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FOREWORD

The original version of this manual on the Employment of Draught Animels in Agri-
culture was published in French in 1968 at the request, and with the assistance, of the
Secretariat of State for Foreign Affairs of the French Republic, Its preparation was
entrusted to the Research and Experimental Centre for Tropical Mechanical Agricultural
Eruipment (C,E.E.M.A.T.), in cooperation with the Instituvie of Stock-raising end
Veterinary Medicine in Tropical Countries (I.E,M,7,T,).

Its purpose was to provide the officers and technicians of the agricultural services
of the French-speaking African states with a manual to be used in the preparation and
conduct of animal draught mechanization operaticns. This aim was fully justified since
this method of draught is extensively used in the agriculture of many countries where
the great majority of the farmers work small areas on a family basis and do not have
sufficient income to change over quickly to power mechanization, Animal draught cultiv—
ation, wherever it is pessible, enables the farmer to improve his working conditions and
his productivity. Its use, however, must in no way imply condemmation of power mech-~
anization, appropriate standards for which are now being worked out for tropical Africa,

The manual, including more than 250 pages with illustrations, has achieved a well-
deserved success and a2 second French edition is now in course of distribution, :

FAO felt that a manual of this kind met a real requirement, not only for French-
speaking tropical Africa, but also for many other regions or countries where the level
of rural developmeni and general conditions are such as to encourage animal draught
cultivation. This is why FAO offers a translation of this manual for use by English-
speaking agricultural officers and techniciane., We feel sure that they will appreciate
its practical value for field cperations,

The authors have provided technical details of a very wide range of egquipment,
manufactured mainly in France and in 17 other countries, This English edition does
not give the names of the individual manufacturers,

FAO is most grateful to the Secretariat of State for Foreign Affairg of the Prench
Rzpublic for ~eraidting this translation; and to the Swedish International Development Author—
ity {S1Da} waich granted the funds required for the translation, editing and printing
oif’ tf.e pressnt version, Thiz puklication is a happy indication of the identity of views
znd ths valusble cooperation which can be estabiished betwden multilateral cooperation
ned hilateral aid corpanizatiena.
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INTRODUCTION

This manuel 1is mainly concerned with the application of animal draught
equipment, a form of agricultural mechanization predominant in the tropical regions of
Africa including Madagascar.

This does not mean that we only mention what is already in existence ir these
regions. OCn the contrary, all sources of infermation have been used, both these which
are at present used in the other developing countries and those which have more or
less been given up in countries which have progressed beyend this stage.

The mechanization of agriculture may be understood in variocus ways.

This marual deals with the use of implements operated, directly or indirectly,
by domesticated animals, with particular reference to those pulled by the animals which
may be available to certain farmers.

Animal draught cultivation methode in Africa have developed fairly recently and
usually sporadically and very unevenly. This stems from historical factors, primarily
the human element, as well as from agronomic considerations and from the animals
themselves.

There is, however, considerable interest in animal draught cultivation. Indeed,
by making use of it, the farmer reduces his beavy physical work and increases the
productivity of his work and his crep production and thus improves his lot. In the
countries in which we are interested, this form of mechanization is azpplicable in many
regions and concerns numercus populations which, at present, generally only use hand
tools for their own food crops or for cash crops.

It may be wondered why the farmers should not be encouraged to benefit from the
advantages of another form of agricultural mechanization, i.e. power mechanization. In
thie introduction, we set out ihe reasons which we consider are against the immediate
and general introduction of "power equipment” into the normal cultivation operations in
the countries concerned. ‘

BACKGROUND AND PRESENT STATUS OF ANIMAL DRAUGHT EQUIPMENT

The use of the power of domestic animals has had a profound effect on the history
of civiligzations, In South~Past Asiz, in the Middle East and in certain courtries
bordering on the Mediterransan, the use of draught animals continues to be predominant
for the cultivation of the soil, Similar methods have been in use for a thousand years
or so. The situation, however, is quite different in the couniries in which we are
interested. While the buffalec pulling a plough in a rice-field may be an integral part
of the South-East Asian country scene, the pair of oxen harnessed to a hoe is still an
extremely rare sight in the cotton-fields of Tropical Africa.

In regions where the ecological conditions permit large domestic animals to live,
it may be wondered why men has not always made use of this source of energy.

The reasen is that, in most cases, crop cultivation and animal husbandry are
traditionally carried or by two separate categories of the rural population, on the one
nend those who cultivate crops and, on the other, the stock-raisers. Furthermore, the
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fields are usually cultivated on a shifting cultivation basis while the stock-raiser is
more the shepherd type. Althouzh he is accustomed to animals, he does not know how to
train them nor how to operate agricultural implements.

With rare exceptions, it was only between the two world wars that equipment was
introduced in regions where there were large herds in an attempt to popularize the use
of draughi animels for cultivetion. It was thought that this would be the easiest way
to introduce animal draught equipment.

In most cases, operations started with the use of oxen (in Cuinea, Mali, Nigeria
and certain areas of East Africa and Madagascar about 50 years agoe). In some cases
{in Senegal for example), to provide the relatively small effort needed for pulling
ground-nut planters, egquines were initially used, first donkeys ard then, guite soon
after, horses.

Gradually, and despite all sorts of difficulties and prejudices which had to be
overcome, ihe use of animals has become normal to the farmer, even in areas where, only
a few years ago, it would have been unthinkable to consider the introduction of animal
draught cultivation.

The first implements imported varied according to region and type of cultivation.
In the first instance, their aim was to reduce particular difficulties with certain typee
of cultivation, such as insufficient speed of sowing for gound-nuts in Senegal and
excessive manual effort for hoeing in the rice-fields of Mali and Guinea. Initially, it
was not a question of introducing a new method of cultivation but of applying more power,
by meang of draught animals, to certain cultivation operations. At the same time, '
however, that certain implements were being popularised in rural areas, the research and
experimental Centres and Stations were working with a full range of tillage implements in
various crops, using as wide as possible a range of implements, at the same time making
use of animal manure as fertilizer. Near these Centres, similar experiments were carried
out, generally on a village scale.

The first implements introduced were selected from among those still in use in
temperate regions. Fairly quickly, however, various menufacturers made available toole
which were better adapted to the working conditions, te the requirements and capabilities
of the farmers as well as to the available tractive power. The countries. which were the
last to be reached by animal draught mechanization thus had the good fortune te be
provided with equipment better suited te their local conditiens.

The main incentive for the development of animal draught cultivation was often the
hope of increasing the production of agricultural produce for export.

Rice, however, also benefited, for example in Guinea and lMadagascar, from the
introduction of animal traction. As well as assisting farmers- in the production of
subsistence crops, it also permitted regional and even international trade (Madagascar
for luxury quality rice). The implements used were, almost exclusively, various types
of ploughs and cultivaters. The same applied, and still does, in East Africa, despite
the relatively large number of implements in use.

A variety of implements were used for ground-nut cultivation. In Senepgal, despite
initial efforts at diversification, the planter was, until recently, the only implement
accepted hy the farmers, whereas in the north of Nigeria, the ridging plough, which has
allowed ground-nut cultivation to be extended so that exports have been increased, remains
the only draught implement used.

Cotton, on the other hand, had hardly been affected by any extensicn of
mechanization until the end of the last world war. Since then, and particularly in
the last few years, in various French-gpeaking tropical countries, there is a tendency,
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within the framework of "integrated operations", to mechanize cotton cultivation. A
range of draught cultivation equipment has been used varying from area to area. This
has included primary and secondary tillage eguipment and transport eguipment.

