
order to guarantee satisfactory credit repayment,

At the start of the project it was agreed that the state development
associations (Operations) would assist in the collection of credits.
These crganizations have a village-level network of extension workers
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who advise the farmers and supply them with working credits. They
are also responsible for marketing the cash crops. It was planned
that when marketing the produce they should deduct the credit instdl-
ments to be paid by the former C.A.R. trainees as well as their own
credits.

This approach must be considered a failure since the development
assoclations were primarily concerned with their own credits. More-
over, the reaction of the farmers was to try to bypass cofficial
marketing channels on account of the expected deductions and to sell

their produce at local level ¢r across the border.

In view of the fact that the country has no other organizations with
a suitable structure the local administrations were then issued with
"repayment documents” and instructed to assist in credit repayment

or to collect the credits themselves,

The following procedures are at present used for credit repayment

in the various regions:

- Collection of c¢redits by the local administration and payment of
the amounts to the S.C.A.E.R.

- Collection of credits by 3.C.A.E.R. or C.A,R. staff,.

- The most successful method:
The administrative authorities ask the credit recipients to visit
them after the produce has been marketed and S.C.A.E.R. and D.N.F.A.R.
representatives take this opportunity fo collect the payments.
An advantage of this is that joint decisicns can be taken by all

parties involved in cases of hardship.
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6. Prospects

On the basis of the positive experience gained toc date it can be

cpected that draught oxen will continue to maintain their position
in Mali's agriculture. This is all the more likely since the economic
conditiens for motorization (increasing prices for industrial pro-
ducts and operating supplies, shortage of foreign exchange) are con-
tinually deteriorating and the necessary infrastructure, e.g. spare-
part and fuel supplies as well as workshops, will not be available
in the foreseeable future,

The provision of credits on favourable terms for the purchase of
draught oxen, appliances and operating equipment is an important
contribution towards improving the income of small farms because
this facilitates in particular an increase in labour productivity.
It is essential, however, that these activities be backed up by
trairning and information schemes for brocad sgctors of the population

and that the necessary prerequisites {e.g. water supply)} be created

ir order to guarantee real integration of cattle keeping into arable

Fig. C/I11/4: In some northern parts of the country transport of drinking water with
draught animals gains more and more importance. "Tank vehicles'" able
to hold about 500-600 litres are still rather seldom, If they are - as
shown here - properly protected against sunshine the contents last
for some time reducing especially one aspect of heavy labour for women.
(Photo: Munzinger)
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1. Introduction

Animal traction has been known in Madagascar for many years. During
the regency of Queen Ranavalona I (1928-1861) it was introduced in
the Mantasoa region, 60 km east of Tananarive, and around 1870 spread
to the regions near Lake Alaotra and Tananarive and was used in par-

ticular for preparing swamp-rice areas for cultivation.

The use of draught animals has since spread throughout the island;
they are used in the uplands as well as for the cultivation of swamp
rice in the lowlands. The preconditions for the use of draught
animals in Madagascat are extremely favourable:

- An extremely large number of cattle (over 10 million in 1971),

- Local traditions favouring stockkeeping (e.g. theft of livestock
in Madagascar is very severely punished both by law and according
to custom).

In contrast to other attempts to promote the use of draught animals
in Africa, it was possible in Madagascar to start the assistance
at a specific level and 1t was not necessary to first accustom the
farmers to keeping animals. This formed the basis for the most im-
portant measures listed below and implemented by various promotional
organizations - mainly French institutions and the FED*) - whereby
the paramcunt aim was in general improvement of the situation of
the rural population:

- Introduction of improved aznimal-~drawn implements

- Setting-up and development of local c¢raft industries and local

manufacture cf the above-mentioned sgricultural implements

- Support of the extension and veterinary services (e.g. in intro-
ducing new tools and simple machines)

- Breeding and the selection of improved draught animals,

*) F.E.D.: FONDS EUROPEEN DE DEVELOPPEMENT - 200, rue de la Loi - BRUSSELS (Belgium)
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LOCATION OF THE MAJOR REGIONS USING DRAUGHT ANIMALS

1 - Diego Suarez region
2 - Antsohihy region
3 - Antalaha region

4 - Tamatave region
5 « Manakara - Mananjary region
6 - Fort-Dauphin (Androy} region

DE\ D EGO SUARE?Z

++++ ! Provincial bouncary
® :Provincial capital

! Areas where draught animals
are used

Majunga region

Morombe region

Tul&ar region

10 - Lake Alaotra region

11 ~ Mid-West region

12 -~ Tananarive - antsirabé -
Fianarantsoa ragion
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2. Available draught animals

Almost all the existing draught animals are cattle, although donkeys

are also used in the southem regions to transport pecple or agricul-

L1188
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ion of water bLuffalio in the Tamalave
region around 1955 did not prove successful since the Madagascan
farmers were not used to these animals.

L

2.1 Breeds

Most of the cattle are of the following types:

Pure-bred zebus {(Bos indicus}

- Cross-breeds for milk production (crosses between zebus and various

European dairy cows, numbering approximately 30-50 000)

- The Renitelo breed (a Limousin/Afrikander/Zebu cross-breed, mainly
for threefold use)

- Brahmas and small numbers of other cross-breeds (approx. 5 J300).

a) The Madagascar zebu

This zebu has a characteristic neck hump and is a stocky, recti-
linear medium-sized animal with crescent-shaped horns. Its coat
may be of wvarious colours.

The zebu is kept mainly for meat production but can aiso be used

for agricultural work such as soil tillage or pulling carts.

Its working life starts at the age of around 4, when it weighs
about 300 kg. The average measurements of a 7-year-old bull are
as follows:

Weight: 300 - 400 kg
Height at withers: 125 - 130 cm
Chest: 170 cm

b} Cross-breeds used for milk production

These are kept mainly in the highlands or in the vicinity of large
towns., Milk preoduction is reascnable and amounts to between 5

and 8 litres per day druing the lactation period {6 months).

!

c) Renitelo

This breed is used in particular as a draught animal because it
is larger than the zebu.
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Weight of a 7-year-old bull: over 700 kg
Height at withers: 140 cm
Chest: 205 cm

d) Brahmas and cross-breeds

The crosses between Brahma cattle (which are themselves the result
of crossing American breeds with various breeds of Indian zebu
e.g. Onkole or Guzirat) and the Madagascar zebu have special fea-
tures: crescent-shaped horns, a thick neck, a marked dewlap and
an upright hump.

Measurements: {4-year-old bull)
Weight: 450 kg
Height at withers: 135 cm
Chest: 175 cm

2.2 Weight and power of draught animals

The trials performed by the C.E.E.M.A.T.*}) in Madagascar have re-
vealed that there is a direct correlation between the animals' weight
and their tractive effort. The following average values can be taken
as a basis:

Tractive effort: approx. 1/8 of the weight of the animals harnessed,
over a working period of 5-6 hours, on agricultural land free of
stones and roots.

Table C/II1/1: Power of Madagascan draught animals over long periods

Type and Weight | Age Average | Max., |Speed | Power| Effect.!Duration
number of effort | effort workingjof trial
animals kg Years kg kg m/s kegm/s | hours/ |[Days
day
1 pair of Madag.
zebu bullocks 630 4 - 5] 80 150 2.5 56 4hi4s5 | 3
2 pairs of Madag.
zebu bullocks 1 300 4 - 51160 400 1.8 80 5hdas | 2
1 pair of Bralma
oxen 1 060 6 147 310 2.4 97 4 h 40 |11
1 pair of Renitelo
bulliocks 1 110 5.5 {150 360 2.9 120 3h40 | -

Source: C.E.E.M.A.u‘f‘.

*)} Centre d'Etudes et d'Experimentation du Machinisme Agricole Tropical, Antony/France
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2.3 Selection of draught animals

The double neck-yoke, which is suitable on account of the animals'
hump (zebus)}, is generally used in Madagascar for tilling the soil
and pulling carts. The single neck-yoke, intended mainly for use
with only one animal, is employed only to a limited extent, particu-

larly for lignt work (sowing, plant protection measures) etc.).

The following features are of particular importance on a young
draught animal:; sturdy bone structure and joints, strong muscles

and a bread chest. Ill-tempered or weak animals must be excluded
from the outset,

Young animals aged between 2 1/2 and 3 1/2 are chosen for training;

it 1s preferable to use oxen since they are quieter than bulls.

An animal's working life lasts between 4 and 9 years, following which
it is sold for slaughtering,

Training and working hours

Training centres are located in wvarious regions of Madagascar and
are either run by the Ministry of Agriculture or by various agricul-
tural development programmes. The farmers are usually offered the
following two choices:

~ They can purchase already trained animals or

- they can bring their own animals to the training centre and parti-
cipate in the training there for around one month under the super-
vision of the instructors,

Training is generally carried out using pairs of oxen on the basis
of a clearly defined programme:

- Phase 1:

Wearing and accepting the yoke

-~ Phase 2:

Walking forwards, stopping, continuing in a straight line and
making turns

- Phase 3:

Agricultural work such as ploughing, pulling carts ete.
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The animals should subseguently work regularly on the farms so that
they remain used t2 cbeying commands., Once the field work is complete

they should be uszed outside the crop season for pulling carts.

it is frequentiliy possible to find outstandingly trained animals which
obey verbal commands. In the Lake Alaotra region, for example, where
the doubie two-way turhover plough has been used for decades, teams
compirising 3-4 pairs of oxen are driven solely by one man and an
assistant.

Working hours

The animals work for between 5 and 6 hours each day with a break
of 3-4 hours after =-ound 3 1/2 hours of work,

In the coastal regions it 1is better to work early in the morning
in opder to avoid the afternoon heat,

Fig. C/II1/1: Ploughing of heavy soils with cross-breeds. The soil is not turned
completely with the plough used. {(Photo: Esche)




2.4 Feeding and housing the animals

The Madagascan {armers give their animals additiconal fodder only
in the evenings when they have preturned to their pens. The animals
are usually given green fodder (cut on the irrigation dams), harvest
residues, green rice straw or, more rarely, green manioc.

Buring the rainy season the animals spend the day grazing in the
natural pastures, while in the dry seasen they live principally on
their regerves and must otherwize content themselves with the little
additional fodder given them {(hay, dry rice straw, groundout stalks
etelf.

The gdaily reguirement of a resting animal weighing 300 kg is esti-
mated at 3 fedder units, while a working animal requires 7 fodder

units {(gee Section B/I for definition of fodder units}).

Ore the high plateavs, where night<time temperatures may be as low
an 470 during the coid tise of the year, the animals on the larger
farma are kept in cattle sheds. On small farms they generally spend
the night on the ground floop of the farmer's house, while he and
the pther people (n the house use the floor above., In the coastal
regiong, where (¥ does net become so cold, the animalg are simply
griven into enclosures of pens in the evening.

Both methods of accomodating the animals make it possibie to obtain
a substantial quantity of cattle-shed or pen manure which is urgencly
required in agriculture.

I the areas with extensive stockkeeping (mid-west and south) the
animals are left practically in a semi-wild condition and wander
arrass the land, watehed over by herdsmen,

3. The agricultural population

Arcund 8%% of the Madagascan population, i.e. approximately 7 million
in 1974, are either arable farmers or stockkeepers and thus consti-
tute a decisive factor in the country's agricultural development,

A Madagascan farmer is involved in the utilization of draught animals
in various ways:

~ Use of the animals: selection, training, care, feeding, attention.

435




~ Use of equipment: selection and maintenance.

- At farm level: marking out plots, observing crop rotation sequences,
soil conservation measures, fertilizing ¢toc.

It must be stressed, however, that traditional habits and custcas
often hinder the introduction of new cultivation techniques or new,
more efficient equipment. This means that continual advice and super-
vision for the farmers are egsential.

In the south of the island a farmer's prestige is directly related
to the size of his herd, the number of animals being more important
than their gquality (this is alse referred to as "contemplative stock
breeding®}. The farmer will therefore scarcely make rational use
of kis livestock (selection of animals, kKeeping of a sufficient
ramber of bulls, fattening ete.) and will not train them. He often
prefers to hire tralned animale for his field work.

However, in regions where animal traction has long been widespread,
the farmers are well aware of its importance., and draught animals
are bought specificaltly for agricultural work.

4. Eguipment used

Mention must firstly be made tn this context of the SIDEMA*), a semi-
state-owned company which has a monopoly in the manufacture of agri-
eultural implements in Madagascar.

4.1 Potential uses

The agricultural itmplements used can be divided up according to their
PUEROSE

I. Seif tillage

a} Ploughing
The plough has been used in Madagascar since arcund 18%0. The
following types are employed, starting from the most simple and
progressing to the more complicated appliances:

~ 2 versions of the simple Belgisp plough (see also Fig. B/1l/24):

. Light-weight version:

Weight 30 kg, working width CG.18 m, mean working depth 12-

%] S.I.D.E.M_A_ ¢ SOCIETE IMDUSTRIELLE FouR LE UEVELOPPEMENT DU MACHINISME AGRICOLE -
Tananarive (Madagascar).
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1% cm. This plough is used mainly on light scoils (slightly
=andy} which are particularly widespread in the south of the
country.

. Nermal version:
Weight 35 kg, working width 0.22 m, working depth max. 18-20 cm,
generally used on thehigh plateaus and the loamy coastal plains.

Turnwrest plough with land wheel, 4% kg (Bourguignon model, Fig.
B/II/28).

This 60 kg reversible plcough design (Ebra model: working width
20-2% cem, working depth 18-22 ecm) is particularly valued by the
farmers on the high plateaus who must often plough on slopes.

Two—way ploughs (Fig. B/II1/27) are used extensively on the fertile
loamy scils near Lake Alacotra and in the north-west region (Ant-
sohihy}, (weight 150-180 kg, working width 0.3 m, working depth
up to 3% em). this plough requires a great deal of traction
power and must therefore be drawn by 3-4 pairs of oxen.

Becent years have seen the introduction of lighter two-way ploughs,
weighing 90-120 Kg and requiring only 2 good pairs of oxen.

Seed-bed preparation:

In dry-farming the clods produced during ploughing are crushed
using teoothed harrows (spike-tooth or zig-zag harrows) which
are generally manufactured locally {(wooden frame but imported
teeth; see also Fig. B/I1/34 and 35},

Preparation of swamp rice fields:

Ploughing (s usually carried out using reversible or two-way
ploughs when the soil is dry. Before the rice can be planted
ouf the field must be puddled, i{.e. the top 10-12 cm of soil
must be transformed into a watery layer of mud. The following

equipment can be used:

- The toothed harrow

- The spike tooth roller (Tuléar region)
(Fig. C/IIl/2)

- The blade harrow {upland regionj
(Fig. C/I1I1/3}
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Fig. C/Ii1/2:

The Madagascan spike tooth roller,
wich is made of 40 mm angle iron,
and mainly used in irrigated rice
farming, is intended to supersede
treading-down of the soil by animals.
Its efficiency is considerably
greater after ploughing.

Fig. C/I11/3:

The blade harrow i3z derived
from Spanish harrows. It
functions in the same way
as the spike tooth roller
but with a 9 cm deep layer
of water on the field.
{Source: CEEMAT)

These two implements shown above permit considerable savings on time
and labour. 5-6 hours per hectare are required on average after
ploughing for puddling the fields using one pair of draught animals.

The conventional technigue, i.e. puddling the fields by having
animals trample down the scil, is also still widespread in Madagascar.
This is intended to bury the weeds in the soil and puddie the surface
of the rice rield by having the animal repeatedly trample it down
with their hooves.

For this purpose a herd of 60-80 animals is driven around the flooded
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field for about 4-5% hours, accompanied by loud shouting and cracking
of whips. This is tiring for both men and the animals. The herd's
weight loss is estimated at 100 kg per hectare trampled and this
method can only he used for 2 days a week.

The same field must be trampled down on at least two occasions, sep-

arated by a few days, in order to produce a sufficient watery layer
of mud.

Seen from the economic angle, this method is extremely expensive
since, among other things, it requires a large number of workers
and subjects the animals to extreme stresses. If at all possible,
therefore, the Madagascan farmers are increasingly changing over
from this method to the use of draught animals and the above-men-
tioned appliances.

Fig. C/III/4: Levelling of irrigetion areas with simple animal-drawn wooden
levelling-board often built by the farmers themselves.
{Fhoto: Esche)
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I1. Sowing

The use of seed spacing drills is not very widespread on the island,

although they are employed to sow maize, groundnuts and beans. Two

versions are found:
- "Ebra" seed drill: the seed dispenser is a tilted cell wheel,

- “"Super Eceo" seed drill: the seed dispenser in this case is a hori-
zcontal cell plate.