The extension of equipment for advanced cultivation methods has led, and is still
leading, 1o a progressive increase in the aumber of implements in these countries, an
inecrease which has become considerable in recent years.

Furthermore, small scale experiments have been carried out over a long period with
the object of enabling the farmers to take advantage of all the benefits of draught
cultivation, It was hoped in this way to itransform the farms and the way of life of the
farmer. These experiments have resulted either in technical and economic successes
{such as the village of M'PES0UBA and the BOUNDIALI region in Mali) or more frequently in
failures (such as "pilot—farms" in Upper Volta and "deep-litter sheds" in Dahomey).

Finally, both animal draught cultivation and power mechamization (with collectively
owned equipment) have sometimes been used for the agricultural development of certain
areas. Thanks to the intelligent sharing out of tasks, they have achieved valuable and
lasting results for the farmers, as has been the case at Sakay (Madagescar), Terres
Neuves de Boulel (Senegal} and Sodaica (also Senegal).

In general, a twefold trend may at present be observed:

— general extension of suitably-designed equipmenf over large areas in which
some implements are already in use, thus permitting mechanization of the
major part of the more important cultivation work %in Mali and Senegal),

= intensive itraining and the systematic mechanization of certain operations
assisted by outside Agencies who may or may not have specialized experience
in tropical crop production.

The whole range of previous experiments, including successes and failures, has
provided a useful knowledge of the problems connected with draught cultivation with
the equipment at present available, apprdpriately adapted to local conditions.

Generally speaking, and with the exception of some difficulties in certain

countries, it may be said that the experimental phase is over and that the orientation
is now towards effective and economically viable action.

THE VALUE OF ANIMAL DRAUGHT EQUIPMENT IN AGRICULTURE

It seems obvious that the farmer should, wherever possible, make use of domestic
animals to help in his cultivation work.

Their use reduces his labour in the preparation of the soil, in tending his crops
and, sometimes, in harvesting the produce. With a pair ¢f oxen harnessed to a plough,
provided that he masters the use of bhoth, he will naturally require less effort than
when he works with an "angady" or a hand hoe to prepare a piece of land for sowing or
planting. The same applies if he uses a ridging-plough enabling him to make the
ridges in which he will, for example, plant his cassava cuttings. Fe can even use the
animals by themselves, with much less effort than with his traditional metheds, to
prepare the rud in which he will plant out his rice seedlings, by making them tread
the flooded rice—field; even though this method has certain disadvantages, it being
better to make use of a "puddling” roller.

For tilling his crops the use of animals to pull, for example, a hoe with various
interchangeable tines will, even under the worst conditiens, only require him to hoe and




weed by hand the unworked strip close to where the ground-nuts are growing,

Although there are relatively few animal draught harvesting implements, it is only
necessary 10 observe the interest shown by farmers during demonstrations of ground—-nut
lifting to be convinced of the success of suitable lifting implements.

Even theough the physical effort invelved is not very different in the two cases
of cultivation by hand and with draught animals, the productivity of human labour is
increased by the use of the latter, as als¢ is crop production.

On the other hand, the use of ani. . traction implies obligations and, directly
or indirectly, leads to an increase in the farmer's work; there are, however,
compensating factors if the new method is introduced raticnally.

The farmer must become accustomed to the znimals, despite lack of tradition in
their use. He must learn both how to work with them and how to carry out the tasks
involved in keeping them in goed physical condition so that they are able to perform
the work he can expect of thenm. He must accept the fact that he will, to a certain
extent, have to spend time with his animals.

He will also, sometimes, have to undertake work for which he has ro special
aptitude, such as mzking certain bits of harness, since gualified artisans are often
lacking.

The larger area cultivated will have the immediate effect of increasing certain
manual tasks, such as weeding the increased area vnder cultivation. Harvesting also
will be more exacting, particularly as the yield per unit area will have been improved.

Furthermare, the ploughs and other soil preparation implements can only be used
really satisfactorily and without damage to the implements themselves if the soil is
praperly cleared, particularly of tree stumps. Animal drauvght implements canrot
unfortunately carry out this task. It is 2lso necessary 1o scw in rows so that
mechanical $illing may be applied and this means having to change established custioms.

The collection of straw andé haulms, the manufacture of manure, its transport
to the field and its spreading, are all major items of work, even if its digging in
results in appreciably increased yields.

Finally, the introduction of farm implements and animals involves buying them
and providing for their replacement.

These obligations and this extra work rmust, however, lead to the application of
betier techniques in both agriculture and stock-breeding. The latier directly provides
the farmer with milk and meat while he, producing better crops, prepares himself for
the use of more complex machines. These will enable him, without too much difficulty,
eventually to use power mechanized equipment. And this brings us to a last question of
principle.

WHY NOT CHANCE OVER DIRECTLY FROM MANUAL TO POWER MECHAIIZED CUL{IVATION?

In view of the obligations involved in the d=velopment of animal traction, it may
be wordered why the farmer cannot immediately be allowed the benefits of power
mechanization. These are, indeed, much more extensive than those offered by animal
traction, So that raticnal use may be made of animals, arrangements must be made to
change the farmer's way of life and habits as well as the whole structure of his
cperations; all this %o achieve satisfactory results, even though they are far below
those which can be expected of poWer mechanization which has, in temperate regions,




made such rapid strides that yields are now achieved which would have been thought quite
impossible twenty years ago.

Against these possible advantages of power mechanization could be set the lo
series of failures in this field recorded in Africa since ihe last world war, whether it
be in the case of ceollective use of power equipment (by large para-national enterprises,
public services, etc.) or in the case of individual use by African farmers. These
adverse experiences should not be tazken as a reason for condemming mechanization, but
rather as useful experience for defining the conditions under which its use is possible.

It is thus ¥nmown - with general hindsight — that power mechanization can only be
considered to be economically viable if the necessary funds are available, if the users
are sufficiently competent and if the necessary infrastructure exisis.

The acquisition of certain multi-purpose animzl draught implements or power
agricultural equipment is usually of ne interest to the individual farmer who does not
have the necessary funds available. It is obvious that, in most countries in Africa,
the farmer is unable to buy a tractor. The ratiocnal use of mechanized equipment
presuprpeses, in addition to a minimum mechanical competence he is far from having, a
knowledge of intensive cultivation methods which he almost never practisns.,

In addition to these difficulties, the technical support services, without which
a tractor guickly becomes unserviceable, particularly for lack of appropriate maintenance,
is generally lacking.

Distances are long and roads are often difficult and the servicing facilities are
seldom near the area of use. The farmer would have to store fuel and nearby artisans
are not sufficiently skilled to carry out emergency repairs.

Various suggestions have been made - and some have been applied - to overcome these
difficulties, Credit facilities can be made available either ¢a a national basis, with
due regard to the normal budget difficulties of the countries .oncerned, or on an
individual basis.

In this latter case the question automatically arises as to the guarantees the
farmer is able to give. TUnfortunately he can hardly ever give any. It becomes
necessary to study the economic viability and application of the tractor for the types
of cultivation practised.

Indeed, the lender, whoever he may be, has to take risks and it is rare for a
private concern to agree to do so,

A5 regards the acquisition of agronomic and mechanical skills, no solution has yet
been found other than providing training courses run by competent technicians over a
fairly long period until the farmers attending the courses are sufficiently irained to
be able to work under less intense and less continuous control. Although this type of
training gives the farmers a goof insight into the agronomic techniques invoived in the
application of mechanization, it has the disadvantage of not including ihe tractor
driver, who, moreover, is not himself a mechanic. Furthermore, a certain amount of
infrastructure is essential to support power mechanization.

We have set out above three conditions necessary for the development of power
mechanization. They can very rarely be met in the countries in which we are
interested and can only be achieved more or less artificially in the pursuit of a
particular aim in a specified area.

Assuming that these conditions are met, they are still only preliminaries: the
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profitability of the mechanized operations still has to be ensured; i.e. production costs,
accurately and fully calculaed, have to be balanced against the value of the product.
Experience shows that this is rarely possible, bearing in mind, on the one hand, the

cost of agricultural produce for sale on internal markets (particularly for local
consumption} which, in the final analysis, depends on the general standard of living and,
on the other, on the prices obtained for exported tropical agricultural preducts. In
most cases yields have to be considerably increased - a state of affairs which can only
partly be achieved by mechanization on its own -= before mechanization starts to show a
profit. This takes into account only internal prices and not the balance of payments of
foreign currency.

Finally, in present circumstances, the actnal choice of basic equipment for
mechanization is not easy since the ordinary modern tractor requires advanced technical
knowledge by whoever wants to.get full value from it. Furthermore, the two—wheel motor
cultivator is relatively costly, less robust and fairly difficult and tiring to drive
and the "simplified small tractor" is still, in various forms, at the prototype stages
and does not seem very hopeful from the cost and traction capability points of wview.

We propeose to consider now the following :

~ draught animals
— the implements, using direct traction or involving an intermediate machine

— rural skills, which must play their part so that the animals and the
implements may be properly used

~ pome economic considerations having a major influence on the rational use
of animal traction.

" Before proceeding further, it seems worthwhile pointing out that the issue of this
manuzl does not imply the adoption of any exclusive position on the subject.

Indeed, we do not claim that, at preseni, the farmer must make use of animal
draught cultivation implements in addition to his traditional or newly imported hand
tools. There are many examples which confirm the succinct statement that he should
make use of animal traction whenever possible and power mechanized cultivation equipment
when. justified or essential.

Finally, in the application‘of mechanization there must be practical proof of its
effectiveness in order to assess the relative economic viability of power mechanized
equipment and draught animal cultivation with respect to each specific cultivation
operation or, better, for all the work of a farm unit. This requires the ready
availability of extension workers to advise the farmer. Adivice will be given here
about the use of animal iraction.
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DRAUGHT ANIMALS AVATLAELE IN TROPICAL AFRICA

SPECIES AND BREEDS

The animals which can be used for traction belong to the following species:
bovines, equines, asinines, camels and mules.

a) BOVINES

These are divided into: =zebus and taurines.

The first are usually ot lecal origin (with the exception of some breeds imported
into East Africa and Madagascar: the Indian Sahiwal and the America Brahma), the
second are either of local origi: or imported. As regards working bovines, they are
nearly all of local breeds; indeed, animals are only imported for specially profitable

purposes such as milk or meat. We shall now describe some important working breeds.

1) Bovines in West Africa {including Chad and Cameroon)

- The PEUL ZEEU, with short horns, is rather a group of breeds which go under
the names of "White Peul Zebu", "Sudanese Peul Zebu", "Nigerian Peul Zebu" and "Cameroon
Peul Zebu".

They are rectilinear*, medielinear, sumetric: the horms, of medium length,
are usually lyre—shaped.

These zebus are put to work at 3 or 4 years of age.  Although slow, they
work hard and are even-tempered.

. = The GOERA ZEBU: a lean animal, subconvexilinear, longilinear, hypermetric,
with long horns, lives in Senegal. Its hump ia very well developed and it has long
legs.

It is one of the most used and best suited breeds of West Africa. When
crossed with N'Dama taurines it produces a massive stocky animal perfectly suited to
draught work.

- The M'BORORO ZEBU: Convexilinear, longilinear, hypermetric, with long horns,
mahogany-coloured coat and very widely dispersed throughout the Sahelian area. The
method of breeding gives it a fierce nature making it difficult to train. This can be
done, however and good results bave been achieved in the Central African Republic.

= The SHORT-HORNED SAHELTAN ZEBU: lives in the Sahelian regions south of
the Sahara from Mauritania to Chad. It is rectilinear, mediolinear, eumetric,
thickset and well-covered. It has short and slender legs, generally short horns and
the hindquarters are slightly inclined.

* In order to avoid long explanations we have used the conventional shortened forms of
animal classification. The first of the three successive adjectives relates to the head
profile (and, incidentally, the whole body), which may be rectilinear {flat forehead, eye—
sockets not protruding, horns extending the line of the neck), convex {rounded and
prominent neck, sunken eye—sockete), or concavej the second adjective refers to the
proportions of the body, i.e., to the relation between length, breadth and depth — the
terms mediolinear, brevilinear and longilinear are self-explanatory; the third adjective
refers to-size, i.e. the weignt of the animal which may be average or "eumetric", heavy -
"hypermetric" or light - "ellipometric"”.




Used in Nigeria, it is put to work when 3 years cold.
It is active, a good worker and has an equable temperament.
It is an excellent beast of burden and can carry 80 to 100 ke.

— The N'DAMA TAURINE originated at Fouta-~Djallon (Guinea). It is found in
Guinea, Casamance, Ivory Coast and Mali and has been exported to the Congo and the
Central African Republic.

It is rectilinear, mediolinear, eumetric, has lyre-shaped horns and & fawn
or black coat with white patches on the sloping parts of the body.

It is excellently shaped for draught work: short-—legged and broad-backed.

The short-horned Taurine: (Baoulé) is a little light but is nevertheless
used in the Central African Republic.

N*Dama Zebu crosses are found where their living areas are adjacent.
They are widely used in Senegal and Mali.

2) Bovineg in Centrzl Africa

We shall mention the following from among the many breeds in this area:
- The ANKOLE, a large, long-horned, lean zebu., TIits coat is generally deep
red-brown, though variations are possible. It is found in Uganda, Tanzania, Congo
(Kinshasa), Ruanda and Burundi.

The oxen are used as draught animals They are put to werk at about 2%
years, when their average weight is 300 kg. They are active and docile,

= The BARCTSE, a breed which lives in Zambia.

It is used as a draught animal and is put te work at 2 or 3 years of age.
It is even tempered but its suwitability is limited by the wealmess of its hooves.

—  The NILOTIC ZFBUS, a huge heterogenous group living in the Upper Nile basin.
The oxen can be irained as dréught animals and are docile hut slow.

They are put to work at 6 years of age and can go on working for about
8 years.

~ The ANGONI, a zebu originating in Zambia and mainly .bred for meat. It is
not normally used as a draught animal but, whenever tests have been made, it has proved
active and even tempered.

3) 3Bovines in East Africa

- The BUKEDI telongs to the big group of "East African short~horned zebus".

It is a small stocky animal with big muscles. Some working oxen weigh
as much as 450 kg.

Used as a draught animal, the Bukedi is even tempered and works regularly
although slowly. It is put to work at 2 or 3 years of age.




SUDAITESE ZEBU




H'BORORO ZEBU

MADAGASCAR ZEBU




E'DAMA BOYTHES




- The lCAWDA appears to result from a cross Letween the Ankolé and the Bukedi.

. It is a massive medium—sized animal sometimes without horns. Its hooves
are toughe.

The oxen are used as draught animals.

4} Bovines in ladagascar

~ The FADAGASCAR ZEBU, rectilinear, mediolinear, eumetric is stocky and of
medium size. . Its horns are lyre— or crescent-shaped. Its coat is vari-coloured.

Altheugh bred mainly for meat, this docile zebu is extensively used as a
working animal, for such work as the preparation of .rice-fields, ploughing and pulling

~carts.

1t is put to work at 4 years of age when it reaches a weight of about 300 kg.