A grain drill is also manufactured locally and is used to sow rain-
fed rice. Seed drills can only be used if the farmers have previously
been the target of intensive extension work, i.e. have been advised
on machine settings (number of grains per hole, distance between
noles in the row etc.). Seed drills are therefore particularly wide-
spread in areas where agricultural promotion programmes are being
implemented, e.g. by the GOPR*) in the upland zones of by the ODEMO**)
in the mid-west.

III. Crop-weeding

A triangular frame with hoeing and loosening shares and angular ex-
panston facility (Fig. C/111/%) is fairly widespread in the dry-
farming regions and is used for tending the maize, groundnut and
manioc plantations, The preblem in using this tool is that it is
essential to have well-trained animals which can walk exactly between
the rows.

Multicultivators are also being used to tend the crops (Fig. C/IIT/6).

*} GOPR: GROUPEMENT POUR LA PRODUCTIVITE AGRICOLE
%3 ODEMO: OPERATION DE DEVELOPPEMENT DU MOYEN-OUEST
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The hasic frame and some
possible attachments:

FPlough Cultivator

Hoe Groundaut=lifter

Fig. C/I11/5: Example of a multicultivator

Fig. C/I11/6:

Angular expansion hoe
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Iv.

a)

s3]

To

Harvesting

Forage harvest

Trials wusing draught oxen and the "PUZENAT" mowing machine to
mow natural and artificial pastures have been carried out at the
livestock-rearing stations. This is laboricus work requiring a
great deal of tractive effort. An alternative method which makes
the work easier involves the use of an auxiliary petrol engine
to power the cutter bar; traction power is thereby required only
to transport the machine.

Groundnut harvest

Various types of groundnut lifters have been tested. Only a few
were satisfactory, however, on account of the relatively large
guantities of groundnuts which were left in the soil.

complete the picture mention must be made of a few multi-purpose

toel carriers of the "Mouzon"”, "Nolle" and “Ebra" brands introduced

in
pri

Madagascar by intervention companies. This type of appliance com-
ses a frame on which the following attachments can be mounted:

Plough, hoeing shares, ridger, harrow teeth etc. The most expensive
model, which has pneumatic tyres, can be used as a cart if a plank

Lot

tom is added.

Despite a great deal of publicity work these multi-purpose units

are seldom used on account of their high purchase price,

V.

Transportation

Use of hand-drawn or pushed carts was already widespread in Madagas-

car before draught animals were introduced. 2 main models are found
today:

al

Model with loading platform:

Tnis m_odel has large wooden wheels with iron fittings. Dimensions
of loading platform: length 2.20 m, width 0.90 m, height of tail-
boad 0.60 m, total loading space 1.2 m*, pay load approx. ! tonne,

The craftsmen in rural areas generally purchase the axles from the

SIDEMA and then make all the wooden parts, including the wheels,

themselves.

Fit
be

ting of a crank-type brake was essential to enable the carts to
used in mountainous regions. In 1978 such an attachment already

cost over 80,000 Malagasy francs,
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b) Model widespread in the Majunga region:

This moedel is generally drawn by only one ox since it is smaller
and has metal wheels with a bread running surface.

In the Sakay region (mid-west) the agricultural services have
introduced a type of cart fitted with pneumatic tyres. This
version was quickly accepted and adopted by the local population
on account of its numerous advantages (¢.g. comfort, less traction
effort required). Most of the axles used in these carts come from
old cars or trucks discarded for scrap.

c} Sleds:
These consist of 2 beams joined together in a V-shaped and are
eften used by the farmers for transportation in the field. In
1974 there were over 50 000 such sleds on the island.

NI. OQther work

A number of capstans have been used in the Mid-West Region to convey

drinking water and irrigate small plots.

Capstans are also used to operate sugar-cane presses, and consist

of 2 vertical fluted cylinders made of woeod or Lron. They are parti-
cularly widespread in the Tamatave region (sugar canesgrowing area)
and are used in the production of sugar-cane wine (fermented juice)
and red sugar.

4.2 Digtribution of equipment to the farmers

Hand tools and the equipment required for the use of draught animals

are distributed via both governmental and private channels,

The organizations in the state sector are responsible to the Ministry
af Agriculture and include, for example, the C,E.A.M.P, {Centrale
d'Egquipement Agricole pour la Modernisation du Paysannat) or the
“Service des Approvisionnements", which works in close collaboration
with the general agricultural extension service (Service de la Vul-

garisation Agricole}.

The C.E.A.M.P. concludes suitable contracts with the 3SIDEMA or im-
porters of agricultural machinery and implements and distributes

the equipment via its regional or district offices,
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The Service des Approvisiconnements usually sells the egquipment and

tonls in the areas where there is no C.E.AM.P. office or where there
is an agricultural subdivision (at registeved-village level).

Both imported implements and tools as well as theose manufactured
by local craftsmen of the SIDEMA are in addition seold in the private
sector by local dealers, for the most part only in the larger vil-
lages.

The SIDEMA, which has a monopoly in the manufacture of agricultural
implements, has to date been able to sell all the ploughs it produces.
Government subsidies have enabled it to eliminate all competition
on the part of local craftsmen.

This policy has unfortunately led to a substantial reduction in the
primher of rural oraftamen., who have been forced to earn their living
tn other gecswors (e.p. metalworking). This is regrettable in that
these craftemen used to provide maintenance and service for the
farmers' implements, e.g. =small welding Jobs, replacement of worn
parts (shares, coulters, swivel rollers ete.). In order to remedy
this sttuation, at least in part, 7 workshops for agricultural
machinery have been set up since 1973 in the Tuléar (9, Lake Alaotra
(1ot, Majunga (7)., Ambanja (2),. Farcovangana (%), Sakay (11) and Main-
viranc regiong tof. Map, page 430}.

%. Qverall aspects

A eertain amount of explanation 13 necessary as regards the areas
gaowsn of the map fn which draughe animals are used. The most favours
aple areas are in the Lake Alaotra (10). Upland (12), Mid-West (11)
and antalaha (2) regions, all of which provide the necessary socio-
econamic prerequisites, the land and & resident population. The
eastern cgastal areas, however, have high temperatures and high hu-
midity and are in general less suitable for cattle rearing. The dry
areas in the west and south are used only for extensive stockkeeping
by the majority of the population.
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5.1 Type of farms

The farms in Madagascar are very small, with an average area of ap-
proximately 1.20 hectares, and the fields are highly fragmented
{average plot size 0.32 of a hectare). This prevents the further
spread of the use of draught animals. Arcund 5 hectares can be tilled
using a pair of oxen, while the smallest economically feasible area
is 3 hectares.

Over BO% of the 1 306 260 farms recorded in 1974 are therefore still
cultivated by means of manual labour.

5.2 Agricultural extension services

The provision of extension services for the Madagascan farmers is
egsential in order to permit the spread of modern cultivation teche-
niques and more suftable implements.

The most widespread method is so-called "mass-approach extension
work" in which the farmers in the area concerned are induced to use
the technical innovaticors, within a brief, limited pericd. In order
to be successful sura a measure must reach around 70% of the farmers

and therefore calls for intensive supervision.

Government extension services are provided by the departments within

the Ministry for Rural Development and Agrarian Reform (Ministere
du Développement Rural et de la Réforme Agraire, M.D.R.R.A.):

a) Stock-Breeding Department:

- Supply of draught animals
- Animal hygiene and care: inecculation campaligns

b} Rural Construction Department:

- Belection of the most suitable implements
- Approval and testing of implements
-~ Advice on the upkeep of agricultural implements

e} Agricultural Extension Service:

- Supply of seed, fertilizer and plant protection agents
- Instruction and training in improved cultivation techniques

New techniques are also propagated by various semi-governmental or
private institutions within the scope of regional development pro-
grammes:
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a) Upland region (12}:

The 4.0.P.R. (Groupement pour la Productivicé Rizicole = Associa-
tion for the ‘Increase of Rice Production) has concentrated on
extension services dealing with the use of fertilizers, plant
protection agents and agricultural implements (e.g. light-weight
hoes, simple pleoughs, turnover ploughs etc.). Its success has
been the result of highly intensive extension work among the
farmers and support from foreign personnel of the S.A.T.E.C.*).

b) Mid-west region (11):

The work of the O.D.E.M.0Q0. (Development programme for the mid-
west region) essentially involved settling people from the over-
populated areas arocund Tananarive on the high plateaus of the
mid-west. Support was given to this work by the B.D.P.A.**),

¢} Lake Alaotra region (10):
The main tasks of the 5.0.M.A.L.A.C. (Madagascan Association for
the Development of Lake Alaotra) was the settlement of farmers

on 2-3 hectare rice farms. The farmers were séttled on land which
formerly constituted estates bought back from large French land-
owners.,

The luand in question covers an area of around 30 000 hectares.

4) Cotton-growing areas

(Tuléar, Mangoky and Majunga province}:
The C.F.D.T.***} joined forces with companies in Madagascar in
order to promote the development of cotton-growing; this included

to a large extent the use of draught oxen.

The FIFATO organization in Tuléar looked after 5 J00 farmers,
each of which cultivated one hectare of cotton using draught
animals. Their equipment comprised: the 30 kg SIDEMA plough, the
triangular multi-purpose wunit with loosening and ridging tools,
and a knapsack sprayer.

It should be added that centres for demonstrating the use of the

implements have been set up within the scope of varigus regional

*} S.A.T.E.C,: SOCIETE D'ATDE TECHNIQUE ET DE COOPERATION - 110, rue de 1'Uni-
versité - 75340 PARIS Cedex 07 (France)

*+)} B.D.P.A.: BUREAU PCUR LE DEVELOPPEMENT DE LA PRODUCTION AGRICOLE - 202, rue
de la Croix Mivert - 75738 PARIS Cedex 15 (France)

**#) C.F.D.T.: COMPAGNIE FRANCATISE POUR LE DEVELOPPEMENT DES FIBRES TEXTILES -
13, rue Monceau - 75008 PARIS (France). (French Textile Fibre Development
Camparny ) .
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development programmes (e.g. in the mid-west). Their main activities
cover:

- training of draught animals

- use of agricultural implements (according to the crops grown in
the region).

5.3 Organization of granting of credits for the purchase of draught
animals and equipment

Te obtain credits independent farmers had to apply to their nearest
branch of the B.N.M. (Banque Nationale Malgache) which has a special
department for the granting of agricultural credits.

B% interest had to be paid on short-term credits (approx. 3 years).
The B.N.M. requested the following guarantees for loans:

-~ For long-term lecans: title of ownership to the land cultivated

- For medium-term loans: examination of the application by a special
committec.

Short-term loans for one harvest period were also available.

Other farmers who collaborated with a specific regional development
programme in their area (e.g. ODEMO or SOMALAC) usually obtained
their equipment on a credit basis via the sponsoring organization
and were obliged to sign corresponding agreements (often borrower's
notes) laying down the arrangements for repayment, which varied de-
pending on the organization,

5.4 Problems encountered in the use of animal traction

a) Animals used:

The use of certain implements calls for several pairs of oxen
(e.g. two-way ploughs). Trials carried out in the I1.E.M.V.T.*)
station in Kianjasoa revealed that there is a certain loss of
power if, for example, 3 pairs of oxen are used instead of 2.
This results in:

- a drop of around 12% in the working speed

- & non-proportional increase in the tractive effort: 2 pairs

*) I.E.M.V.T,: INSTITU' D'ELEVAGE ET DE MEDICINE VETERINAIRE DES PAYS TROPICAUX-
10, rue Pierre Curie - 94700 MAISONS-ALFORT (France).
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of oxen preduce 16Q kg, whereas 3 pairs produce only 200 kg,

corresponding to an increase of 2% instead of the S0% theoretically
expected.

Breeds:
On acetount of thelr greater body weight {between 450 and 700 kg)
the Kenitelo cattlie and the Brahma cross-breeds develop 3 greater
tractive effort than the Madagascar zebus ({approx. 1/8 of their
body weight during continuous working). However, economic factors
hampetr the spread of these highly suitable breeds.

o) Qverwerking and undernourishment of the animals:

The animals are subjected to a great deal of use in the main cul-
tivation period betweenn September and Octcober; they are often
forced to work for more than the recommended & hours. This situa-
tion is made still worse by the fact that the animals are under-
nourisned, mainly because:

- the farmers are unaware of the animal's requirements and

- there (s little motivation for additional expenditure on extra
food for the animals on account of the low salées prices for
agricul tural produce,
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6. Prospects

As a result of the continual worldwide price increases for petrcleum
products and the fact that no new petroleum deposits have been found
despite intensive prospecting,the use of draught animals will still
remain the major scurce of traction power for agriculture in Madagas-
car for a long time to come.

Various measures could contribute towards increasing the profit-
ability of animal traction:

Advice on and spreading of improved breeds (Renitelo, cross-breeds,
Brahmas) on a large scale;

t

Improvement of the veterinary services and feeding of the animals;

Provision of suitable agricultural implements for the farmers;

Guaranteeing of an efficient maintenance service through the
"setting-up of repair workshops and the provision of financial sup-
port and equipment for ruralcraftsmen.

Lastly, large-scale introduction of tractors in the country, as is
at present taking place within the scope of the programme to increase
rice production, will provide an opportunity to investigate promising

combinations of the three forms of mechanization:

- manual labour
- animal traction

- motorized traction power

which, depending on the crops cultivated, would be suitable means
of improving the farmers' incomes.
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i. Introduction

As early as 1834 the British attempted to introduce the use of
draught oxen in the then Northern Territories of the Gold Coast,
The main obstacle, the tsetse-flies, had been driven out of the
region; moreover, sufficiently strong animals were available. Dem-
onstration farms were set up at several agricultural stations, e.g.
Zuarungu, Bawku, Navronge, Babile and Nyankpala/Tamale, and the use
of draught oxen encouraged in conjunction with other innovations,
while similar work was alsc started in schools.

Once Ghana had attained independence in 1957 and under thé then
President NKrumah, the use of draught oxen was regarded as backward
{("total break with primitive methods"), inefficient and colonialistigc,
and priority was given to tractor-based mechanization of agriculture
{"gigantic agricultural schemesz"). The direct result of this policy
was that the then around 3000 farmers using oxen in Northern Ghana could
not obtain an adequate supply of ploughs and spare parts., The use
of draught oxen was totally neglected and many farmers were forced
to stop using this method. Only in the extreme north-east, in the
Bawku District, did the number of farmers using oxen increase; these
farmers probably smuggled in ploughs from Nigeria, lpper Volta and
Toge and were subsequently supplied by the church-run agricul tural
starion in Gara (1963},

Following the fall of Nkrumah and once it was clear that tractor-
based agricultural mechanization was nevertheless encountering ex-
cessive problems, attenticn in the seventies was once again focused

on animal traction:

-~ Practical courses in the use of draught oxen were held at the
Nyankpala Agricultural College;

L

- The Christian Service Committee (in which a number of Protestant
churches joined forces) opened the Yendi Agricaltural Station and
made the use c¢f draught oxen, combined with the supply of ploughs
and sSpare parts, the main elements in its "agricultural extension
service;

- This was followed in 1974 by the 3Ihanaian-German Agricultural De-
velopment Project (GGADF) in the Northern and Upper Regions with
the Gushiegu and Banile Agricultural Stations, in which the use
of draught animals did not gain momentum until the second phase
of the project.
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2. Conditions for the use of draught animals

2.1 Natural locational conditiens

The Northern Region is located between the 9 and 10°N lines of lati-
tude, covers approximately 70 000 ki® and has around 730 000 inhabit-
ants. The population density is only appreox. 10 inhabitants per km®
and is relatively low in comparison with the average population
density in Ghana of 4% inhabitants per km®.

There is only one rainy season, lasting from mid-April until the
end of OGctober., with 1100 mm of preecipitation on average. The tem-
peratures range bhetween 2% and 30°C. The major feature of the dry
season, which lasts from mid-November until the end of March, is
the Harmattan, & hot wind from the Sahara, which brings a great deal
of dust with it. The relative humidity iz extremely low at approx.
1%% and daytime temperatures can be as high as 45°C.

3 main sell types can be distinguished: groundwater laterltes,
savannah ochreoscis and acid gleisels in the river valleys. Ground-
water laterites are pale sandy o silty lecam soils with a depth of
Wi be 60 om which rest on a hard, almost impervious layer of clay
with a high iron content. The drainage in these goils 1s poor; water
aecumulates during  the rainy season, while during the dry season
the soils dry out completely.

The savannah ochroscls are of better quality and consist of red to
reddish~-brown socils which drain well. In the valleys these soils
are deep; elsewhere they are sometimes extremely shallow, comprising
apprex. 2% om of erumbling, porous lgam seil. Underneath are water=
permeable laterites containing iron.

The white, usually acidie gley soils in the river valleys are highly
suitable for rice cultivation.

Commoen features of all the solils are leaching during the rainy season
and evaporation in the dry season. Leaching causes valuable minerals
te be lost, while the high degree of evaporation leads to formation
of a layer of laterite (deposition of phosphorus) near the tcpsoil.
Almost all soils have a low humug content which may be attributed,
among other things, to the yearly bush fires. During the dry season
the soils are rock-hard and the first rain runs off before it can
be absorbed by the sprouting vegetation.
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The vegetation consists of bush savannah with fire-resistant trees
with a thick bark, such as baobab, shea, acacia, dawadawa and nim,
and thizk grass wp te 4 m khigh. The Northern Region is a slightly
hilly plain, approximately 300 m above sea level, and is divided
by the river valleys of the White Volta and the Oti,

2.2 Srructural locational conditions

only around 4% of the total area =« approx. 280 000 hectares - of
the Northern Region have to date been used for agriculture. Half
af this area is still ilying fallow or is used extensively as live=-
stock pasture. The region comntafins around 60 000 farms with an aver-
age cultivated area of 2.5 hectares. The size of a farm depends on
the number of family members, particularly young men, who can help
with the work. The land g usually cultivated in the traditional
manner using hoes and malze, millet, seorghum, yams and cassava are
grown as subsistence crops. Groundnuts, rice and cotton are the major
cash erops: tobacco, kenaf, vegetables (tomatwes] and spices are
of secondary imporsance.

Mixed cultivation predominates; only rice (s grown over wide areas
as a single crop.

Degpite the wvast reserves of land, still remaining shifting cultiva-
tion is found orly in a few areas in the Northern Region; semi-perma-
pent and persanent agriculture are the predominant types.

Animal husbandry as an actual production method is of no importance.
However, I0=40% of all farms own cattle, which are kept for the most
part for reasons of preatige, as a means of accumulating wealth and
as & stand-by for obtalring cash in an emergency. The moat common
breed iz Ehe West African Shorthorn, which is sometimes crouzscd wfth
zebus., [t s sufficiently trypano=tolerant and strong enough to be
wsed to provide traction power. The livestock population is estimated
at 700 000, Ownership structures are complicated; there are essen-
tially 2 types of livestock ownership:

a) Family-owned livestock (joint ownership). where the head of the
family determines how Lt is to be used;

b} Privately-owned livestock, where ownership 1is sometimes Kept a
secret from the extended family for fear that they will claim
that they are entitled to use the animals.
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'ifhé ‘social structure in rural areas is sStill determined by the
traditional hierarchical structures., The chief and paramount chief
of a tribe have almost uniimited power over what goes on within their
sphere of influence. Together with their council of elders, the di-

vigional ang village chiefs maintain social order in theip villages
- and settle land disputes and other arguments between their "subjects”.

"=Th95g@vernment reimburses the chiefs for their expenditure, in return
ff@rl.wﬁiahf they are regquired to carry out certain duties such as
coljection of poll tax. The extended family, with the traditional
@ﬁtriar@%a& structure, is predominunt throughout the Northern Region.

Land ownership

In accoprdance with traditional practices the "tendana", the priest
of the earth god., has at his dispesal all the land in the Northern
Region and anyone wishing to own land must obtain his approval. In
return the person acqulring the land must being a gift, e.g. a basket
of miilet. Land aequired by a family in thig manner remains the prop=
erty of the family as long as the latter eéxists. Even the recently
introduced commercial rice cultivation has hot changed this tradi-
tional form of land ownerhip., Land may be acquired only with the
approval of she tendana, the chief and the council of elders,

2.3 Evonomic locational conditions

C Al though Northern Ghana has a relatively well developed network of
matn roads, there is nevertheless no satisfachtory access road system
bo conngct remote villages., Many areas cannot be rpeached by truck,
particularly during the palny season. The women must carry the agri=
cultural produce and production requisites to and from the distant
markets on their heads. The market prices feor agricultural products
inn thege areas are accordingly low.

However, farmers living in villages located directly on the main
roads do not encounter marketing problems. A system of around 60
main and subsidiary rural markets, with markets held every 6 and
3 days respectively, ensures that the agricultural produce is soid.
Private dealers and market agents buy up the produce and have it
transported to the towns, Although the government has introduced
fixed prices for almost all products, these are of importance only
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to the state marketing institutions, such as the state rice and oil

mills ete. The market prices are governed by supply and demand and
sometimes- there is talk of black-market prices.

Ghana's economy has been stagnating since the early sixties. The
per«capita income has decreased and the value of the currency - the
cedi « has dropped continuously. The main cause of this was the econ-
omic policy started under Nkrumah, which was excessively geared to-
wardg “industrialization™ and “mechanization™ and which then led
to Ghana's present economic decline ags a result - among other things -
of ever-increasing corruption. Ghana had nevertheless been in a
relatively good position at the time of independence. The land is
rich in natural resources, such as wood, bauxite, gold and diamonds
and has a relatively good infrastructure as far as roads are con=
cerned., Yo 1957 Ghana's balance of trade surplus was © 300 000 000
sterling in gold. However, the over-hasty industrialization, coupled
with purely tractor-based agricultural mechantzation, proved to be

[ A ca. roll | Y b [ s i cen b owanx R R N | [ oo A =3 | S o & el oy
& fatlure and by 1966 the ocountry already hada a balance ol trade

deficit of € 600 000 00O sterling. The high degree of agricultural
mechantzation on a collective basls had been carried out tor politi-
cal reasofns: “small-scale private Cfarming lz an obstacle to the
apread of socialist ideas. it makes for congervatism and acqulsitives
nesz and the development of a bourgeois mentality" (4, p. 40). By
the mid-t'ifties an attempt to use tractors in agriculture in the
savannahs of Northern Ghana had already proved to e an expensive
error (4). By the mid-seventies it was clear that the latroduction
of tractors had net paid off, There were not epnough skitled tracror
drivers and it was almost impossible to import apare parts due to
a lack of forelgn exchange: many tractorg were left standing around
in & state of disrepatr and could no longer be udsed. In recent yoars,
moreover, there has been a shortage of diesel fuel, oil and lubri-
cants s0 that even tractors in working condition could no longer
be wused for ploughing. As a result of this bitter experience it was
only too logical that the use of animal traction should be encouraged
again, particularly as there was a good example of this in the Bawku
District.
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Until 1972, however, the activities were concentrated seolely on pro-

moting mechanized rice-growing over large areas, a topic which at
that time still occupied a position of prierity in national policy.
The Ghanaian Government wanted to hecome independent of rice imports,
which was in fact achieved in 197% for a brief period. The German
project plaged a major part in achieving this target and was held
'-tn high esteem in both Ghanaian and German government circles. The
vagt majority of smallholders, however, were not involved and played
little part in the successes during the rice boom,

As from 1974 the project concept was gradually modified and activities
concentrated on promoting the smallhelders. Thiz change of objective
was accepted, particularly as the Ghanaian Government started a
similar campaign called "Operation Feed Yourself". Thanks
to the distribution of mineral fertilizers. the smallholders were
familiar with the project which could thus build upon an existing
basis of trust. The prerequisites for reintroduction of draught oxen
were thus favourable from beth angles: the Ghanaian Government was
in agreement with the move and the farmers had a certain amount of
faith tn the project,

3.2 Modifted project plan for prometing the uge of draught oxen

The project's new objective was to improve the standard of living
of the asmallholders, i.e. thelr income from agricuiture. This was
to be achieved primarily through introduction of appropriate tech-
nology,. combined with training and extension services for the farmers,
& better supply of agricultural production requisites for the smalle
holders and improved ét@rage of agricultural produce. Promotion of
the use of draught oxen thus cccupied a position of major importance
in this “package", since this had been defined as the "appropriate
technology" in question. Seen asz a whole, the eonditions were favour-
able:

- Animals are available; 30-40% of all smallholdings have cattle.

= The breeds of cattle in question are relatively trypano-tolerant.

- & Veterinary Service exists, even at iocal level.

- The government programme entitled “Operation Feed Yourself" in-
volves substantial promotion of smallholders,

- The men are traditiomally responsible for tilling the soil.

- Use of animals is traditionally not rejected.
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.nﬂugh tractors are available in view of the fact that they
':then cannat be repaired due to a lack of spare parts; the private
;raetar gervices are becoming very expensive and are almost out
of ‘the reach of smallholders.

fThe'use of draught oxen doe& not have te ke introduced as a new

fsuceess in reintr@ducxng the uge of draught axen.

f?he aize @f the pr@ject area with its various tribes led to a re-

j;gkonal appr@ach ‘being .planned. The requirements of the Northern

:{Heglan were to be met on a long~term basis by around 20 agricul tural
stations, each of which is responsible for the surrounding district

aver anm area of approx. 30 km., The main tasks of the agricultural
stations are as follows:

_&géﬁcuitur&i-rext@nsian services with emphasis on promotion of
'&réugnt oXRel.

Providing the farmers with agricultural production requisites such
as improved seed, mineral fertilizers, ploughs and spare parts,
hoes ete.

- Betting-up of a demonstration farm.

Awarding of credits and organization of repayment.

the stations are run by a Ghanaian Technical Officer, assisted by
I or @ development aid volunteers. The DED (German Volunteer Service)
agreed to participate, as did the Canadian volunteer serviece (CUSO)
and the American Peace Corps. In order to galn experience a 2=year
pilot phase with only 2 stations preceded the actual preject, fol=
lowing which a start wazs to be made on setting up the othep stations.
The aim was to openh 2 gtations each year.

The GGAUF project management decided in favour of introducing the
use of animal traction in this way since the existing general agri-
cultural extension service would have been cvertaxed if called upon
te perform this task. A system of well-equipped agricultural stations
and substations at the same time provides an opportudity to involve
the extension workers again and gradually integrate them into an
extension programme with the main emphasis on draught oxen.

puring the initial phase the programme is coordinated by a coordinator
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an_c'ounterparv the work is subsequently to be divided

‘"‘.' to around 6 sta’cions.

‘I‘he responsxbllities of the coordinator and

“othe _dep'rtments of the pro&ect.

Procureme t of materxal {in Ghana, Federal Republic of Germany,
ppen,Vol a}, 1ssu1ng af material and settlement of accounts for
 fEhefagbi6uitura1 stations.

= Collaboration with church-run stations (assistance in the form
of material and transportation).

Qghééhéiliﬁg.ﬁf;credita for the Agricultural Development Bank.
QH@;diﬁgebf;manthlyaand yearly steff meetings.

:’j PéfEi¢iﬁat1cﬁ. in the planning and setting-up of an equipment
 ?ﬂféct@by'£n Tamale.

”Fxg. C/IV/E. Transport and distribution of water. In this field draught animal
: AR ization saves.a lot of. labour, especially for women in rural

areas. (Photo: Wessclowski)
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gr cu 'ural statlons as 1mp1ement1ng institutions for the

“H1: use of. draugg; oxen at_ local level

5:4,1-Background and experience to date
ed at promotlng local agrlculture had al-
'Bab;_e;xBawku and Nyankpala/Tamale. Church-run

a1d _0 ganlzatlons later set up similar stations e.g.
er Wale wale and Yendl._Use of draught oxen was

nd: stlil is a magor area 1n the extension work. In coordination

:w1th the Chrlstlan Serv1ce Committee (church-run development aid
ofganlzatlon) ‘the first GGADP station was built in Gushiegu, around
5;50 km north of Yendi. This area had a substantial agricultural de-
'”velopment potential. 12 farmers trained by the CSC station in Yendi
were already using draught oxen and the numerous farmers were inter-
Ifé#ted?ih-adopting the new technique. In Babile {Upper Region) it
. was possible to take over an old station, where the work in practical
=>téf¢s involved*reintroducti@n of draught oxen. These two stations,
'loeated in greatly differing regions containing various tribes, were
selected for the pilot phase in order to gain as broad a range of
experience as possible., The results achieved at these two stations
formed the basis for the framework programme which was subsequently
drawn up at a seminar by development aid volunteers and experts.
This programme was binding as regards choice of location, setting-
up and running of a station.

The following are important criteria when selecting a location:

= Sufficient agricultural development potential
- Existence of infrastructure with emphasis on water supply and
éccessibility
- Suitable tribal and social structure (i.e. adequate number of
" viliages and farms)
- Availability of animals
= Efficient trading system and good administration.

4.2 Setting-up of an agricultural staticn

-The setting-up and rumning of the Nyankpala Agricultural Station
- will be described below as a practical example. Nyankpala is situated




':'Vipﬂmiieé;Weét_of Tamale in the region of the Dagomba tribe. Since
1940 it has beer the site of the Crop Research Institute and the

Nyankpala Agricultural College, which have promoted agriculture in
North Ghana to a great extent. The agricultural station comprises

~~“a’4-hectare demonstration farm, a local compound with 4 huts, a kraal

ﬁf@fjgd;bxgﬁ,,i_miﬁéral_fertilizer store with 5 external depots, 1
tool 'shed with carpentry 'shop for sales and 1 farmhouse with an
office. 'In ‘cooperation with 1 or 2 development aid volunteers the

“:fépétidﬁ _is'runfby_J; Technical officer, 1 third-year learner and i

fﬂffiéld”?aséistant. The station personnel also include 7 ploughmen,

3¢of whom are supervisors, plus 3 labourers, 1 watchman and 1 herds-

-man,
The station's demonstration farm is intended - particularly in the
initial phase - to serve as a practical example to help in winning-

over farmers interested in using draught oxen. The station personnel
are at the same time to gain experience in using new varieties (seed
production) and employ improved cuvltivation methods. The labourers
uze the station's own oxen for work in the fields; good workers are
promoted to '"ploughman" after approx. 1 1/2 years and then provide

extension services for the trained farmers, At least 4 different
field crops (1 acre per crop) which are grown generally by the
farmers in the area are cultivated on each station farm. In contrast
to the traditional mixed cropping, the system used at the stations
is single cropping with crop rotation (in Nyankpa;a: groundnuts -
sorghum - malze - millet and beans). Next to the demonstration
fields is an enclosed 2-hectare pasture and next %o this a mango
plantation covering 0.5 of a hectare on which trials using legumes
(Cotolaria and 3tylosantes) are carried out. The farm covers a total
area of 12.5 hectares and is surrounded by teak trees.
The compound is used to accommodate the farmers to be trained, who
attend 3-week training courses and live too far away to be able to
go home each day. The large entrance hall is used for meetings and
as a classroom.
The oxen are kept overnight in the bullock kraal, where they are
additionally supplied ﬁith fodder concentrate (maize, sorghum, ground-
nut and millet straw) during the dry season. The straw serves simul-
taneously as litter; the dung is taken to the fields at the beginning
of the rainy season. 12 oxen are kept; 4 of them belong to the sta-~
tion, while the other 8 form the "oxen bank'. These oxen are in some
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ases glven to farmers on . credlt but are usually exchanged for other
-_oxen too small to be used for ploughing. In this case the farmers
"must_pay a corresponding additional charge.

.'iTogether with the_Mlnlstry of Agrlculture the staticn organizes the

‘.utlon,of m1nera1 fertlllzers -in its extension area. It has
le : ;&ardund 10 000 sacks in the 5 external depots;
n:1979 approxlmately 50 000 sacks of mlneral fertilizer were dis-
tributed to: 'round'f_ooo smallholders..The dlStPlbuthn of fertilizer

méant_thatnthe agrlcultural statlon 1mmed1ate1y became known to all
_the farmers and was- able to win their trust to a certain extent.
:kFarmers u31ng oxen are given preference during distribution, whereby
_ymlnepal fertlllzers constitute a powerful incentive large-scale :
=:farmens'must buy mineral fertilizer in Tamale). The tool sales room |
~ is used to store the plough-ridger combinations (ST 22 Eberhardt)
.. and. spare parts for the yoke sets made by local carpenters (2 yokes:
"~ one -5 feet wide for ploughing, ocne 7 feet wide for ridging, nylon
‘ropes for guiding the oxen); it also contains locally-made hoes,

leometimes sacks, plant protection agents and chemicals for improving
the storage life of grain etc, The station farm itself is equipped
with the following: 2 ploughs including a ridging plough, 1 ox cart,
1 dressing drum, 1 knapsack sprayer, 2 wheelbarrows and various tools.
The following means of transportation are available for the plough-
men and the station management: 9 bicycles (1 per ploughman), 2 motor—
cycles and 1 VW platform truck with double cab.

4.3 Extensicon work

Practical implementation of the draught oxen programme by the agri-
cultural stations can be divided up into 3 phases:

a}) The setting-up and start-up phase
b} The expansion phase

¢) The consolidation and handover phase

a) Setting-up phase

During the start-up phase (approx. 2 years) the station must be
set up and the personnel selected and trained. At the same time
the first farmers to attend the training courses during the dry
season must be recruited. The decisive factor is the perscnal




The chiefs of the Dagombas,

ith. Ehé“fafméréwénd chiefs.