B) HOKSES

1) Horses in West Africa

Three types of horge are found: arab, barbary, dongolaw.
Only the latter two are of interest to us.
—  The BARBARY HORSE
The finest specimens are to bé found in Mauritania, but there are many
derivatives. They are rectilinear, mediclinear, eumetric with powerful legs and a light
coat.
—  The DONGOLAY HORSL
This breed is to be found in the easterp part of Uest Africa. The purest
stroins are in Higeria. It is convexilinear, longilinear, eumetric. It is very long-

necked and slender-legged. It has a dark coat with white poinis.

Yhen crossed with the barbary it is the basis of many breeds, such as the
Heoussa, Songhai, Mossi, etc. :

- The PONY
This type exists in Senegal and Chad. It is improved by arab blood.
The horse, of any of these three types is an excellent draught animal, both
for pulling carts and for light worlk. It is fast and easy to handle. It is rmuch used

in Senegal.

2} Horses in Fast Africa

The horses found in Bast Africa stem from the arab type. Generally speaking
they are little used as draught animals.




3) Horses in Madagsascar

Little horse-breeding is carried on, this animal being congidered a lweury.
It is hardly used at all, with the exception of a few carriage horses in the capital.

) DONKEYS

The donkey is to be found throughout Africa, but its living area is limited
towards the south because of its susceptibility to trypancsomiasis.

Its coal is short and gray with a cross—shaped black band.

It is a good carrier, capable of bearing loads of 50 to 100 kg.

It is fairly frequently used as a draught animal in Senegal and Upper Volta
and this use is developing slowly elsewhere.

D) DROMEDARIES

As with the donkey, it would be deceptive to try to describe breeds. The
dromedary is mainly used in the Sahara regions as a pack or saddle animal,
harnessed, except for drawing water (in Mauritania and Niger).

E) MULES

Mules are very rarely used, even though very successful .trials of crossing with
Poitou and Moroccan he-asses were carried out in Mali between 1930 and 1944.

TABLE COF SIZES AND WEIGHTS OF DRAUGHT ANIMALS

It is seldom

SIZE (height at withers) ADULT WEIGHT
SPECIES adult, (cm.) {kg.)
Breed Male Female Mzle Female
TAURINES N1 Dama 105 - 115 105 ~ 110 ' 250 -~ 280 | 245 - 280
_________________________ max_:_3df ) _ ]
Peul 130 120 %gg - i?g 250 — 300
Gobra 125 = 140 125 - 135 %gg - gg 250 - 350
Bororo 130 - 145 130 - 140 %gg - %88 360 - 450
Sahelian 130 123 300 - 200 | 250 « 300
ZEBUS Madagascar 125 — 135 120 400 300
Ankole 145 120 500 345
Baroke 130 126 490 345
Nilotic 122 108 350 255
Angoni 125 120 560 480
Bukedi - - 365 261
liganda - - 280 270
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TABLE OF SIZES AND WEIGETS OF DRAUGHT ANIMALS (cont'd.)

SIZE {height at withers) ADULT WEIGHT

SPECIES adult, (cm.) {ke.)

Breed Male Female Mzle Female

Barbary 140 - 148 300 - 450
HORSES Dongolaw 140 - 145 300 - 350

Pony 125 ~ 135

———————— }— el e il e Pl
DONKEYS 0,70 =1 80 -~ 100
KILES 1,20 = 1,30 200 - 250

——————— -L--—--—-.————Jn———-o——-——-l-—-—————————-
DROMEDARIES 1,90 - 2,10 500

KOTE: The measurements, particularly the weights, given here, apply to
properly fed animals.
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II

CHOICE OF ANIMALS

4)  CHOICE BY SPECIES

The choice is, in fact, often limited in each region by non~technical considerations.
We have, however, felt it worthwhile collecting together the arguments for and against
each species.

1)

2)

The

Horsge

a)

ADVANTAGES

It ie a friendly animal which becomes attached to its owner.

It enjoys a certain prestige in Africa, so that the farmer is
inclined to give it greater care than he would to an ox.

It ig gasy to train for all kinds of work.

When working, it is fast, easy to handle, docile and can be
simply, easily and accurately controlled.

DISADVANTAGES

It is often too light in Africa, where its weight may be 250
to 280 kg, under average maintenance conditions.

It has a fairly weak constitution and needs special care and
attention. It is costly to maintain.

It is susceptible to trypanosomiasis.
It tires fairly guickly when working.
It is expensive to buy.

Its harness is costly.

The Ox

a) ADVANTAGES

- Tt works slowly but unflaggingly.

— 1t is hardy and strong and easy to feed.

- TIts harnessing is simple and the yoke can be made locally at
low cost. .

- Its purchase price is attractive (in some countries 1 pair of
oxen = 1 horse).

— it the end cf its working life, it may be sold for meat, after
fattening if possible.

b) DISADVANTAGES

It is not a friendly animal, at least as far as many African
farmers are concerned who are totally lacking in “"Tarming sense".
The farmer considers the ox solely from the point of view of its
working value.
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- The ox needs relatively large grazing areas.

- It appears to be more difficult to train than the heroe. It
needs more manpower to control it.

-~  When working, it is slow.

3)  The Donkey
a) ADVANTACGES
= It is a friendly, hardy and gquiet animal.
- It is economical to buy and can he maintained with farm produce.
-~ It is easy to train and is intelligent.

- It is patient when working (light draught work and carrying).
b} DISADVANTAGES
- Very light and limited in strength.

= It tires easily if drivem too fast.

- Tt is susceptible 10 trypanosomiasis and harness sores.

4)  The Dromedary

This animal is patient and hardy but difficult to train and sometimes has
an akward temperament.

B) CHOICE OF BREED

In the preceding chapter we listed the main breeds suitable for work.

Let us stress that, in most cases and whenever possible, use should he made of
local breeds, to be found on the spot and to avoid tranefers or imports of animals, the
disadvantages of which will be described in Chapter IV.

C) CHOICE OF INDIVIDUAL

Within a particular species or breed, what are the qualities to be looked for
when choosing a draught animal?

1)  Build

As regards the ox, as a draught animal, it must be powerful, compact, sturdy,
with well-developed musclee, particularly those of the back and the hindguarters,

Its legs must be strong and as short as possible ("low on the ground”).
Its chest rmst be ample and deep.

It must have strong hooves.

With the draught horse, in addition to the same power characteristics as the
ox, the following will be looked for: ‘short and straight shoulders, as long forelegs
and as strong muscles as possible {starting 1everage), sloping hindquarters and short
hindlegs.
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Character

Whatever the species, a calm and docile animal will be sought, without vices

{tendency to kick or to butt).

3)

Age

¥With the ox, itraining starts at sbout 2 or 3 years of 2ge. With the horse,

a little later (3 years).

4}

5)

Sex
Gelded males are usually uaed.

The mare, the she-ass and the cow can, however, be used.

Utilization and work to be done
a) The Ox

The ox is particularly suitable on fairly heavy soil, for falrly deep work

(15 cm.), for lifting ground-nuts, digging in green manure, pulling loaded carts,
drawing water from wells. :

b} The Horse '

The horse will mainly be used .on light soil for shallow row-crop work { such

as ground-nuts, sorghum and millet), and for pulling the meeder or the light hoe.

It is without peer for pulling light shafted carte or cabs.