_féf ékéﬁble,'are saluted by their "subjects" twice a week, namely

 on Mondays and Frldays. The draught oxen programme is introduced

at one of thesehlarge meet1ngs,=whereupon it is essent1a1 to point
ut -t the chlefs'and_far. rs_the advantages of draught oxen

-;a palr of oxen as

against 3_acres u51ng “a, hoe) The "Promotlon of draught oxen"
 in Northern Ghana is’ based on the theoretical assump-
: ;_that ‘an: 1nd1v1dua1 farmer can double his crop area within
*LS,yeérs if - he adopts the new ‘technique. The GGADP personnel
'._and those at the church-run oxen station are, however, sceptical
as regards this target, since draught oxen are not used correct-
1y-in ‘all respects by the trained farmers due to inadequate
.:':fpildw;up-lsﬁpérvision of the. farmers completing the courses
:Lgnd:problems ihjth§ input supply (6).
‘"Q;ItfiS then decribed how a "“hoe farmer" can become a "bullock
" farmer": he must own two strong bulls and buy a pair of yokes
and a plough-ridger combination. During the dry seascon he then
attends a 3-week training course at the station with his animals.
He is given preference during distribution of scarce agricul-
tural production requisites and during the rainy season is ad-
vised on the cultivation of field crops and instructed in
correct ploughing and mechanical weed contrel by the ploughmen
"iﬁ-his own fields. The initial explanations are usually followed
by long discussions during which questions are answered and
prcblems such as procurement of oxen discussed. At the end of
the discussion attention is drawn to film and slide evenings
during which the techniques mentioned are shown in practice.
The farmers are later invited to the station which holds several
"Farmer Days" when the station farm is explained and ploughing
and mechanical weed control demonstrated. The names of the
farmers attending these “Farmer Days" are recorded and the
farmers are then visited and advised in their villages or in
their fields. Their draught oxen or bulls are inspected and
preblems concerning the financing of draught oxen discussed.
During the start-up phase i* is mainly the station management
-:Tfﬁijﬁgﬂﬁpe_ﬁgchpiggl_foicep,_thirquegr learner, field assistant
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“an ;development ald volunteers) who are respon51b1e for winning-
 over the farmers for the programme They work in close coopera-

_7t10n W1th the Information Unlt which has a mobile cinema with

' fllms and sllde series showing the use of draught oxen.

HNkyankpala 5 farmers were recrulted and trained in the use
of draught oxen durlng the flPSt year and 28 durlng the second.
A3 week tralnlng course d1v1des up roughly as follows

”ﬁ”Leadlng the oxen on the rope

_ __ffmhe oxen must walk whlle wearlng the yoke

'7TfDays 6 ~14 "T;The ‘oxen walk whlle wearlng the yoke and draw
o - _' 1we1ghtS which, ‘become heavier from day to day

'*fDays_is—él:: ‘The oxen draw the plough over dry ground

,Thé 'farmers at the same time receive theoretical instruction

.supplemented tnr d15cussmons. The following problems are dealt

nw1th guldlng of oxen, “animal health, animal nutrition; plough-

'.”1ng and mechanlcal weed control, improved seed, uvse of mineral

7-féftilizers, planting"distances; erosion prevention, development
of 'humus, green manuring, production and use of compost and
manure. Following instruction the farmers must dismantle and
reassemble the ploughs and maintenance (lubrication) and re-
rlacement of worn parts are explained.

"Internal station meetings are held twice a month to permit joint
discussion of the work for the coming weeks (for both the sta-
tion farm and the extension service),

b) Expén#ioﬁ phase

During the second year the good farm workers are promoted to
-“pldughmen” and help to advise the farmers. They give particular
assistance during the practical part of the training courses
and during the rainy season instruct the farmers in their own
fields on the use of the plough and rldger. Towards the end
of the rainy season they learn how to castrate animals and fit
nose rings. Good follow-up supervision of the trained farmers
is considered highly important. The bullock farmers are given
preference in the distribution of scarce agricultural production
requisites such as mineral fertilizers and improved seed; they
are visited regularly once a week by plecughmen and/or the sta-
tion management and given further training in correct ploughing,




planting distances,
'” uéefdf:ferti1izgr$'andianimal'feeding are repeatedly discussed.

A farmer informs the station if he has problems e.g. if his animals
'-afe'ill' A.mémber-of the -station management and a ploughman then
Cwvisits hls farmf;mmedlately and treat the s1ck ‘animals in cooperation
'th_the veterlnary:serv1ce.:The first: "bullock farmers" in parti-
cular are:lntended td provxde a good example of .the successful use
. ‘  _ : ':'1nce they are: observed above all by their relatives,
gfriendsland nelgnbours who then also want to part1C1pate in the pro-

Crop varieties,

 fidéihérandfmééhahiéalﬂWeeding.

'.”gramme. An 1nvest1gat10n carrled out in the -course of evaluation
-j of the” oxen programma also establlshed very clearly that the farmers
5u51ng oxXen act to a 1arge extent as models in their social environ-
-?_ant, In tnls context we can say that sucessful bullock farmers
' realiy do have a "muliplier" effect (6, p. 84ff).

Dubing the expansion phase the training courses no longer take place
_ simp1yfat-theistation'but are held more and more in the villages.
'2fdr groups of wup to. around 10 {0l1d and new) bullock farmers. The
. ploughmen -are ‘given particular encouragement and are urged to carry

Out:ﬁprk on their own. They are allocated their own extension areas

*énd farmérS'(up to 14 old and new bullock farmers} for which they

are responsiblé. Pairs of ploughmen are eguipped with a castration

set (caétration tongs, nose-~ring inserter, nose rings); they recruit

new farmers. and prepare their animals for training. Around 130

farmers have .been recruited and trained in this way in Nyankpala

over the last two years,

Activities during the year can be summarized as follows:

January - April:

Trainihg courses, sale of appliances and spare parts, fertilizers
and geed.

“April -~ June:

¥isits to farms - advice in the fields (ploughing, ridging, mechan-
ical weed control ete.), sale of input materials, hoes and spare
parts.

July - August:

Advice on treatment of weeds, organization of field days at the
station's own demonstration farm, animal hygiene.

October - December:

Recruitment of farmers for the next training courses using Super-
8 films and slide series, assistance in the selection of animals,
animal hygiene, sale of ploughs and spare parts.

...The normal work on. the demonstration farm continues alongside
these activities,
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Fig. C/I¥/3: So-called "Ploughmen" help th: farmers when training oxen. The
helping youngsters loose their fear of the animals and they too
learn to handle them at an early stage. (Photo: Wessolowski)

Sub-centres belonging to the agricultural station and run by Tech-
nical Officers were set up during the expansion phase. One sub-
centre consists of a store, a house for the Technical Officer
and a demonstration farm of approx. 2 hectares. The sub-centres
are visited regularly by the station management at least twice
a month; during these visits ideas are exchanged, problems dis-
cussed and the extension work for the coming month dealt with.
The Technical Officers have attended training courses and are

intended to promote the use of draught oxen in their sub-districts
in a similar manner.

Conseclidation and handover phase

Whereas the main concern in the first two phases is to set up
the station and its sub-centres, recruit as many farmers asposs-
ible and train them to become skilled in the use of draught oxen,
attention must be paid during the consolidation phase to ensuring
that the programme can continue on its own after approximately
another 4 years. The farmers already using draught animals are

to train their own oxen themselves and, if possible, help to in-

“'struct the ‘farmers subsequently adopting the new technique and

train their animals (possibly in return for payment). Hoe farmers




™

Py

'lare to learn from bullock farmers.'In order to lend weight to
'thelr Justifled demands to the M1nlstry of Agriculture as regards

-the _supply_ of plougha, ox carts, seed and mineral fertilizers

jetc.,_ the bullock farmers ..should JOln forces in cooperatives.
JThe_Nyankpala Bullock Farmers ‘Association was founded in Nyankpala

"=the end of 1979 for thls purpose. The association's membership

comprlses 155 bullock farmers from the ‘extension area covered

:by the-Nyankpala-Agrlcultural Statlon' 15 of them are district
fleaders (1 dlStPlCt leader is elected by 10 bullock farmers from
'kfhls dlstr1ct) of whmn 3 have been elected as managers of the
'cooperatlve,and 1 as secretary.

‘The ‘ploughmen either become.bullock farmers themselves and promote
_thelose:of draoght oxen as '"private agents" or remain at the sta-
‘tion and act as extension agents to promote the use of oxen in

their areas. After 6 to 8 years the station should be run by a

s Senior: Technical Officer on his own, while Technical Officers
ucontjnue_the work at the sub-centres on their own responsibility.
ZIt is important that the farmers should always be able to buy

reasonable-priced ploughs and spare parts at the stations or sub-
centres, Other simple agricultural production requisites (such
as mineral fertilizers, plant protection agents, hoes and sacks)

should likewise always be available in sufficient quantities for
all the farmers,

C/1V/4: Teaching the farmers the proper care of the implements is as important
as the good handling of the draught animals.: {Photo: Wessolowski)
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. ‘4,4 Sltuatlon as regards introduction of animal traction by the GGADP
' in. the Northern Region as at the end of 1979

fﬁNumbéffOfﬂfarmérS“whbghavevpafficipatedfin an _oxen training course

...":_..Q%HC 2+3) T T oy
- [Station’ | 1974 1975 1976 1977 1978 1979 1980%) Total
CTono "(4.0_) (a8) 54 80 45 - - approx. 1.000
o ® B 6 28 57 61 - approx. 150
Bablles) L _
Cloushiesu 15 37 es B3 45 67 approx, 300
- {Nyankpala 5 28 59 75 approx. 200
 |savelugu | 3 25 53 68  opprox. 180
Sewla 13 6 15 approx. 40
.Bimbilil"a'f_ o _ 3 6 12 approx. 20
Karaga R 15 approx.
e B8 | | ,

Notes 1) The 1980 fipgures are estimates.
T 2) Development aid volunteers worked at the Tono station for 4 years; courses

had already been organized earlier by the agricultural extension service.

3) The Babile, Tono and Wa stations are situated in the Upper Region where
the World Bank started a regional agricultural project in 1977. In the
past 3 years the stations in this region have been handed over to the
URADEP (Upper Regional Agricultural Development Project) and the GGADP
confined its work to the Northem Region.

_Usé_of_draught oxen may be considered as having established itself
in the Gushiegu area, where the station will be run by the Ghanaians
on ‘their own as from 1980. The use of draught oxen has met with great
';intéreSt in the areas covered by the Nyankpala and Savelugu stations
'and ih the'long term the programme is to continue independently in
“these areas as well. The southern part of the Northern Region con-
tains the Sawla and Bimbilla stations; the population density is
ldwer in these areas, the vegetation more lush and the introduction
__of draught oxen will take longer 51nce there are not enough properly
_?“cleared areas available. :




i :of the use of draught oxen as a new technique in the
-and Upper Reglons can be said te have progressed favourably
The target population is showing a very high degree of
general 1nterest in this new method and it has not been possible
y 5031ocu1tural factors WhICh could hinder further

however, deSérvés 'particular attention.

a: hlgh'degree_of leEPSlty The dlffu31on process for the new tech-

Lnig e'is at'present still in its iritial stages; the total number

ullock farmers in the Upper Region is estimated at % 000 and
that 1n_the_Northern Region at 1 000. Surveys have shown that the
-f?fmebs'ﬁaing oken at present must probably be regarded as innovators
'Qq_"early users". A characteristic feature of these farmers is that
the r. economlc situation - seen in relative terms - is better than

that of the other -smallholders.

ffTheﬁjﬁS£ified*conclusion appears to be that the econcmic situation

. of the individual farmer is the decisive factor in determining whether
he goes over to the use of draught oxen. It must be assumed at pre-
sent that still more of these better-off smallholders will partici-

pate in the training courses in the near future and adopt the innova-
tion. Suitable programme measures (e.g. an efficient small credit
programme} must therefore be employed to guarantee that in the less
- immediate future the adoption and diffusion process does not stop
" when the better-off smallholders have al® become involved and only
~ (the majority of) the worse-off smallholders are available for
. further propagation of the lechnique (6, p. 64 ff and p. 70 ff).

' In order to ensure taht the bullock farmers are supplied with the
,' pe¢essary equipment, the GGADP has since 1979 been setting up a plough
‘and appliance factory in Tamale whichis to manufacture.2000 plough

‘ridger combination units per year (to date ploughs have been imported
" from the Federal Republic of Germany). This factory and its supply of
material will be the main factors determining whether the use of
- draught oxen can become established as a whole. It should not be
'lforgotten that is was a shortage of ploughs and spare parts which
led to the fallure of the flrst attempts to introduce draught oxen
in: many areas of Northern Ghana at the end of the fifties,
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:fpﬁibérience and results gained using the promotional approach

5.1 Experience within the promoting organization

" “The GGADP is fully integrated into the Ministry of Agriculture and
.introduction of draught oxen via agricultural stations has proved
Té@gg@#éfqi{ﬂThéSé{sﬁaf;ons, together with their sub-stations, simul-
taneously ‘serve as supply centres for distributing agricultural pro-
ﬁqQéﬁi@ﬁ;requisites_to the smallholders. The following main problems
ﬁéyérthéléSSwemérge:

::é)fSupplying the smallholders with production requisites presents
' problems on account of the present poor ecconomic situation in
Ghana. It is doubtful whether the supply can be maintained as
it has been to date.

The personnel of the general agricultural extension service do
not have adequate means of transport or living accomodation and
are also underpaid so that there is little motivation for the
extension officers to perform their work well (at the Nyankpala
Agricultural Station all members of personnel were given 1-2 hec-
tares of land for their own use which could be cultivated using
the station's oxen).

The development aid volunteers work at a station for only around
2 years. The turnover is too high, resulting in a lack of continu-
ity. The volunteers require a year in order to adapt to their
new surroundings, the farmers and the work and recognize the
problems.

The staff turnover among the experts was also too high in 1978/79.
The entire team in Tamale has been replaced within a short period,
which has had a detrimental effect on the continuity of the
project.




.[5 2 _5periences with the farmers and effects on the situation on
‘the individual farms

: f A1m0st all of the trained farmers {95%) changed over directly to

'u, _  en for ploughing. Ridging, mechanized weed control and the

ﬂu e of ox carts for transportation. _however, have to be given parti-

ular_prominencer during the extensxon work. Investigations and the

_;experiénces of the GGADP persennel have shown that only a relatively

o small number of the trained bullock farmers use the new technigue

for these purposes {6, p. 66 f and p. 83 f).

E'The:area,cultivated by one family was previcusly determined by the
numbéb of young men in the family who could help with the work. One
man using a hoe could cultivate only arocund 3 acres in a year. 1If
draught oxen are used, however, he can theoretically cultivate up
to 12 acres of cereals and legumes and alsc plough the fields for
‘yams and  cassava. Much of the weed control {s carried out today

" mechanically by means of reridging. During the short period of
tractor-based mechanization the smallholders had at least at the
end of the sixties had their fields ploughed either by government
of private tractor companies, whereby a labour bottleneck then never-
theless occured in the use of hoes for weed control and led to re-
duced yields.

Bulleock farms generally extend their crop area since sufficient land
has still been available to date. They can till their fields more
quickly and therefore sow earlier and in better time. The fact that
they can carry out all tilling and tending work at the right‘time
means that they achieve higher area yields. Once the cost of equip=
ment and oxen has been deducted they are left with an ilncome which
is on average twice as high as that achieved by comparable families
{(i.e. of the same size) engaged in hoe-based cultivation.

475




_vvﬁwﬁwwﬁﬂﬁﬂm.ﬁmm@"

I JGhanatan-German Agricultural Development Projet {GGADP):
Progect Documents

2} Yolker Lehmann:.
< pie Einfuhrung - und Verbret tung dep Gehsenanspantiung in derp
Horthern w@@waa mﬁmﬁ@m ﬁgmvgﬁwwmﬁmau

1y E. w,"m@mﬂ@sm,_ _
- ;ﬁ.nm@mqmﬂz% of @gw3@

4) Tony Killiek:
L A Study of Economie Policies in Ghana

.mwﬁ.@@ﬁaﬁm" .
e - cGrowing up in Dagbon

&) Gerd-Ulrich Lenders/Erwin Schweifhelm:
b Evaluation of the Information Unit, Extension Unit and
Bullook Programm.
Final report, Bochum, June, 1978,






GENERAL LITERATURE, ARTICLES AND PROJECT STUDIES ON

ANIMAL TRACTION IN AFRICA’

ABROMEIT, K.: “Landwirtschaftliche Betriebswirtschaftslehre, DLG-Verlag, Frank-
furt/i.; 1968,

ACHIYA, S5.C.P,,UNDO, G.: “The advantages and disadvantages of the 'Indian Method'
of training and controlling oxen". Nairobi, Kenya, Institute for Development
Studies, Occasional Paper No. 16: Proceedings of a Workshop on Famm Equipment
Innovations for Agricultural Development and Rural Industrialisation; 1975.