On the other hand, it is not strong enough for.ploughing or pulling the

ground-nut lifter,

¢} The Donkey

The donkey is suitable for :

~ light draught work and carrying

~ light work, such as weeding, hoeing, sowing or single row
planter. :

d} The Dromedary

It is used mainly as a beast of burden end, in near-desert regions, for

drawing water.
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I11

HEALTH CONTROL WHEN BUYING

At the time of buying it is necessary to check, with the agsistance of a veterinary
[urgeons

A) By means of a clinical examination, that the animal is not 111,
B) If it comes from another region, that it is not liable to trensmit disemses,

G} Take steps to ensure that it is as far as poseible protected against dieease.

A)  CHRCKING THAT THE ANIMAL TS NOT TLIL

Taking into account the local incidence of diseame or that of the repion from which
the animal comas, it rhould be examined by a veterinary surgeon and be rubjected to varioun
tegts showing that it is free of diseasne,

With the ox

:3 A tuberculin test to detect tuberculosis.
A biood test for freedom from brucellosis,
&} A blood smear to look for blood parzsites (piroplasma, trypancscmes),
d} An examination of droppings to leook for digestive parasites and possible
infection with Johne's disease,

With the horse, donkey and dromedary

a} A thod smear,
b) An examination of droppings.

B) CHECKING THAT IT CANNOT TRANSMIT A CONTAGIOUS DISFASE

In order to do this, the animal must be quarantined, i.e; isolated in & shed, park
or enclosure for r fortnight to & month, It must have adequate food and water.

C¢)  TAKING STFRP3 TOQ PREVENT ILINESS

Durins the quarantine period the animal must be vaccinated against the main diseasea
rife in the area, or 1t must be given chemical preventive {reatment,
VACCINATIONS
- for the ox
- rinderpest
- contagious bvovine pleurcoprn@umonia
- Anthrax
- Blackquarter
- Pasteurellosis,
- for the horse and donkey
- African horse msickness

-~ Tetanus
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FROPHYLACTIC TREATMENT
- For the ox, horse, donkey and dromedary

- De-—worm periodically using modern anthelminties. In each case the manufacturer's.
instructions must be carefully followed.

Tf the animal comes from an area where trypanozomiasisocours, it may be advisable to
have it treated, A veterinary surpgeon will decide which drug to use according to the
species of animal and trypanosome invelved, and whether curative or protective treatment
iz nesded, .
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Iv

CARE OF ANIMALS AND HYOIENE

4) FFFECT OF DRAUGHT CULTIVATION ON ANIMAL PHYSTOLOGY

1) Fatirue

Fatigue caused by ton much work results in a lowering of physical resistance, making
the animal more susceptible to digease. In this way, for example, trypanotolerant
bovines living in an area infested by trypanosomiasis con be affected by the disease
when subject to fatigue and overwork,

. Fatigue also has a direct effect on the animal: lossof weight and weakness which
may lead to death from exhaustion, '

2) Tranefers of animals

Animal draught cultivation involves transfers of animals from breeding areas to agrio—
mltural areas: there are many examples: N'damas in Senegal, N'damas from Mali to Ivery
Coast, animale from Ivery Coast and Guinea to the Central African Republiec, etc.

These movements may have the following congequences:

— A chanre in the animal's way of 1ife, such as the change from the traditional
extensive breeding ground to the gemi-enclosed conditions of the working ox. During
thiz neriod of ~daptation, it may happen that the animals will not eat and will lose
veight and become apprehensive, etc.

— From the health point of view, as we have seen, these animals may transmit diseases,
like, for example, the zebu cattle from Sahel which introduced contagious bovine pleuro--
pneumonia . into the Guinea area, Changes in environment may expome animals to new dineases
ard paraniteas +n which they have no immunity, and may be the cause of severe outbreaks of
disease, These are the rearsons why animals available on the spot should be used whenever
possible.

3}  Accidents at work .

These are mainly due to bad handling of the harnessed animals or to defective harness.

Many injuries are caused by ill-treatment {blows}, bruisea, sores, insect bites, ete.
Harness sores are particularly freguent on the withers, at the bace of the horns, on the
ears and under girths. Restraint injuries are caused by pulling too hard on the nose-
ring during work or the use of rope to hobble the animals when resting.

B) HIGIFNE
Certain elementary principles of hygiene must be observed with draught animals,
In Africa, generally spenking, the horse is well locked after. On the other hand,

the nreas where the farmers have become accustomed to looking after their oxen well are
still too rare,
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1) Work and rest

The animal must be allowed adequate time to feed, and in the case of ruminants to
chew the oud. .

The draupght ox works an average of 4 teo 5 hours a day. The unduly hot hours must
be avoided. During the remainder of the time, for rest and feeding, the animal must be
put in the shade, either in a shed or under a tree, It is not recommended that an animal
be tethered in a pasture in the full sun,

2) Feed

This must be of gond gquality nnd the animals must be watered regularlj at fixed times,
We shall return to thiz subjent at greater lenpth in 2 special chapter,

3) Brdy carc

a) Grooming

Thisz can be done dry (particularly with horses) with a stiff brush and a eurry-comb
and then finizhed off with a 5oft brush.

In tropical countries, particularly with bovinez, the animals may be washed and brushed

with rcoap and water, rinsed thorouphly, left to dry and then brushed. OCrooming must be.
carricd out at lenst once n week,

b) Care of the hooves

Avoid stanes apd earth petting stuck between the parts of the cloven hoof (ox) or in
the hoof (horre). Clear with a special teool oo a picce of wood, Aveid pointed hooks or
shorp knivern,

In certain cases (animals working on hard land or animals with soft or brittle horn)
the animnl must be =hod, -

c¢) Care of the mane (horse)

Comb or cron the mene,

4) Farness hypienno

When the parts of a harmess are manufactured, care must be taken to gvoid gharp‘
anrles, protruding nAilns or screws, too heavy stitching, in short, anything which might

hirrt or interiera with the Animal.

Thr barners must be kept clean by perisdical cleaning or washing and, at the same
time, disinfection with a phennl or cresol. solution.

5) Housing hygiene
Tt is while housed that nnimals are most likely to spread infection from one to another,
fvarerawding must be avoided and the stablen muwt be kept clean by:

-~ perindic cleaning and diginfection,

- rcnewal of litter
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~ drainage of ligbid manure

- action arainst insects,
This latter action is acromplished by means of long-lasting ineecticide sprays.

C) FPREVENTION OF GISFASE

1) Contagious dineames

It is recommended that vaccination be carried out without waiting for a diseaze to
break out.

Action must be taken in good time, since treatment is sostly and rarely fully
effective,

-~ RINDFRPEST

Cattle must be vaccivaled ns calvés and then onge again after they are 12 months old,
If Tissue Culture varcine is used there ia no vbvions reaction, se that animals can be
injected at any time of the year. The immmity will be life lons.

- PERIPNEUMONTA

If you suspect that this disease is present, call in your veterinary surgeon as soon
as possible, so that any infected animal may be got rid of immediately. Treatment may
cure the animals of their symptomn, but many of them remain as carriers and can infect
other healthy animalp. Thia is therefore a very seriour dimsase, and breeders snd ownera
must be aware of the risks in areas where it is enzootic, Healthy animals must be
protected hy vaccination,

~ A'THRAX AND BRLACKQIUARTFR

Vaceination is carried out every 6 to 12 months in areas where the diseases occur.

2} Parasitic diseasen

- TRYPANOSOMTASTS

In suitable arcar a co—ordinated nttack on the taetse fly may give good results in
the control of this direase, The methnds used, which may include bush clearance and the
larpe mcale spraying of insecticides, ere obviously not the reqponﬂ1b1]1fv of the animal
hushandry extension worker,

Tt must bhe apprecinted that in some areas and with certain epecier of trypanosomes
the diseare in anrend by hiting flies such as Tahanne and Stomoxys, and rcan be a major
problem even thnugh nen taetse flies are prenent.

In addition nrotection of the animals by the injeetion of drugm may be necessary, a
point vhich can only be decided by your veterinary surgenn,




1y

HELMTTHTASTS

The animals must be periodically de-wormed at intervals dependirr on their age and

the season of the year. Tn general mere frequent trentments are vequired for young aniwala,
and for all animals during And just after the roiny meason.

For stomnch and intestinal worms phenothiazine has largely been replaced by modern

drugs which are much mnre efficient. These munt be used strictly in accordance with the
manufacturer's instructions.

Where animals rraze on marnhy ground, liver fluke infection may be 2 serious problem
in oattle, Carhem teotrachloride may be uned for treatment in some areas, but in others
leads to srvere toxic mymotoms. Wuch safeor and more effective medicines are now avmeilable—

consult your veterinary surgenn rerarding which one you should vne and the hert tmes of
the year to rive i,

FXTERVAT, TARARTTES

Lire, which breecd on the apimaln, arve the ensiest to cortrol, ard are suseeptible to
almost all insecticides, MTuo applications are recsuired — one te kill the 1ice present on

the animal at the time and the second 10-14 days later %o kill lice which have liatched from
the nrps attached to the anim-1's hair,

Fleas beeed on the rronnd and thus reneated treatments are nenemsary jin order to keep
the infestation wider» control. Some incecticides do not have a persistent action and ro
the animnl nan beeame re—infested almort immediately, others are persistent and will keep
the animal free for dnsra nr even wed<s., The inteorvals between trentments must be decided
by obsnrvaticm in each cane,

Ticks Are perhans the birsest probhlem, nnd iv =any parts of the world have develaoped
resintance £o ceme of the dips uned arainet them.  In arens of heavy infestation treatmont
evary 5-7 days may be remiired, vhere infection is light the intervals can be longer,
except in arean whore the ticks are transmittine important diseases such as Fast Coast
Fever and lleartwater, when continued regular dipping at short intervals may be essential,

Arimals may be anrayed uning hand or motor operated pumps, or in the simplest way
washod with a buckot and cloth or sponge., It is important that the animals are thoroughly

sonked to the okin all over, paying particular attention to the ears and the end of the
tail.

Tt must be emphasized that most of the chemicals used are very poicsonous, enpgcia]Ty
jn their eoncentrated forms. They mnst therefore be handled very carefully, and diluted
hefore une exactly as directed by the manufacturers, '

MTNOR_TNNTV FWIAT, ATTYMTTON

Thern are a number of non combapious diseases and conditions, often guite wiror, g
.which may affest the animals, Many o these result frem the nature of the work performed,
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While awaiting the veterinary rurgeon's advice the man in charge of the animal may
wall have to render first aid treatment. :

1) kounds

Theee may be the result of fighting or mcoidents, but are commonly due to badly made
or badly fitting harmess. 1In the latter came it is important to change or adjust vie
harndsa o that preseure or friction is removed from the injured area, otherwise the wound
will have‘nc ohance %o get better, The animal must also be rested until the injury has
healnrd,

Fregsh wounds: If the wound is fresh and clean your veterinary purgeon may decide to stitch
it, Therefore do not touch the exposed purfaces if yom can help it, a light dusting with
a zuphonamide powder may be uneful,. If the wound is dirty -~ Say contaminated with eoil

or manure - it nhould be washed gently with a noneirritating antimeptic such as a 0,1%
gusternary ammonium solution or & 0.1% potassium permanganate solution, or best of all

wi~n hydrogen peroxide (10 volumes strength 1 part, pluas warm water 2 pqrts). ‘When clean
dust liphtly with sulphonamide rowder,

Never use alcohol of any strength on a fresh wound - 1t im not very efficient against
bacteria snd will do a lot of damame to the tissues, Tineture of lodine will also do
mo-= harm than good.

Ql- infegted wounds: As considerable tissue damape has already oocurred, rather stronger
aniigeptina mry be used. Hydroren peroxide is again very useful te clean up the area, or
snd may use quaternmary ammonium compounds 0.5%, potassium permanganate 1%, gentian violet
sclation 0,1% ar weak tincture of iodine,

Sul phonamides are not very effective if there is much pus or dead tissue about, oo
ap antibintir powder, epray or cream should be used,

In the case of deep or contaminated wounds in heises, it may be advisable for sour
vetvirinary surpgeon-to give an injection of antitetanus serum, but this will not ba
necensary if the animal is protented against tetanvus by remmlar vacciration,
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2} Straing

Thene result from undue effort in a joint, often caused by exceasive vork on bad pground.
They give rvige to pain, swellins and lamencee.

~ TREATHMENT

The animnl must be riven complote resl until the condition is cured, and then put
back to work very rradually,

While the part is hot and painful it should be douched with cold water as often a&a
poseible,

If the awelling and lameness continue it may be helpful to rub the part with a
rubefacierit or mildly irritatine medicine such as vinepar or a paste made by mixing
mustard with vater, Jf anything stronger than this is needed it should be prescribed
and applied hy a2 veterinary surgeon,

3) Tenomynovitig

This is strainine or stretching of a tendon followed by inflammation of the mynovial
=heath which surrounds it. Tt iz most likely to be seen ir horses,

Treatment .« exactly the same as for the strain of a joint,

4) Burzitis or hyrroma

A bursa is o synovial sac, the ones most likely to be affected are those lying between
& bony promincnce and the nkin, or between a tendon and a bone, The condition iz commonert
in borses, The saune is alwavs injury, Tor example rubbing Trom badly fitting harness,
or lyving on roncrete floors without adequate bedding., The symptom is a local fluid filled
swelling which may be painful erough tn prevent the animal from working.




While the awelling iz hot and painful cold douches are helpful, If the condition
becomern chronic your veterinary sureeon should bhe calied in - he may decide to apply.a
girong counter-irritont or to drain.and injoct the swelling,

Never trv to open one of these swellings voursel[, as it is gure to become infected
and then tnkes a very long time to rerover,

5) ¥ance

A common dismcare in animals kept wnder intensive conditions, Thore are ceveral.
different tyres of the disease, all are ennily spread by direct contact or the umse of
brushes, harnesa,. blanketg oo, first on a dincased animn) and then on a heoalthy one,
The symptoams in prneral sre itching, the formation of scabe and arugsta, losts of hair
and marked thickening of the skin,

-~ TREATMET

Alwaya try to treat the discase in ite early rtogen, if it has npread over much of
the body treatment may be verr difficult,

Soften the senhs hy annlyinge vegetable oi}, then nerub pently with soap awd water.

Apply with a soft brush or by snraying a anlution Fo i1l the mitest

¥ - ¥ THC (Jiwdane) 0.067,

— orrano~phoenhorus scaricides at atrengths apecified
by the manufeeturers,

Repeat every 5 to 7 dove mntil cured.

6) Rinmsorm

A fungus disease of the skin which may he seen in all specien of animala, It ie
commonest in ynung cattle partievlarly on the head and nock, The oumptoms are almost
round lesionn with locs of hair, seab formation, end in enttle very marked thickening of
the skin, In nerlneted cnses the lonions may jein torether to involve large areas,

- :J;RFATMWI}

DMlute tincture of iodine

Flycarinn ; equel parts

Paint on the lesions daily.

In severe or stubborn cases call in your veterinary Surgron.




23

v

WEICGHT AND POWER OF DRAUCHT ANIMALS

4)  CENERAL REMARKS

In addition to knowing the average tractive effort which draught animals can produce,
it is alsoc useful to assess the amount of work that can be expected in a day and the
conditions under which it can be obtained. In short, how the animals work must be
understood.