ADELHEIM, R. et.al.: "Economic Aspects of Ox-Cultivation'; University of Kabete/
Nairebi, Faculty of Agriculture, Workshop on Famm Equipment Innovations for Agri-
cultural Development and Rural Industeialisation; 1975,

ADELHEIM, R./STECK, K.: "Agricultural Mechanization, Cost and Profitability";
Schriftenreihe der BfE, Eschborm: 1974,

AGROPROGRESS GbH: “Einsatz von Zugkraft als Moglichkeit zur Verbesserung der
lardwirtschattlichen Produktion im Rahmen des CARDER-Atlantique, VYolksrepublik
Bariin, ™ Bon, West Germany; 1980.

ALKAMPER, J.: “Die Pfilge Athiopiens”. Zeitschrift fur Agrargeschichte und Agrar-
soziotogie, Dl=Verlag: 1971,

BAJARD, Ch.: “la traction bovine comme forme d'embouchie”. Séminaire 15RA-GERDAT
“Bilan et perspectives des recherches sur le développement rural menées dans les
vrik ths sapérimentales”, 19-21. Banbey/Sénégal, Mai, 1977.

BARTHA, R.: "Futterpflanzen der Sahelzone Afrikas". Weltforum Verlag, Munich,
197,

H.DLPLAL: “Le boeuf de trait en culture attelée”. Fiches Techniques, Paris.

B.f.E.: "La jutte contre la mouche Tsétsé et la trypanosomiase”. Eschborm, BfE-
Iohri Frenre ihe No. 14 1972,

BIGOT, Y.: "la mécanisation des cultures en région de savanne de CSte d'lvoire:
premiers resultats dune méthode simple, d'observation en culture attelée et en
culture  semi-motorisée." Université d'Abidjan et Ministére de la Recherche
dofentifique: Centre de Documentation TRAT, 1976.

BIGOT, ¥., ANNE, S.: “heférence d*utilisation des animaux et du matériel .gricole
de traction attelee en milieu rural". Bambey, Sénégal, CNRA/IRAT; 1974.

BINGBERGER, H.van: "Happort final de 1l‘*expert en production animale'. Centre Agri-
cole Polyvalent de Formmation. (Projet FAQ/'NDP UPV/68/507), mimeo. Matourkou,
Haute Volta, 1973.

BLANCKENBURG, P.v./CREMER,H.-D.: *“Handbuch der Landwirtschaft und Ermdhrung in
den E Entwicklungslandern.tVerlag Eugen Ulmer, Stuttgart, 1971.

HOATENG, E.A.: "A Geography of Ghana".

1} A detailed bibliography on agricultural mechanization has also been produced
by the NIAE (National Imsitute for Agricultural Engineering) in Silsoe, England
and can be obtained from them (author: POLLARD, S.J.: "A Seclected Bibliography
of the Ecoromics of Farm Mechanization in Developing Countries').

479




BODGAN, A.V.: "Tropical Pasture and Fodder Plants. Longmnan, London; 1974,
BOOKER, L.J.: "Surface Irrigation". FAD, Rome; 1974,

BORGET, M.: "Report on a Mission to Ethiopia Awassa Experimental Station". IRAT,
Paris, France, 1976,

BOSUNER, M.: Evaluierungsbericht iber das Projekt '"Lieferung einfacher landwirt-
schaftlicher Produktionsmittel/Mali*, GTZ, Eschvorm, 1976.

BOULANGER, C.: "La fabrication de matériel de culture attelée en pavs tropical'.
Séminaire sur le machinisme agricole CNRA, Bambey/Sénégal, 1971.

BOYD, J.: "Famm Equipment Development Project”, Dandawa, N.C.S., igeria. ITDG
(Intermediate Technology Development Group), London, 1973.

BOYD, J.: "Tools for Agriculture. A Buyer's Guide to Low Cost Agricuitural Imple-
ments", ITDG, London, 1976.

BRAUN, M.J.: "Agricultural Small Tools; Progress Report', FAO, Rome, Fsb. 1983,
BRITISH VETERINARY ASSOCIATION: "Animal diseases in the Tropics and Sub-tropics"

tuentan  translation: "Tierkrankheiten in den Tropen und Subtropen'. Konstanez,
Terra-Veriag, 1968),

BRUCKNER, H.: "Tropische Nutzptlanzen'. Springer Verlag, Berling 1977,

BRUWER, J.J./CROSBY,C.T.: '"Agricultural Mechanization in the Republic of South
africa, Agricultural Mechanization in Asia (AMA), Vol. VII, No. 1, 1977.

BUMLE, P.: "Awerinische Anschauungen iber Anspamung veon Plerden Lei den Feld-
arbeiter, Deutsches Kaltblut, Jahrgang 2 (1929), Heft 4.

BURGEMEISTER, R.: “Elévage de Chameaux en Afrique du Nord”. Schriftenreihe der
T4, Nr.o 21, Eschborn, 1975,

CAMBOURNAC, F.J.C.,et.al.: "African Trypanosomiasis", Geneva, WHD Techn, Rep.
Jeries No, 434; 1969,

CARILION,R./LE MOIGNE, M.: "The Evolution of Agricultural Equipme:r: in France
& the Lessons which may be leamed from it for the Developing Count . o', OECDw

Heport, 1975,

CARSON, 5.P.: Project of the Goverrment of Mocambique "Proposzed Alnc: ! Traction
Froject™, FAO/UNDP, Rome, 1978,

CASSE, DUMAS, GARIN: "Bilan des expériences de culture attelée en Afrique occi-
dentale d'exswusion francaise, Guinée exceptée". Tome I, II, III. LDPA/IEMVT,
MaisorsAltort, Paris, France, 1965.

CEEMAT: "Manuel de culture avec traction animale". Techniques rurales en Afrique.
MNo. 13, Paris, 1968,

CEEMAT: “'Aide mémoire du moniteur de culture attelée". Antony / France, 74,
CEEMAT: "Rapport de Mission A& Madagascar"., F. TROUDE, Juin 1977,

CEEMAT: "Mesure de la puissance des attelages (Afrique et Madagascs: . SCHERRER,
1966,

CEEMAT: Essais de matériel agricole & traction animale., Technigues .rales en
Afrigue, No. 14, Paris 1967,

480




CEEMAT/FAQ: "The Erployment of Draught Animals in Agriculture'. FAQJ, Rome, 1972,

C.F.D.T.,SERVICE TECHNIQUE: "lLa culture attelée dans la zone Cotonidre du Nord-
Careroun®™, M,A,T., Antony /France. 1968,

CHALMERS,G.R. /MARSDEN,R.H.: "Animal-Drawn Egquipment for Tropical Agriculture',
Journal of Agricultural Engineering Research, No. 3, Vol.7 (1967), NIAE, Silsoe/
England.

CHARRAY,H.: "Intégration de lt2levage & 1'agriculture dang la région de Marnkono
en Republique de C8te d'Iveire: exemple de 1'installationd'un nouves: nailsseur
bovin®. Difficultés-perspectives d'avenir. Bouaké, C8te d'lvoire, Colloque Hew
cherches sur 1'Elevage Bovin en Zone Tropicale Humide; 1977.

CLAYTON, E.S: "Mechanization and Employment in East African Agriculture™. inter-
national Labour Review, Vol.105, No.d, April, 1972,

C.M.D.T.: "Culture motorisée dans la zone Cotonniére du Mali’. Rapport annuel
1977-1978. Ministére du Développepment Rural Bamako, République du Mali.

CURFS, H.P.F.: "Systems development in agricultural mechanizationn with special
reference to soil tillage and weed control. A case study for West Arrica”. M.
Veerman & Zonen B.V.-Wageningen; L1976,

DAGG, H.: "Agricultural Mechanization in Tarzania™. Assiprment Keport to the Min-
istry of Agriculture/Dar-es-Salaam, December, 1978, FAD/UNDP=Progeanin.

DEOMAMPO, N.R.: "Comparative Economic Analysis of Experimental Uats oon the o
of Tractor and CARABOA in Lowiand Rice Faming". Philippine Agricalturaljst,
Vol. LTI, Nos. 7+8, December 1968/January 1969,

DIECKMANN: “Unser Acker”. dth Edition, Verlag Paul Pavey, Munteh,

DIMA, S.A;LL/AMMANN, V.F.: "Smallholder Development through  Intemmediate Tech-
nclogy™. Eist African Journal of Hural Development, Vol.#, Nos, 1 oaod 0. Nairobi/
Kampala/Dar-es-Salaam, 1974.

DINEUR, B.et.al.: "Guide pratique de la culture attelds aua Bonin'. Proproaane des
Nations Unies pour l'Alimentation et l'Agriculture, FAQ/UNDP, Rome, 1976,

DINGMORE, E.: "The Efficient Use of Animal Power'. Agricditural Engineeriog, Vol,d
[CLEF) N

DOPPLER, W.: "“Einfuhrieg in die Projekeplanung wnd Beurtellung®, Stuttpart=tohen-
heim, 1978,

DOUGALL, H.W.: "Average nutritive values of Kenya feeding stuffs for mminants,
Journal for East African Agriculture, No. 203 1960.

DOUGALL  H. W, /DRYSDALE, V.M. /GLOVER,P.E.: "The chemiczl composition of Kenya browse
and pasture herbage". Joumal for East African Wildlife, No, 2; 1974,

DRAWER, K.: "Anspanmoyg und Beschirrung der Haustiore”, DiG~Verlag, Frapgfurt/M.,
1959.

DRONNE, M.: "Problémes humains de développement de 1'&levage en zone sud du Tehad".
La culture attelée au collogque sur l'élevage de Fort-Lamy/Tchad (8-13/12/69);
B.D.P.A. /Paris, 1969.

DRONNE, M.: "Exposé sur la culture attelée - Réunion des cadres de 1'é@levage'.

B.D.P.A./Paris, 1968.

481




DRIRAGMOKE, J.H./BLAIR RAINS, A./LWE, G.D.N, et,al.: "The agricultural development
of the Garbia: an agricultwreal, envirormental and socio-economic analysis'.
Surbiton/U.K., Land Resource Division. Study No. 2z, 1977,

DUSEX, J.: "Beitreg zur Ausrmtzung der Pferdezugkraft im Gegpann. Zeitschrift
far Tierzsichtung und Zuchtbiologie, Band 79 (1963), Hett 3,

FAD/CEENMAT: "Manwal on the Employment of Draught Animals in Agriculture". Rome,
Ltaly, 1972.

FAD: "Effects of Farm Mechanization on Production and Dmployment”. Report of the
Expert Panel, Rome, 1975,

FAYE, J.: *“L'élevage tragitiorrwl dangs [*Unité expérizentale de Tyszé-Kaymor/
Sorkorong™. L1977,

FELDMAN, D.: "An Assessment of Altermative Policy Strategies in the Agricultural
Uevelopment of Tanzania and their Application te Tobacco Farming in Iringa". East
African Journal of Rural Development, Kampala/Dar-es-Salasm, 1969.

FERNGEBNER, R.: "Development of Draught-Animal Usge in the Rorthwest Province of
Zalriat . Report to GTZ, Eschbom, 1979,

FLocten, BL.O.: "Die Lelstagsprafuey and die prakEische Artein des Zugpfordes”.
cptal tin, Stuttpart-Hohenheim, 1952,

&

FORD, J.: "The Role of the Tryparwsomiasis fn Afvican Ecology”. Oxford, Clarendon
N LA

ition des pratiquws agricoles teaditionelles en zone sahélienne
de ErBEeoromie Bural du Higer, B.DWRPWAL, 1971,

FOANIIER, A.: "La culture atteldée au Notd Cameroun. Bilan et perspectives d'avenir”.
B AL, Parts, 1976,

FREMY, 3.: "Totem und Tabu”, Harburg, 1956,

b

GARIN, M.: "Bilap économique de la culture attelée dans quatre villages du Laghem
Grriembal Hegion de Koalack)”. B.0.P.A., Paris, France, (966,

CADEFROY-DEMMEYNES  PH.: “Croiscance deg Boving N'Dama s CNRA Bambey'. Bambey/
venwesal, Annales &l Centre de Recherche Agricoleaz, 1958,

GERADIN, M.: “La culture attelée dang e perimdtre de Quabigoays, Republioue de
Hare-Yolta", B.0.P.A., Paris, France, 964,

CERIER-MAUG, . /HALG,M, @ “"Zur Ckonomik der Gchsenanspannung im Vergleich zu Einsatz
o Hawhacke wxt Schlepper (am Beispiel Mali)". GTZ-Projektstudie, unwverdffent-
Licht, Eschbomn, 1979.

CHANATAN-GERMAN AGRICULTURAL DEVELOPMENT PROJECT (GGADP): Project Documents

GIDELE, W.: “Landwirtschaftlicher Fortschritt durch Einfllhnang und Verbessenang
vom Gerdten unhd Maschinen in Nordwest-Madagaskar'. Zeitschrift fur Ausléndische
landwirtschaft, Heft 4, 1967, DLG=-Verlag, Frankfurt/Main.

GILES, G.W.: "The Reorientation of Agricultural Mechanization for Developing

Comtries, Policies and Attitudes for Action Programmes and Effecs of Famm Meche
anization on Production and Employment”. FAO. Rome, 1972,

482




GITTINGER, P.: cited by DOPPLER,W., 1978 and RUTHENBERG.H., 1977,

GOHL, B.: “fropical Feeds - Feeds Information Sumaries and Nutritive Values'.
Rone/ERD. Agricul tural Study to. 96. 1975,

GRABISCH, W.: "Die Arbeitsleistung von Kihen umd Rindernn des Hohentfleckviehs in
18 Betrieben Stidwestdeutschlands. Dissertation, Stuttgart-Hohenheim, 1952.

GROGSER,E. /BFEIFFER,J. et.al,: "Etude agro-socio-dcoromique de base sur les con=-
ditions de dfveloppement de la Sous-Préfecture de Paoua/Ouham Pende, Empire
Centrafricain®, Tome [ + LI, Beihe Studien, HNr. IV/20 « IV/20a, Technische Uni-
versitit Beriin (FIA), 1977/78,

HAMAD, G.. “Homadism as an economic career apong the sedentaries of the Sudan
savarraly belt”, fn: Cuningson, ./Jawes, W Sudan ethnography. London, 1972.

HALL, H.T.B  "Diseases wnd Parasites of Livestock in the Tropics”. Intermediate
Tropical Agriculture Series, Longman, London, 1977.

HAMON, H.: “Création, amélioration et perfomances d'une race de bovins de trait
as CNEA. de Bambey™. TEWT-Colloque sur |*Elevage, Fort-Lamy/Tchad, 1969,

HASTE, J. LE: rograpme de développement rueal 19771981 - Production Animale'.
Tome L - Prograses de développement de [élevage bovin dang le Sud-Tehad, 1976,

HALT de SICY, G.: "Pour wie intensification des cultures des collines dans le
Vakinankaratra (Madagascar)”. Institut Recherche Agroromique Madagascar. (Micros
Thohe TRAT O G631, L96m,

HENEY, A.: “Fosal dtanalyse Scoromlaque des petires exploitations agricoles du
Toetl o/ Mapoct . Micro=iohe, CEEMAT, Antony/Paris, 1972,

FEYER, J.: "& peeliminary report on fasm surveys: teactor and ox-cultivation in
Mabneend s Bugema''. Institute for Development Studies. Occasional Paper No. 16.
Haf pobet MKeryra, 1975,

HOLTKAMP, R./KRAUSE, R./MAIER, H.: "Staed der Mechanisierung der Landwirtschaft
in Bewisserurgsgebieton as@Bereuropdischer Mittelmeeplirder”. Institut fur Land-
masthirerdorsehurg, der FAL Braunschwelg-Volkenrode, (Unversffent)ichtes Gutachten),
1978,

HONISCH, O./AKED, L.C.: "8etter [rrigation by Tle=Ridging in Zawbia", Appropriate
Technology, Val, 1 (1974}, No. 3. ITUG=london,

HOPFEN, H.J.: "Farm Implements for Arid ang Tropical Regions'. FAD Agricultural
vevelopment Paper Mo, 91, Rome, 1969,

HORSEOOL, G.D.: "Performance Test - Unibar Animal-Drawn Toolframe". Chitezde Famn
Machirery [rwestigation Section, Lilongwe/Malawl.

HORSZARIK, F.: “Rurinant Nutrition in the Near Fast - A Practical Guide". Bagdad/
FA); Near East Animal Production Health Development Centre. 1976,

HETNAGEL, M.P.: "Agriculture in Ethiopia; Economic Conditions®. FAD, Rome, 1961.

I.E.MV.T.: "Mawel sur les plturgges tropicaux et les cultures fourragéres",
Marwel et Précis d*Elevage, Maisons Alfort/France, 1975.

I.E.M.V.T.: “Manuel d'hygiéne @i bétall et de prophylaxie des maladies contagieu-
ses". Marwel et Précis d'Elevage No. 1, Maisons Alfort/France, 1972.

483



I.E.M.V.T.: "Mamel de construction des batiments pour 1'élevage en zone tropicale.
Manuel et Précis d'Elevage No. 3, Maisons Alfort/France, 1972.

I.E.M.V.T.: "Manuel vétérinaire des agents techniques de 1'élevage en zone tropi-
cale". Manuel et Précis de 1'Elevage No. 5, Maisons Alfort/Frence, 1971,

IRAT; SATEC: "Compte rendu des expérimentations réalisées en 1971 dans les
terroirs de la zone Centre Haute Volta". (Micro-fiche IRAT 000 043), Ouagadougou,
Haute Volta, 1971.

IRAT et IRCT: "Projet d'exécution d'une opération pilote d'intensification agricole
dans 1la Region des Savanes"; Rapport du Projet, 1977.

JANNAUD, G./KELLERMANN, J.: "La mécanisation de 1'agriculture en République
Centrafricaine’". Sécrétariat d'Etat aux Affaires Etrangéres c.argé de la Coopéra-
tion. Paris, 1967.

JIGGINS, J.: "Social Formations and Land Use: Theoretical models, empirical ob-
Jjections, and some policy queries.' Paper submitted to the ORSTOM-CVRS Conference
on Land Use and Development in Africa South of Sahara, Ouagadougou/Upper Volta.1978,

JOHNSTON, B.F.: "Socio-Economic Aspects of Improved Animal-Drawn Implements in
Semi-Arid East Africa'. Paper presented at the workshop on Soeio-Economic Con-
straints to Development of Semi-Arid Tropical Agriculture ICRISAT, 19-23 Feb.,
1979; Hyderabad/India, 1979,

KERBLAY, B.: "Chayanow and the theory of peasantry as a specific type of economy",
in: Shanin, T.: Peasants and peasant societies, Harmmondsworth, 1971.

KILLICK, T.: "A Study of Economic Policies in Ghana".
KLINE, C.K. et.al.:l) “"Agricultural Mechanization in Equatorial Africa". Institute

for Intermatiocnal Agriculture, Michigan State University, Research Report No.
6; USA, 1969.

KNAPP, R. (Ed.): "Weidewirtschaft in Trockengebieten". Gustav Fischer Verlag,
Stuttgart, 1965.

KNUTSSON, K.E.: "Ploughland and Swidden. A dual system of agriculture in Ethiopia™.
ILCA-Docomentation Centre, Addis Abeba, 1969.

KRAUSE, R./LORENZ, F.: "Bodenbearbeitung in den Tropen und Subtropen". Schriften-
reihe der GTZ, Nr. 79, Eschborn, 1979.

KRUGER, J.: Untersuchungen iiber den Arbeitszeit- und Zugkraftbedarf landwirt-
schaftlicher Gerdte und Maschinen. Dissertation, Universitdt Berlin, 1947.

LABROUSSE,G./GODRON.E.: "Mécanisation de 1la culture de 1'Arachide", Machinisme
Agricole Tropical, No. Spécial: 11, 1965. Antony /France.

LAGEMANN, J.: "Die Agrarkreditsituation des Projektes ‘Lieferung von einfachen
landwirtschaftlichen Arbeitsgerdten in Mali' ¥. Priifbericht, Abt, 15, GTZ, Esch-
bormn, 1977.

LAURENT, C.K.: '"The Use of Bullocks for Power on Farms in Northern Nigeria".
Bulletin of Rural Economics and Scciology, Vol. 3, No. 2. Department of Agricul-
tural Ecoriomics; University of Ibadan/Nigeria. 1968.

1) Contains a detalled bibliography onmechanization in Africa.

484




LEHMANN, V.: "Die Einfuhrung und Verbreitung der Cchsenanspavwarg in der Northem
Region Ghanas {unpublished).

LELE, U.: "The Design of Rural Development. Lessons from Africa". Baltimore and
London, 1971,

LENDERS, G.~U./SCHWEISSHELM, E : Evaluation of the Information Unit, Extension
Unit and Bullock Programme. Final repert, Bochum, June, 1974,

LINK, H./KALB, D.: "Support of Agricultural Mechanization {especially Oxenisation)
in Tanga Region/Tanzania". Report for GTZ, Eschborn, March, 1980.

LUTKE-ENTRUP, J.: '"Grenzen und Moglichkeiten einer Steigerung der Marktproduktion
baverlicher afrikanischer Rinderhalter, dargestellt am Beispiel des Barotselandes,
Zambia". Zeitschrift flir Auslindische Landwirtschaft, Materialsammiung No. 10.
DILG-Verlag, Frankfurt/Main, 1969,

MALCOIFFE, C./DUBOIS, A.: "Note sur le troupeau bovin de la station [RAT de
FARAKO'BA (Rép. du Haute Volta) - Evolution de la productivité et des polids -
Analyse des observations enrégistrée”. IRAT, Ouagadougouw/Rép. du thatte Volta,
1974,

MACK, C.: "La mécanisation de |'sgriculture malienne'. Machinisme Agricols Trop i«
cal, Jan,-Marz, 1968, CEEMAT, Antony/France.

MANIG, W./0TTO, J.: "Production and Introduction of an Agricultural Mult =P -
Tool-Carrier in Botswana'". Report for G2 and Federal Ministry for Bconomic Co-
operation (BMZ), Eschborn, 1977.

MATTHEWS, M.D.P./PULLEN, D.W.M.: "Cultivation spel Om—drown Digebemienat s o T
Bulletin No. 1, The Gambia, Department of Apricultupss, o0, 1974,

MATTHEWS, M.D.P./PULLEN, D.W.M.: "Cultivotion Trials with Ox-drasn Fgplipoeent in
the Gambia 1973-75." Agricultural Engineering, Autumn 1977, p. 77-H0,

MASON, I.L.: "A World Dictionary of Livestock Breeds, Types and Varicties' . Commore
weal th Agricultural Bureau, London, 1973.

MAULE, J.P.: "The Hole of the Indigerous Breeds for Beel Prodaction i Southern
Africa’. South African Journal for Animal Science, No. 3, 19771,

M'BODJ, M.: "L'intégration agriculture=dlevage dang oo o itds expopimntaiess,
Centre National de Recherche Agronomigue (ONRAY. Bambey/Séridgal, 1977,

M'BODJ, M.: "Synthése des activités d'élevage dans les unités expbrimentales
du Sine Saloum (Sénégal} 1968-1973", CNRA, I[RAT. Bambey/Sénégal, 1974,

M'BODJ, M./T SCHAKERIAN, E.: "Elements pour l'analyse des systémes techniques de
production - terres Dek de Bambey'. Bambey/Sénégal, CNRA (1SRA); 1978.

M'BODJ, M.: "L'utilisation des graines de coton danz i'alimentation des bovins”,
Bambey:7Ser1ega.l. CNRA, 1972,

MENSAH, M.: "Remarques sur 1'économie de la culture attelée en Afrique Noire
Francophone'. C.E.F.E.B., B.D.P.A.~-Documentation, Paris, 1967,

METTERICK, H.: 'Oxenisation in the Gambia. An evaluation". ilniversity of Reading
and Ministry of Overseas Development, London, England, 1S78.




MECHAISKY, M. et.al.: “"Fecent Stage and Development of Agricultural Mechanization
in Afvica”. Report on an international meeting at leipzig University, Lelpzsig,
G, 1974.

MILLS, J.C.: "fechrology in the Subsisternce Sector of Malawi™. University of
Malawl, corba, 1973,

MINISTERE DE LA COOPERATION: "Mémento de !rAgroncme. Paris, Frarce, 1974,

MENISTERE DE LA COOPERATION: “Dorndes cratistiques, Madagascar'. 1976,

MOIGNE, M, LE: "fndmal Braft &z’ltﬁwﬁ.:ﬁ@n in Frerch-speaking Africa. Paper pre-
sonted af the workshop on: Soelo-ecoremic constraints to development of semi-arid
troplcal agrleud e, CRISAT, 19-23.Feb, , 19749, Hydevabad/ Tadia.

MOIGNE, M. LE: "Guelques dornses sur ke matériel utilisable en culture attelée,
oitils marmels wmellords et Squipment de complément. Shminaire sur le Machinisme
Agricofe, Bambey/Shrdpal, 1971,

MOIGNE, M. LE/ZERRO, J.: “Probldmes posés par ia mécanisation dans les pays

memnees ey 00D RGBS CEEMAT,  Asroby/France, 977,

ans Prexpdoltation agricole séndpgalalze’.  [noidence
il s L ook ‘ creurs de production
i FRAT, CNRA, Boanbey/

s drexploitation,”

Yo Machinhame

LGy

MOBNTER, J./PLESSARD, F.: "Matérte! & ‘grand ferslment’ pour tracbion bovine”,
Machindsme Aprioole Troproale Hoo 55, (1975, Antony France.

H.t "ffrur& et e développement rupral: La traction animale dons la Pre-
3 Ok Yo BOPA, Paris/Froroe.

FERET Y Taeh,

ility anudy of Snall i Malawi". National
g

Hiisoe/England (ro date),

MULELIGAN, BLW.: "The AVricasy Trypogwosomiag
Y

¥, Aller & Urwin, London, 1970,

KECOU, HB.: "Le travall du zol on terres sxodbon ofges incidencez agronomiques'.
centre Xational de Recherches Agronomion Bcﬂﬂh@y/ Sémégal, 1972,

H'OJAVE, A.D.: "Froblémes sociaux of fconamigues posbs par 1'introduction de la
cuiture attelee en milieu rural dans le cadre de 1'Opération Arachide du Mali".
Crération Arachide Annde 1972-1973, E.S.A.7./B.D.PLA., Paris, 1973,

NELMHALSER, P, et.al.: “Possibilities of the Introduction of Draught Animals in
ther Hopth-West Provines of the United Republic of Cameroon'. Reihe Studien Nr.
19/18; Technische Universitdt Beriin (FIA} und GT7, E.;chbom. Berlin, 1977,

G'BRIEN, J.: '"Peasant Agriculture and Social Differentiation in Um Fila, Blue
Hile Provinee, Budan’,. University of Khartoum, 1978, (mimeo)

456




OKAL, M.: "The Development of Ox-Cultivation Practices in Uganda". East African
Journal of Rural Development, Vol. 8, 1977. Nairobi/Kampala/Dar-es-Salaam,
OPPONG, C.: "Growlng up in Dagbon",

QFEV,Y. :"Improving Single Furrow Animai Ploughing''. World Crops, Nov./Dec., 1976.

PARIN, P. et.al.: “Furchte deinen Nichsten wie dich selbst, Psychoanalyse und
Gespllschal’t am Modell der Agni in Westafrika". Frankfurt/M., 1978,

POLLARD, S5.J.: "A Selected Bibliography of the Economics of Farm Mechanization
in Developing Countries'. NIAE, Silsoe, England.

PREUSCHEN, G.: "bie Technik im landwirtschaftlichen Betrieb'. Stuttgart/ludwigs-
burg, 1958,

RAMASWAMY, N.S5.: "Animals: An Ill-Treated and lgnored Source of Energy." Centre
of Economic and Social Information Office of Public Information. United Nations,
1979,

RAMOND, C./TOUHNU, G.: '"Les facteurs de la production agricole dans les unités
experimentales du Sine 3aloum (Sénégal}. Bilan de 4 ans d'observation'. CNRA/IRAT
{micro-~fiche IRAT 000 042). Bambey/Sénégal, 1974.

RAMOND,C. , MONNIER,J., CADOT,R.: "Etwie ae systémes techniques de production pour
fe Shie=baloun sud et est”, Bambey/Sénégal, CONRA (TRAT/IEMVT); 1974,

RAINATVOZAFE, P.: "La traction animale dans 'agriculture malagachese". Maisons
Alfort/France, Ecole Nationale Vétérinaire, Thése doctorat:; 1978.

REBOUL, C.: "Bconomie marchande et systémes de culture dans les campagnes Séné-
galaizes” . Extratt de la Revue "Mers-Monde", Tomé XVITI, No. 72, 1979,

REMM, E./ESPIG, G.: "Die Kulturpflinzen der Tropen und Subtropen'. Verlag Eugen
timer, Stuttgart, 1976,

REMY, G.: "les lecons d'un échec: la culture attelée en pays Mossi (Haute Volta)!.
Cahiers BEtudes Africaines No. 47, B.D.P.A./Paris/France, 1972.

RENALIL, G.: "Utilisation de la mécanisation pour le développement des cul tures
annuelles”, Réunion Mecanisation de la Production du Riz. Universily of Ibadan/
Nigeria, 1974,

RICHARD, J,F.: "Les enseignements du moddéle "48Y en matidre d'embouche'. Bambey/
wenegal . Seminaire ISRA-GERDAT: "Bilan et perspectives des Recherches sur le
diéveloppement ruiral mendes dans les unités expérimentales", 19-21 Mai, 1977.

RICHARD, J.F./FALL, M. /ATTONATY,J.M: "Le modéle "45". Programe linéaire pour les
exploitations agricoles du Sine Salum Sud au Sénégal™. INRA, ISRA, IRAT, Paris,
1976.

ROBERTS, C.J., GRAY, A.R.: "Studies on trypanosome-resistant cattle. The effect
of trypanosomiasis on N'Dama, Muturu and Zebu cattle". Tropical Animal Health
Production, No. 9; 1973.

ROCHEZ, A.: "Essai d'analyse de 1'embouche paysanne associée a la traction bovine''.
Centre d'Etude des Bovines Voltaique (CEBU), Rev. trim. inform. tecn. écon. No.
19, Ouagadougou, Haute Volta, 1977,

ROGERS, E.M./SHOFMAKER, F.F.: "Communication of innovations. A cross cultuwral
approach’. New York, 1971,

487




RUCHEL, M.W.: "Chemoprophylaxe der bovinen Trypanosomiasis!. BfE-Schrifienreine
No. 16, Eschborn, 1974.

RUTHENBERG, H.:" Farming Systems in the Tropics." 2nd Edition. Clarendon Press,
Oxford, 1976.

RUTHENBERG, H.: "Agricultural Development in Tanganyika'. Berlin, 1964,

RUTHENBERG, H.: Gutachten iber die Konzeption des Projektes "Landwirtschaftliche
Entwicklung um Korhogo, Elfenbeinkiiste". Im Auftrag der GTZY Eschborm, 1969.

SALLE, B.: "L'emploi de la traction animale et du petit matériel agricole en
perimétre irrigué". Le Maroc Agricole, Sept. 1970.

SARNTGUET,J., MARTY,J.-P., ARNAUD,R.: "Exploitation de cheptel bovin au Tchad.
Tome 1: Production-consommation-exportation'. Paris, Sécrétariat d'Etat des
Affaires étrangéres chargé de la Coopération; 1967,

SCHAEFER-KEHNERT ,W. /ALBRECHT ,H. /SCHULENBURG,W.v.d. : '"Voraussetzungen und Moglich-
keiten des Landmaschineneinsatzes in Westafrika und Ostafrika'". Bericht Uber eine
Studienreise im Auftrage der Landmaschinen- und Ackerschlepper-Vereinigung (LVA}.
1963.

SCHERRFR, J.: "Traction animale. Mesure de la puissance des attelages. A-compte
rendu”. A-Textes et B-Arnexes. CEEMAT, Antony /France, 1966,

SCHMIDT, H./MUASYA, G.M.: "The economics of different degrees of mechanization
in smallhelder agriculture'. Article for "The Kernya Farmer!, Ministry of Agri-
cul ture, Nairobi/Kenya, 1979.

SCHNEIDER, B.H., FLATT, W.P.: "The Evaluation of Feeds through Digestible Experi-
ments”. Athens/USA, The University of Georgia Press; 1975,

SCHONHERR, S.: "Neue Extension-Methoden zu beschleunigter Verbreitung agrarischer
Innovationen®, in: Wurzbacher, g. (Hrsg.): Storfaktoren der Entwicklungspolitik,
Enpirische Materialien zur Entwicklungslanderforschung. Stuttgart, 1975,

S.E.D.A.G.R.I.: "Culture attelée en Africque tropicale - Etudes de cas'". BDPA/
1RAT/SATEC, Paris, 1971.

SINGH, I.: "Tanzania Basic Economic Report". Amnex VII: Appropriate Technologies
in Tanzanian Agriculture - Some Empirical and Policy Considerations. Document
of the World Bark (IBRD), Washington D.C., 200523, USA. 1977.