Unfortunately, the tractive effort that can be obtained from a draught animal depends,
more then anything else, on its individual characteristics, i.e. its breed, its sex, its
age, its weight, its size, the quality of its feed, its training for the work, its health,
etc, This is why it is impossible to give useful information, i.e. precise figures,
wnich are applicable everywhere. The tractive power of draught animals has been
measured, at different times, particularly in Burope, the United States and South America,
by, amongst others, Ringelmann, Vitali, Bithle, Maschek, but the figures obtained are in
no way applicable in Tropical Africa.

In these latter regions, accurate and systematic measurements have only recently
been made and still only in a few areas. Research work has been applied much more
frequently t¢ horses than to oxen, since the former were almost sclely used in Europe
and America, until the development of internal combustion engines, for road transport and
this seemed to justify these studies more than theose related to the agricultural work
of the regions further South.

On the other hand, the general relationships established by this research, and
particularly the principles used and checked, are applicable everywhere. We shall,
therefore, first summarise what we consider the most interesting of these general data,
thus enabling us to set the general scene for the practical results which can be taken
into account for certain regions of Tropical Africa which we will then describe in detail.
This latter deecription will be mainly based on measurements taken recently in these
regions by the C.E.E.M,A.T, in cooperation with the I.E.M.V.T. The purpose of these
trials wes to try to find the sustained sffort achievable by the draught animals of these
regions under normal conditions of agricultural work or, in the case of intermittent
work, the maximum effort possible, and the power they make available for the various kinds
of agricultural work. In particular cases, they have permitted assessment of the
maximm tractive effort which the agricultural implements can stand.

The general studies on the cutput of draught animals have shown that what is called
‘their "total output" (the energy furnished by the animal and available for work divided
by the energy contained in ite rations) over a long working period is of the order of
0.12 for man, 0.10 to 0,12 for the horse family and 0.09 to 0,10 for bovines.

It ie known that the output of relatively powerful mechanical engines, calculated in
the same way, can at present reach 0.25 and even 0.30.

This idea of output, which can be accurately expressed, emphasizes the fact that
working animale can only be used efficiently if they receive sufficient food. Details
on this are given in Chapter VIII of this same Part.

It seems, moreover, that each animal, under a given set of living and working
conditions, is capable of carrying out a certain amount of work daily which cannot be
exceeded and which has been assessed at 3600 times the weight of the animal moving at
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1 metre a second (this applies particularly to the mule and the horse in Brazil). This
means that the animal, working for 10 hours a day, can provide a tractive force equal to
1/10th of its weight (at 2 speed of 1 m/s if a horse is concerned).

Whatever the exact value of this figure, it is certain that a greater force can only
be produced for a shorter time and also that a greater tractive force can only be developed
at a lower speed (by reducing the pace 1ength). For each species, breed and even
individual, it appears that there is a natural average speed of movement which the animal
tends to adopt, to the extent to which the effort demanded permits. As an example, when
harnessed to a cart of a2 weight corresponding to their size and on suitable ground, the
Peg/Zebu moves at 3 km/h, the Ankole at 3.5 km/h and the Sahelian Zebu at between 5 and
& h,

Working animzls can, however, over a very short period of time, develop much higher
power than that produced during "normzl" work. The bovines are capable of this to some
extent like the horse, which is not alone in being able to produce a sudden effort.

Thus, in trials in Italy, pairs of strong well-fed oxen have been able to develop 20 to 30
horsepower over a distance of 100 metres and, in the United States, a good pair of draught
horses have been able to develop 20 to 25 horsepower for 10 seconds, while in Brazil,
single 55C kg oxen have developed 2 to 3.75 horsepower over a hundred metres.

The normal work under %these conditions and which is, in part, explained by a strong
acceleration of the draught animals, is obviously produced to the detriment of the total
time the average effort can be maintained; +the animals tire quickly when performing tasks
involving numerous peaks of effort. !

Excessive overloading may, moreover, seriously affect the health of the animals.

Here, we shall only consider one of the possible uses of waorking animals: traction.
It must, however, be remembered that they can carry leads which may, for example, be as
mch as 50 to 65% of the weight of the animal in the case of donkeys, well suited to this
kind of work. Animzls can also be used in a third way by lifting their own weight up
an inclined plane (or a wheel) — but this method of use, which was. previously to be found
in Europe and the United States, has been completely abandoned. It involved, moreover,
the use of complicated machines.

As regards the mechanice of animal traction, various observations have been made and
measurements taken. It must be remembered that the greater part of the weight of
quadrupeds is distributed over the front legs (nearly 60% in the case of the ox) and that
the hindlegs do 1little more than provide movement during normal traction, i.e. other than
when exceptional momentary resistance has to be overcome, The weight bearing on these
hind legs is therefore of great importance to the animal's grip.

Furthermore, the animal's effort is applied on the ground at heof level in a more
or less horizontal direction so that the compactness and texture of the soil also have
an important influence on the available tractive effort, On loose ground, without any
consistency, this effort is much reduced. For & different reason, on an uphill or
downhill slope, because of the reduction in the proportion of its weight perpendicular
to the ground, the animal's grip is lessened. In zddition, when going downhill, the
animal has to brake its advance with its front legs, resulting in extra fatigue.

Finally, the tension in the hind legs of the animal varies alternately with each
step so that there are cerresponding variations in the tractive effort which is never
constant. i

Using twe or more animals harnsssed together results in a relative loss of
efficiency of each of them, at least with the yokes and harnesses at present used.
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According to Bockelherg, who made a special study of the relationghip between the number
of animals used together and the resulting loss of efficiency, this amounts, with relation
to the tractive effort of a single animal, to 7.5% for two animals, 15% for three, 22% for
four, 30% for five and 3T% for six,

Accordingly, when using a pair of oxen of the same stremgth, the tractive effort of
a single ox working on its own would be multiplied by 1.9. If two pairs of identical
oxen were used, the tractive effort of one pair would be muiltiplied by 1.7 and, with three
pairs by only 2.

B) POWER OF DRAUCHT ANTMALS

Strength is not the characteristic which permits assessment of whether draught
animals can carry out specific agricultural work; it is rather the tractive effort
available, whatever its speed, which gives information on the capabilities of the unit
for the work to be carried out.

Wnen draught animals are used outside certain normal limits of speed of movement,
either above or below, it is easier to induce the animals to develop their maximum
power by requiring a relatively low tractive effort at a relatively high speed. This
can Ye seen from an examinatjon of the data set out in tables II:and III.

The maximum power of a pair of Renitelo oxen {table II) was cbtained with an
average force of 150 kg and at 2.9 km/h whereas Demi~Brahma oxen (%able I¥1) developed
20 kg m/s less with a practically identical average force.

The idea of power is involved in the calculation of the output although the
agriculturist usually relates work achieved to the area worked.

Nevertheless, power may serve as a comparative parameter and enables the behaviour
of the various draught animals to be interpreted under very different working conditions
such as, for example, ploughing at 2.2 km/h with a 150 kg tractive lcad and mowing grass
at 3.5 km/h with a tractive load of only 90 kg.

The tiredness of the oxen is fairly similar in both cases, even though the tractive
effort required by the mower is much less than that by the plough. The power developed
by the draught animals, of the order of 90 kg m/s explains this comparable state of
tiredness with, nevertheless, more pronounced shortness of breath at the end of the day
for the unit with the mower, its speed being greater,

- Level of sustained effort developed by different draught animals:

Table IIT shows that there is a wide variation in aversge traction capabilities
with relation %o the weight of the draunght animal, particularly between the donkey and
the various bovines subjected to these tests.