S.0.D.E.V.A: "Projet de promotion rurale du Sine Saloum. Bilan technique campagne
1975-1976 et prévisions campagne 1976-1977"., Kaolack, Sénégal, 1976.

5.0.D.E.V.A.: "Projet de promotion rurale du Sine Saloum. Bilan technique campagne
1976-1977 et prévisions 1977-1978", Koalack, Sénégal, 1977.

STELLY, M, (Ed.): "Multi Cropping". American Society Agronomy. Madison, Wisconsin/
Usa, 1977.

STOUT, B.A.: "Equipment for Rice rroduction'. FAC Agricultural Cevelopment Paper
No. 84, Rome, 1966,

STROBEL,H. /PFEIFFER,J.: "Agrarkredit und Betriebsplanung”. DSE-Seminar, Feldafing
bel Minchen, unpublished maruscript, i979.

488




SUBBRAHMANYAM, K.V./RYAN, J.G.: “"Livestock as a Source of Power in Indian Agricul-
ture: A brief review'. ICRISAT, Occasional paper No. 12. Hyderabad/India, 1975.

SUMRA, S.A.: "An analysis of environmental and social problems affecting agricul-
tural development in Handeni District"., University of Dar-es-Salaam (unpublished
M.A. thesis). 1975.

SWAMY RAOQ, A.A.: "A Report on the Preliminary Investigations, Design and Develop-
ment, Testing and Economic Analysis of the New Single and Double Buliock Harnmess
at the Development Centre from May 1962 to April 1964." Allahabad Agricul tural
Institute, Allahabad, 1964.

TACHER,G. /LACHAUX ,P. /NICOLAS,F.: 'lLes bovins de culture attelée au Tchad". IEMYT-
Colloque O.C.A.N, sur l'elevage. B.D.P.A./Paris; Fort Lamy/Tchad. 1969.

TEICIMANN, U.: "Untersuchungen iiber die Spannviehhaltung in bauverlichen Betriehen!.
RKTL-Schrift, Heft 83, 1938.

THENEVIN, P.: "Planification et comportement des centres de décision en milieu
rural", Ministére de la Coopération (micro-fiche IRAT 000 061), Paris, France,
1975,

TOURTE,R. /LE MOIGNE, M.: "L'&quipementrural au Sénégal. Wle de la recherche agro-
nomique et de sa division du machinisme agricole et génie rural'. Mach.Agr.Tropi-
cal No. 31, CEEMAT, Antony /France, 1970,

TRACEY, H.: "Farming in Rhodesia”, Salisbury, 1947/48.

TRAVERSE, S.: "Le boeuf N'Dama et 1la riziculture en basse Casamance'. IRAT,
Djivelor/Sénégal, 1974.

TSCHIERSCH J E "Angepalte Formen der Mechanisierung bduerlicher Betriebe in
Entwicklungslandern?’. Forschungsstelle flir Internmationale Agrarentwicklung e.V.,
Heidelberg, 1975.

UNIVERSITAT HOHENHETIM (DOKUMENTATTONSSTELLE): "Mitteilung von Nihrstoffgehalten
ausgewdhl ter Futtermittel”, 1979.

VALENTIN, P./SPITTLER, G.: "Moglichkeiten der Ochsenanspannung unter den Gesichts-
punkten einer integrierten Viehhaltung in Westafrika". Duisburg, 1976.

VALLFE,G. /OUCLOGUEM,D. /DIARRA,F.: '"Rapport analytique de la campagne 1975-1976.
Techniques culturales du riz -flottant". Républigue du Mali. Ministére de développe-
ment rural. Section techniques culturales. Bamako.

VAUGH, M.: "Report on a Detailed Study of Methods of Yoking Bullocks for Agricul-
tural Work Presented to the Imperial Council of Agricultural Research." Indian
Jourmal of Veterinary Science and animal Husbandry (1945}, Heft 15.

WALKER, C.A.: "The growth and development of the beef qualities of Angoni cattle
(East African Zebu). Liveweight", Journal of Agricultural Science, No. 63, 1964.

WATZDORF, W.: "Gutachten iber Mdglichkeiten und Wege =zur Produktion von Gerdten
der tierischen Anspannung in Ghana'". Im Auftrag der GTZ (PN 70.2182.7-01.200),
Eschborm, 1978,

WILLCOCKS, T.J.: "Animal-drawn Toolbar'. Bulletin No. 2, Tropical Agricultural
Engineering Information. NIAE, Silsce, England, 1969.

489




WIGGINS, L.L./EVANS, C.L./EVANS, .J.: "Mule Power in Ethiocpian Agriculture", Jimma
Agricultural Technical School Publication. Dire Dawa, Ethiiopia (HSIU Exp. Bull.
15}, 1947/48.

WIL30ON, R.T., CLARKE, S.E.: "Studies on the livestock of Southern Darfur, Sudan.
The ecology and livestock resources of the area". Tropical Animal Health Produc-
tion, No. 7; 1975,

" YUDEILMANN, M. et.al.: "Technological Change in Agriculture and Employment in
Develaping Countries". OECD-Report, Paris, 1971.

ZIMMERMANN, M.: "Schlipf's praktisches Handbuch der Landwirtschaft"., Verlag Paul
Parey_, Hamburg, 1958.

4390




GTZ-Publikationen

Schrifienreihe Nr. 1

Gachet, Paul und Jaritz, Ganther: |, Situation und
Perspektiven der Futterproduktion im Trocken-
anbau in Norditunesien''. 1972. 30 Seiten. DM
5 -

Schriftenreihe Nr. 2

Jahn, Hans-Christoph und Kbnig, Sieglried:
. Forst in Paktia/Afghanistar’. 1972. 56 Seiten
Englisch, Farsi und Deutsch, DM 5,~.

Schriftenrethe Nr. 3

Jaritz, Giinther: ,.Die Weidewirtschaft im australi-
schen Winterregenklima und ihre Bedeutung fiir
die Entwickiung der Landwirtschaft in den nord-
afrikanischen Maghrebldndern®. 1373 40 Sei-
ten. DM 5, -

Schriftenreihe Nr. 4

Wienberg, Dieter; Weiler, Norbert und Seidel
Helmur: | Der Erdbeeranbau in Sidspanien.
1972. 92 Seiterr. DM 5,—.

Schriftenreihe Nr. 5

Neumaier, Thomas (Redaktion): ., Beitrdge deut-
scher Forschungsstitten zur Agrarentwickiung
in der Dritten Welt”. 1973. 568 Seiten. DM 5. -,

Schriftenreihe Nr. 6

Neumaier, Thomas (Redaktion). ., Deutsche
Agrarhilfe - Was, wo, wie 19737 1873. 600 Sei-
ten. DM 5, -.

Schriftenreihe Nr. 7

Seidel, Helmut und Wienberg, Dieter. ., Gemii-
sesortenversuche in Sidspanien. 1973. 102
Seiten. DM 5,-.

Schriftenreihe Nr. 8
.Tsetse- und Trypanosomiasisbekdémpfung'.
1973. 102 Seiten. DM 5,~.

Schriftenreihe Nr.9

Schieber, Eugenio: ,.Informe Sobre Algunos
Estudios Fitopatologicos Etectuados en la Repi-
blica Dominicana " (Bericht {iber einige phytopa-
thologische Studien in der Dominikanischen Re-
publik). 1973. 66 Seiten, 35 Abbildungen. Spa-
nisch. DM 5,-.

Schriftenreihe Nr. 10

Bautista, Juan Elias, Hansen del Orbe, Raymun-
do und Jiirgens, Gerhard. ,,Control de Malezas
en la Repiblica Dominicana'’ (Unkrautbekamp-
fung in der Dominikanischen Republik). 1973. 40
Seiten. Spanisch. DM §,-.

Schriftenreihe Nr. 11

Neumaier, Thomas (Redaktion). |, Internationale
Agrarentwicklung zwischen Theorie und Praxis"
(Bericht (iber die vierte landwirtschaftiiche Pro-
jektleitertagung Bonn 1973). 1974. 390 Seiten.
ISBN 3-980030-1-9. DM 5,

Schriftenreihe Nr.12

Adelhelm, Rainer und Steck, Karl: , Agricultural
Mechanisation - Costs and Profitability’’ (Me-
chanisierung der Landwirtschaft — Kosten und
Rentabilitdt). 1974. 70 Seiten. Englisch. ISBN
3-9800030-2-7. DM 5,-.

schriftenreihe Nr. 13

,.Mokwa Catile Ranch' (Modell eines Rinder-
mastbetriebes Hir Westafrika). 1974, 44 Seiten.
Englisch, Franzdsisch und Deutsch. 35 Abbildun-
gen. ISBN 3-980030-3-5. DM 5,-.

Schriftenveihe Nr. 14

.La Lutte contre la Mouche Tse-Tse et la Trypa-
nosormiase'’ (1se-tse- und Trypanosomiasisbe-
kdmpfung). 1973. 106 Seiten. Franzdsisch. DM
5-

Schriftenrelhe Nr. 15

Zeuner, Tim: Mandi - Projekt in einer indischen
Bergregion' 1974. 76 Seiten. 1 Karte. 41 Abbii-
dungen.  Englisch und Deutsch. ISBN
3-9800030-5-1. DM 5, -,

Schriftenreihe Nr. 16

Richel, Werner-Michael: , Chemoprophylaxe
der bovinen Trypanosomiasis’”. 1974, 252 Sei-
ten. ISBN 3-9800030-6-X. DM 5,-.

Schriftenreihe Nr. 17

Lindau, Manfred. , El Koudia/Marokko — Futter-
bau und Tierhaltung - Culture fourragére et ent-
retien du bétail”. 1974. 74 Seiten. Deutsch und
Franzésisch, 4 Abbildungen. ISBN
3-9800030-7-8. DM 5, ~.

Schriftenreine Nr. 18

Kopp, Erwin: ., Das Produktionspotential des se-
miariden tunesischen Oberen Medjerdatales bei
Beregnung'. 1975. 332 Seiten. 28 Abbildungen.
ISBN 3-88085-000-3. DM 5, ~.

Schriftenrsihe Nr. 19

Grove, Dietrich: ,,Ambulante andrologische Dia-
gnostik am Rind in warmen Léndern'. 1975. 288
Seiten. 40 Abbildungen. ISBN 3-88085-005-4.
DM 5,~.




Schriftenreihe Nr. 20

Eisenhauer, Georg (Redaktion): ,.Forstliiche Fa-
kultidt Valdivia/Chile - Facultad de Ingenieria Fo-
restal Valdivia/Chile''. 1975. 245 Seiten. Deutsch
und  Spanisch. 4  Abbildungen, ISBN
3-88-085-015-1. DM 5,~.

Schriftenreihe Nr. 21

Burgemeister, Rainer: | Elévage de Chameaux
en Afrique du Nord" (Kamelzucht in Nordatrika).
85 Seiten. ISBN 3-88085-010-0. DM 5,-.

Schriftenreihe Nr. 22

Agpaoa, A.; Endangan, D.; Festin, $.; Gumaya-
gay. J., Hoenninger, Th.; Seeber, G.; Unkel, K.
und Weidelt, H J. (Compiled by H. J. Weidelt):
..Manual of Reforestation and Erosion Control for
the Philippines* (Handbuch der Auflorstung und
Erosionskontrolie auf den Phippinen). 1975. 569
Seiten. Engfisch. ISBN 3-868085-020-8. DM 5,-.

Schriftenreihe Nr. 23

Jurgens, Gerhard (Redaktion): .. Curso Bdasico
sobre Control de Malezas en la Repabhca Domi-
nicana’ (Grundkurs zur Unkrautbekdmplung in
der Dominikanischen Republik) Spamsch. ISBN
3-88085-010-0. DM 5, .

Schrittenreihe Nr. 24

Schieber, Eugenio. ,E! Status Presente de !a
Herrumbre del Calé en America del Sur'' (Der
aktuelle Stand der Kaffeerostbekamplung in
Sudarn:erka). 1975 22 Seiten. Spamsch DM
5~

Schriftenreihe Nr. 25

Rohrmoser, Kiaus: . Oipflanzenziichtung mn Ma-
rokko - Selection des Oleagineux au Maroc"
1975. 278 Seiten. 8 Colorfotos. 1 Ubersichtskar-
fe. Deutsch und Franzdsisch. ISBN
3-88085-035-6. DM 5, -,

Schriftenreihe Nr. 26

Bonariws, Helmut: | Physical Properties of Soils
in the Kiombero Valley (Tanzania)' (Physikali-
sche Zusammensetzung der Baden im Kilombe-
rotallTansarva). 1975. 34 Seiten, Englisch. DM
5,

Schriftenreihe Nr. 27

.Mandi -~ A Project in a Mountainous Region of
india" (Mandi - Projekt iri einer indischen Berg-
region). 1875  Englisch -~ Hindi. ISBN
3-9800030-5-1. DM 5, -

Schriftenreihe Nr. 28
Schmid!, Gerhard und Hesse, F.-W.: ,Einfiihrung
der Zuchkerriibe in Marokke ~ Introduction de la

betterave sucriére au Maroc'. 1975. 136 Seiten,
18 Tabellen. 17 Schwarzweif3fotos. Mehrfarbige
Standortkarte. Deutsch und Franzdsisch. ISBN
3-88085-001-1. DM 8,-.

Schriftenreihe Nr. 29

.Landwirtschalthiche Entwicklung West-Suma-
tras”. 1976. 30 Seiten. 13 Schwarzweiflfotos. 1
farbige Standortkarte. ISBN 3-88085-007-0 DM
5-

Schriftenreihe Nr. 30

Riichel, Werner-Michael: ,,Chemoprophylaxis of
Bovine Trypanosomiasis'. (Chemoprophylaxe
der bovinen Trypanosomiasis). 1975. 252 Seiten.
Englisch. ISBN 2-980030G-6-X. DM 5,-.

Schriftenreihe Nr. 31

. Bildung und Wissenschaft in Entwicklungsian-
dern’ (e MaBnahmen der staathchen deut-
schen Bildungs- und Wissenschaftsforderung).
Zusammengestellt von Wolfgang Kiper. 1876.
242 Seiten ISBN 3-88085-004-6. DM 13,50.

Schriftenreihe Nr. 32

Wagener. Wilhelm Ernst: . Baukasten fir die
prakhsch-pddagogische Counterpartausbil-
dung” 1976. 156 Seiten. ISBN 3-88085-006-2.
DM 18.50.

Schriftenreihe Nr. 33

.Journées Agrostologie - Elevage des Rumi-
nants” (Erfahrungsaustausch {ber Weidever-
besserung). 1976. 188  Seiten. ISBN
3-868085-009-7. DM 5. -

Schriftenreihe Nr. 34

Neumaier, Thomas (Redaktion). .. Internationale
Zusammenarbeit 1m Agrarbereich - was, wo,
wie 19767 1976, 524 Seiten. ISBN
3-88085-012-7. DM 16,50

Schriftenreihe Nr. 35

.Cotheitas melhores para Mmas Gerais - Bes-
sere Ernten fir Mipas Gerais ™ (Funf Jahre brasi-
framsch-deutsche Zusammenarbeit in  Minas
Gerais). Zusammengestellt von Ernst Lamster
und Thomas Neumaier. 1977. 54 Seiten. 52 Ab-
bildungen. ISBN 3-88085-018-6. DM 7,50.

Schriftenreihe Nr. 36

Kassebeer, von Keyserlingk, Lange, Link, Poi-
fehn, Zehrer und Bohlen: ,.La Défense des Cultu-
res en Afrique du Nord — en considérant particu-
lierement la Tunisie et la Maroc'* (Pflanzenschutz
in Nordalrika unter besonderer Beriicksichtigung
von Tunesien und Marokko). 1976, 272 Seiten,
375 Color-Abbildungen. DM 41,20.




Schriftenreihe Nr. 37

.Agricuftural Development in West Sumatra”
{Landwirtschafthiche Entwickiung in Westsuma-
tra). 1976. 30 Seiten. Englisch. 13 Schwarzweil-
fotos. 1 farbige  Standortharte.  ISBN
3-88085-007-0. DM 5, -

Schrittenreihe Nr. 38

Kopp, Erwin: .. Le Potentiet de Production dans ia
Region semiaride de la Haute Vaiiée de la Med-
jerda turisienne $ous irrigation par aspersion'’
(Das Produktionspotential des semiariden tunesi-
schen Obergn Medjerdatales bei Beregnung).
1977, 360 Seiten. ISBN 3-88085-021-6.
DM 26.-

Schriftenreihe Nr. 39

Schmutterer, Heinz: ., Plagas e Enfermedadas te
Algodon en Centro America” {Krankheiten und
Schadiinge ber Baumwolle in Zentralamerika).
1977 104 Senten. 50 Colorabbildungen. DM
22.-

Schriftenreihe Nr. 40

. Oritte externe Veterndrtagung' (Berichte und
Arbensergebmsse). 1977 320 Seuten. ISBN
2-88-85-022-4. DM 24.50.

Schriftenreihe Nr. 41

Becker, Gunther. | Holzstorung durch Termuten
im Zentralatnkamschen Kasserreich - Destruc-
tion du bois par les termités dans FEmpire Cen-
tralafrcan™. 1977 96 Seden. 16 Abbildungen
Deutsch und Franzosisch. DM 12,60

Schriftenreihe Nr. 42

Furtmayr, L udwig: .. Besamungsstationen an tro-
pischen und sublropischen Standorten”. 1977,
64 Seiten. 1ISBN 3-88085-031-3. DM 10,80.

Schriftenreihe Nr.43

Wrrth, Frigga: ..Culture de plants é parfum en Tu-
msie = Partumplanzenanbau i Tuneswen'.
1977. 196 Setten. Franzésisch und Deutsch DM
18.40.

Schriftenreihe Nr. 44
. Vikunjabewirtschaftung in Peru’". 1978.

Schri"tenrethe Nr. 45

Grove, Dietrich: ., Dragnostico Androldgico Am-
aulante en el Bovino en Paises Calidos'* {Ambu-
lante andrologische Diagnostik am Rind in war-
men Landern). 1977 280 Seiten [SBN
3-88085-038-0. DM 24,50.

Schriftenreihe Nr. 46

Nigel, Ludwig. , AGguakultur in der Dritten Weit",
1977. 110 Seiten, 21 Abbildungen. Deutsch. DM
14,50

Schriftenreihe Nr. 47

Wagener, Withelm E.: ,Model for Practical-Edu-
cational Counterpart Training''. 1977. 106 Seiten.
oM 18,50,

Schriftenrelihe Nr. 48

Metschies, Gerhard: |, Technisch-wirtschaftiche
Maglichkeiten und Grenzen des landlichen Stra-
flenbaus in Entwicklungslindern'. 1977. 219
Seiten. Deutsch. DM 25, -.

Schriftenreihe Nr. 49

Bischot, Friedrich: ,,Common Weeds from iran,
Turkey. the Near East and North Africa. 1979.
234 Ses#en, 204 Colorabbildungen. ISBN
3-88085-061-5 DM 56,-.

Schriftenreihe Nr. 50

Ballestremn, C. Gratund H -J. Holler: , Potato Pro-
duction in Kenya. Experiences and Recommen-
dations for Improvement'. 1977 88 Seiten 69
Abbiidungen. Enghsch. DM 18.60.

Schriftenreihe Nr. 51

..Savar-Farm - The Central Breeding-Station of
Bangladesch (Savar-Farm - Die zentrale Tier-
zuchtstation von Bangladesch). 1977 44 Seiten.
Engiisch und Deutsch. OM 7,50.

Schriftenreihe Nr. 52

..Progress on Lake Malaw: - The Central Region
takeshore Development Project 1967 - 1977
1978. 54 Seiten ISBN 3-88085-036-4. DM 7.50

Schriftenreihe Ni. 53

Kisselmann, E. (Redakiion). . Gutachten - Stu-
dien — Berichte' (Beitrdge aus 20 Jahren inter-
nationaler Zusammenarbeit im  landiichen
Raum). 1977. 540 Seiten. DM 28, ~.

Schriftenreihe Nr. 54

. rierdrztiiche diagnostische Labors in Malaysia
- Beispiel malayisch-deutscher 2usammenar-
beit' 1978 32 Seiten. DM 8,60.

Schriftenreihe Nr. 55

Neumaier, Thomas (Redaktion): ., iechnische
Zusammenarbeit im lindlichen Raum, was - wo
- wie 1978 1978 690 Seiten. ISBN
3-88085-044-5, DM 22,50.

Schriftenreihe Nr. 56

Leppack, Eberhardt und Rosskamp, Robert: , Al-
macenamiento de Papas en Panama - unejem-
plo para zonas tropicales y subtropicales (Kartof-
fellagerung in Panama - ein Beispiel Kir tropi-
sche und subtropische Zonen)''. 1978. 102 Sei-
teri. 28 farbige Abb., 13 Skizzen, Spanisch. DM
26,50.




Schriftenreihe N1 57

Walker, J. B., D. Mehiitz und G. E. Jones: . Notes
on the ticks of Botswana''. 1978. 83 Seiten. 32
Abbildungen. Englisch. DM 18,40.

Schriftenreihe Nr. 58

Kurt Huech: . Los Bosques de Sudameérnca -
Ecologia, composicién e mmportancia economi-
ca". (Die Wilder Sidamerikas). 1978. 476 Se-
ten. Mit Vegetationskarte vont Stidamerika. ISBN
3-88085-053-4. DM 49.50.

Schriftenreihe Nr. 59

Dorow. Eberhard: | Hubschrauber in der Feld-
heuschreckenbekdmpiung -~ Helicopter in
Grasskopper Controt — L "hélicoptére dans la lut-
te contre us criquets’’. 1978 66 Seiten. 13 Abbil-
dungen. Deutsch. Englisch. Franzdsisch. DM
8.20.

Schriftenreihe Nr. 60
Hubert. Klemens und Friednch Sander. . Tre
Rehabulitation of Rurai Roads i Handeni District
{lanzama} - Project descrniption and assess-
ment of experiences - 1978 81 Seiten. 3 Kar-
ten. Enghsch. DM 8.60

Schrittenreihe Nr. 61

German Agnculturai Team (GATi in Kenya:
..Passian Frut Growing n Kenya -~ A Recom-
mendaton for Smaliholders” 1978 46 Seiten
57 Abbildungen Engisch. DM 11.50

Schriftenreihe Nr. 62

Lippmann, Dieter: , Cultivation of Passiiora edu-
Is D " {General Information on Passion Fruit Gro-
wing in Kenya}. 1978 88 Seiten. 88 Abbildun-
gen ISBN 3-88085-065-8 DM 18, -,

Schriftenreihe Nr. 63

.Auckstandsprobleme in Planzenschutz in der
Dritten Weit = 1978. 62 Seiten. 35 Abbiidungen.
Deutsch DM 14,50,

Schriftenreihe Nr. 64

Schmutterer, Heinz: ,,Cotton Pests in the Philip-
pines' 1978. 110 Seiten. 47 Abbiidungen. Eng-
Iisch. DM 21,~.

Schriftenreihe Nr. 65

..Dune Stabilization — A Survey of Literature on
Dune Formation and Dune Stabifization’* {(Dinen-
stabilisierung). 1977. 407 Seiten. Englisch. ISBN
3-88085-032-1. DM 18,50.

Schriftenreihe Nr. 66
Maier, Hermann (Redaktion): ,,51 x Ausbildung
= Forderung der beruflichen Bilgung in Entwick-

lungsléndern™. 1977. 324 Seiten. ISBN
3-88085-034-8. DM 14,50,

Schuittenreihe Nr. 57

Becker, Silke: .La Propagacion de la Roya del
Cafeto 1979. 70 Seiten. 13 Abbildungen. Spa-
nisch. Englisch. Deutsch. DM 7,50,

Schriftenreihe Nr. 68

Voliweiler, Berthoid: | Escuela de Topografia y
Catastro (ETC) Ausbildungsstatte fir Vermes-
sungswesen und Kataster - Costa Rica. College
of Surveying and Cadastral Science.”” 1978. 29
Seiten 13 Abbildungen. Sparisch. Deutsch. DM
7.50.

Schriftenreihe Nr. 69

A Marguam, N Kouki, M. Ghanm und P.-H.
Grell: .. Gutes Saatgut - eme Voraussetzung fir
hohe Ertrage.”” Dreisprachig (Deutsch, Franzd-
sisch,  Arabisch). 1979 56 Seiden. ISBN
3-88085-066-6. OM 10,50.

Schriftenreihe Nr. 70

Michels, Thomas: ., Medical Laboratory Develop-
mentin Tanzania.”’ 1978 30 Seiten. 22 Abbidun-
gen. Englisch. DM 12,50,

Schrittenreihe Nr. 71

Korte, Roif (Redaktion). . Nutritton (v Developing
Countries - A Sermnar for German Technical
Assistance Personel.” 1978 394 Sesten Eng-
hisch. DM 22,50

Schriftenreihe Nr. 72

Brumng. Dvetrich C..  Population Planmng in Pa-
kistan - A Stugdy of the Continuous- Motivahon
System™ (Bevilkerungsplanung i Pakistan).
1977 300 Seiten (SBN 3-88085-043-7 DM
18.50.

Schrittenreihe Nr. 73

Seeber, G, H J Weudelt und V. § Banaag.
..Dendrological Characters of Important Forest
Trees from Eastern Mindanao.”' 1979 440 Se:-
ten ISBM 3-88 085-068-2. DM 22,60.

Schriftenreihe Nr. 74

Heidemann, C. und M. O. Ries: ,,Raumordnung,
Regional- und Stadtentwickiung. Ein method:-
sches Konzept. " 1979. 52 Seiten. Deutsch. DM
810

Schriftenreihe Nr. 75

Goedicke, P. T. E. Reisch, G. Schnuer und A.
Zifle: ., Landtechnische Ausbildungs- und Bera-
tungszentren als Mittel zur Forderung der Land-
wirtschaft in Entwicklungsldndern.!' 1979 96
Seiten. Deutsch. DM 16,50.



Schrittenreihe Nr. 76

Gassert, Wemner L. Research on Colfee Berry
Dwease i Ettuwopa. 1979 56 Seiten. ISBN
3-86 085-070-4 DM 12,60,

Schriftenreihe Nv. 77
Rosskamp, Robert. Eberkardt Leppack: .. Potato
storage m Panama' (Kartoffellagerung in Pang-
ma). 1979 DM 26.50.

Schriftenreihe Nr. 78

Myntt, Cyntha: ..Women and Development in
Yemen Arab Repubhic ' (Frauen und Entwickliung
s der Arabischen Republik Jemen). Y979. 170
Seiten 28 Abbuio ISBN 3-88085-079-8 DM
24 .50

Schriftenreihe Ne. 79

Krause. R und Lorenz, F.. Bodenbearbeitung in
den Tropen und Subltopen 1979 252 Seden
ISBN 3-88085-073.8 Deutsch DM 24,50

Schriftenseihe Nt. 80

Die Okologe und Bekamplung des Blutschna-
belwebervegels (Qudea quelea} in Nordosinige-
1@ In Voroeredung

Schritienreihe Nr. 81

. Orthopécie-techrusches  Versorgungszentrum
wend Austvidungsstatte fur Orthopadie-Techmier,
LomérTogo 1979 38 Seien Deutsch DM
860

Schuittenreihe Nr. 82

. Pestcide Reswdue Problems in the Thud World™
¢Ruchstandsprobleme i PHanzenschutz in der
Oritters Welt) 1979 64 Seten Enghsch. ISBN
3-88085-074-7 DM 14,50 Uberselzung der Nr.
63

Schiiftenreihe Nr. 83
timversity of Dar es Salaam Facufty of Engineer-
g 48 Seiten Enghsch. DM 17—

Schriftenraihe Nr. 84
D¢ Bundesrepublik Deutschiand und die Forst-
wirtschaft der 3. West in Vorbereitung.

Schrifienreihe Nr_85

..Sportidederung n Landern der Dritten Welt™
1379 228 Seiten. Deutsch. ISBN 3-88085-078-X,
OM29 -

Schriftenreihe Nr. 86

..Agrculturat Engineering, Traimng and Advisory
Centres as a means of prometing agricuiture in
developing countries’”. 1980 Hierbe: handeit es
sich um die enghsche (ibersetzung der Nr. 75,
OM 16.50

Schrittenreihe Nr. 87

Mielke. Gerd (Redaktion) .57 x Ausbidung -
Forderung der beeufiichen Bidung 1 Entwick-
lungsidndern' 1979 358 Seden. Deutsch ISBN
3-88085-072-t DM 16.50

Schrittenreihe Nr. 88

.. fechnmical Cooperation 1t Rural Areas - Facts
and Figures 1979° (Yechnische 2usammenar-
beitt :m landichen Raum - Fakten und Daten
1979). 1879 580 Seden Enghsch ISBN
3-88085-082-8 DM 22 -

Schriftenreihe Nr. 89

. Bildung und Wissenschalk in der Techmschen
Zusammenarbeit it Entwicklungsfandern' .
1979 Deutsch. DM 29,-

Schrittenreihe Nr. 50
.. Gesundhen, Bevoikerungsentwickiung, Ernan-
rung . Deutsch DM 13,50

Schriftenreihe Nr. 1

~Masterplans for Electric Power Supply (Ob-
fectives and Methods). 1980 277 Se.en. Englisch.
{SBN 3-88085-093-3. DM 32.80.

Schriftenreihe Nr, 92

Rau. Norbertundg Rau., Anke: .Commercial Marine
Fishes of the Central Philippines.” 1980 608
Seiuten. ISBN 3-88085-089-5. DM 38,

Schriftenreihe Nr. 93
Plianzenschutz im Nordjemen (Arbeitstitel). In
Vorbereitung.

Schriftenreihe Nr. 94

~Pollution of the waters of the Amman Zerka Area
{Jardan} - A hydrachemicat and hygrobiological
Study.” In korbereitung.

Schrittenreihe Nr. 95
Ruchkstandsprobleme im Plianzenschu'z in der
Dritten Welt. Spanisch. in Vorbereitung.

Schriftenreihe Nr. 96
Ruckstandsprobleme im Pflanzenschutz in der
D.«ten Welt. Franzosisch. In Yorbereitung.

Schriftenreibhe Nr. 97
Wasserhyazinthen. In Vorbereitung.

Schriftenreihe Nr. 98

Heidemann. G. und Ries, H. Q.: ,Regiona! and
Urhan Development”. A methodological frame-
wark. 1980. 48 Sesten. DM 11.25.

Ubersetzung in der Nr. 74.




Sciuiftenvreihe Nr. 99

Heidemann, C. und Ries, H O Ordonamiento
Espacial, desarotio regionals y desarolio urbane.
1980 51 Seiten. DA §1.25

Ubersetzung der Nr. 74,

Schriftenteihe Nr. 100

Hagenbrock, T, Pohl i, Ries, 4. Q.. Spanger. ..
Springer. W Aufgaben ung Chancen von Re-
gionalentwickiungsprojekten in Entwicklungs-
tandarm. DA 39,50

Schriftenrethe Nr. 101
CBE - College of Business Education Dar es
Salgemt Dodoma, Tanzania. DM 14 20

Sciwifterweihe Nr. 102

-Techmical Coltege Arusha — Training of Tech-
migians i Tanzamia = 1980 Enghisch 29 Seiten.
ISBN 3-B8085-090-% DM 18,70

Eirvee Proyerkthurzdarsteliung.

Schriftenreihe Nr. 103

Centros do formation et de vulgansation en genie
agricole. urn moyen de promonon de L'agrcutiute
dans les pays en voig de développement, 1980
Framzosisets. DM 24 50

Ubrseresung chor Nr 75

Schriftenreiehe Nt. 104
Das Verwaltungsinstitut Sana'a Qeutsch, Eng-
lisch, Arabisch,

Schriftenreiehe Ne. 105
Dopplor. Werner: The Economics of Pasture
improvement and Beef Production in Semihurict
West Africa = 1980 195 Seiterr. Englisch. ISBN
3-88085-101-8. DM 14~

Schriftenreihe Nr. 106
Stuchen. Gutachten, Berichte (Arbeilstitel). In
Arbeit.

Schriftenweihe Nr. 107
FischeresfGrderung Assadsee/Syrien (Arbeits-
titet). In Arbeit.

Schriftenreihe Nr. 108
Zuckerrubenantau 10 Marokko (Arbentstrte). In
Arbert

Schriftenreihe Nr. 109

Niesthaus, Franz: Mirus- and similar diseases n
tropical and subtropical areas” 1981 216 Seiten
Enghsch. ISBN 3-88085-106-3




The GT2Z

The government-owned GTZ — German Agency for Technical Cooperation —
operates in the field of Technical Cooperation. 1,800 German experts are
working together with partners from more than 80 countries of Africa, Asia
and Latin America in projects ¢overing practicatly 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 Repubtic of Germany and by other government or
semi-government authorities.

The GTZ activities encompass:

- appraisal, technical planning, control and supervision of technical cooper-
ation projects commissioned by the Government of the Federal Republic
of Germany or by other authorities

- providing an advisory service to other agencies also working on develop-
ment projects

- the recruitment, selection, biriefing, 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, selec-
tion, purchasing and shipment to the devetoping countries

-~ management of al! financial obligations to the partner-country.