These capabilities are as follows:

- for the donkey: better than 1/4 of its weight

- for a pair of N'Dama oxen (Defa}: about 1/7th of their weight

- for a pair of N'Dama oxen {Minankre): about 1/10th of their weight
- for a pair of Madagascar Zebu oxen: about 1/8th of their weight

- for a pair of Demi-Brahma oxen: about 1/7th of their weight,

These different levels of tractive effort, obtained with certain types of draught
animals under conditions peculiar to different countries, provide reference points from
which can be estimated the average working cutput of the most widely used animals in
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tropical climates. Scientists of temperate climates have been able to assess the work
furnished by the animals in an 8 hour working day.(by the most recent authors) ar a 10
hour day {for certain earlier authors), However conditions are different in a tropical
climate and the length of time the animals can Le kept working each day without exhausting
them is very unlikely to exceed 3 to 6 hours (oxen are sometimes used for light work for

8 hours on alternate days]. Under light working conditions, with animals in good health,
and in view of the general law discussed above, higher performances relative to the weight
of the animals can certainly be expected.

DONEEYS: The capabilities of the donkey are thus shown %o be better than those
sccepted by certain auwthors in Europe {Ringelmann: 1/Bth of the weight). It must,
nevertheless, be borne in mind that the farmer often has considerable difficulty in feeding
his animals, particularly towards the end of the dry season. These animals, particularly
donkeys, are liable to start the season of agricultural work in relatively poor condition.

It may therefore be accepted that a donkey can produce a continuous effort of be
between 1/5th and 1/6th of its weight at a speed of the order of 2.5 to 2.8 km/h for 3 to
3% hours a day. S

Experience shows that it is difficult to keep a donkey working for more than 3%
hours, or 4 at mest, however long rest periocds are allowed. A normal day's work should
be organized along the following lines: {we sessions of an hour and & half to two hours
each with 2 rest period in beiween of a half tc three quarters of an hour.

The performance of horses has not been studied, since this animal is not
particularly suitable for such arduous work as ploughing used for carrying out tests of
effort and power.

BCVINES: Only oxen have been subjected to trials, -zlthough it must be recognized
that cows also have a certain wvalue.

It is found that the -rariations in output of different oxen depends more on the
type of soil being worked than on the type of oxen.

The output will be a maximum on regularly worked agricultural land, i.e. the
effort will reach about 1/Tth the weight of the draught animals, whereas it will not
be more than 1/10th on land not properly worked and containing a fair number of
obstacles such as stones, tufts of couch grass or the roots of small shrubs. The
latter is fairly common and applies in practice to the ploughing of land left fallow
with fresh growth of shrubs which, despite prior clearance, have retasined a certain
number of creeping roots.

These rocts, and possibly other obstacles, cause jolts and, therefore, pesks
in the tractive effort which, as mentioned above, quickly tire the draught animals,
whatever the average effort.

Because of these unduly severe irregularities, it is sometimes necessary to reduce
the width or depth worked by the implement.

Thus, draught animals which can develop an average force of 100 kg when there are
peaks of 150 1o 200 kg, can produce an average of no more than 80 kg if the peaks reach
250-27% kg. The intense fatigue caused by such high peaks must be compensated for
by a reduction in the sustained effort so that the animals may recover, which is only
possible if the sustained effort is very low; hence the need to reduce the width
or depth of the work.

The working day of draught oxen is about 5 to 6 hsurs, either in a single session
broken by a reasonable rest period or else half in the morning and half at the end of
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the day. It appears that the most widely used timetable is to work from 5 or 6 in the
morning until 11 or mid-day, the farmer then spending the afternoon on other tasks.

By reducing the duration of work, the intensity of effort depanded can be increased
to some extent, provided that it is sufficiently regular not to strain the animals unduly.
In actual ract, an appreciable increase in the area worked ofien involves such an increase
in total effort that = unit consisting of a gingle pair of oxen can ne longer cope wWith
the work.

Gonversely, by reducing the intensity of effort demanded, it should be possible to
increase the daily working hours a little. The problem then is to chooge a timetable
which avoids the hottesct part of the day; it is particularly this requirement which
limits working hours when the animals have to produce a big effort.

In some countries with fairly heavy land, the farmers habitually work with units
of two or even three pairs of oXen. In Madagascar, in particular, ploughing teo a
depth of 10 or 12 cm. needs at least itwo pairs of oxen most of the time. Three pairs
are generally used in Tanzania.

TO SUM UP, the trizls carried out and the experience of the extension workers
show that there is a level of work which should be required of draught oxen which
depends on %the state of the ground, the speed of working and the daily hours worked.

Working at- a rate which suits the animals and adopting a timetable similar to that
described earlier, the average effort will be about 1/10th of the weight of the animals
when ploughing in ground containing obstacles and 1/8th when already well-worked
agricultural land is involved.

When 2 or 3 pairs of oxen ars used — a fairly infrequent occurrence in tropical
African countries — it is particularly the standard of iraining which determines the
traction capability; wusing several animals together, even if they are well driven,
results in losses of effort. The average losses indicated earlier have not been
checked under tropical conditions., On the assumption that they are generally valid,
on well cultivated land and with a pair of oxen weighing 750 kg, an effart of 1/8th
of the total weight would be achieved, i.e. about 90 kg; with twe pairs of similar
weight in harness the possible effort would be 90 x 1.7 or about 150 kg and, with three
paires: 90 x 2, or 180 ka.

For work such as scarifying, hoeing and weeding, during which i{he farmer has a
tendency to speed up the pace, it is preferable to adjust the implements so that the
average tractive effort is limited to l/lOth of the weight of the animals, -the power
absorbed during this kind of work being often of the same order as when ploughing.

¢ PRACTICAL CONDITIONS FOR THE UTILIZATION OF DHAUCHT ANIMNALS

Based on the estimate of the traction capabilities of draught animals as a function
of their weight and the characteristics of the ground to be worked, how should the area
to be worked be adjusted to the level of effort available?

This is where advice from the Extension Agencies is needed. If they advocate
the development of draught cultivation and recommend the wuse of certain implements, they
mist also warn the farmer against using the animals in a way that is harmful to them.

In order to do this, it is absolutely essential te carry out various dynamometric
tests on each type of s0il, in order to determine the width and depth of work
corresponding to the various levels of effort calculated for the main lypes of draught
animals likely to be used by the farmer.,
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The National Agriculiure Institutes or Agricultural Engineering Services of the
various countries, or any other competent Body, could include these studies in their
programmes. The Services, Institutes or Agencies responsible for the extension of
draught cultivation should take part in the studies so that the farmers may quickly
become aware of the limite of the work which can reasonably be expected of draught
animals in the area.

In actual fact, the farmer is tco often left to his own ideas of how much work
his animals can do, on the pretext that, kmowing his animals, he knows very well how
to estimate how tired they are.

Practical experience shows that tiredness is often fairly difficult to assess and,
in the absence of accurate criteria, the threshold is often overstepped beyond which
the animals have great difficulty in regaining their strength - if they are given the
opportunity, which ie by no means always the case. '

It is sometimes found thal aiming at high output or utilization at whatever cost
in drapght cultivation, with too arduous work, results in working conditions which
compromise the length of life of the animals thus abnormally increasing the death rate.

The optimum output from draught animals can only be obtained by using adult
animals which have not had their growth impeded by being put to work too early.

The age at which training starte ie often about 2% to 3 years, the cost of
purchase then being lower than that of adult animals. Care nmust be taken not to
include arduous work among the tasks carried out by the young animals and on no
account must they be harnessed with adult animals doing deep ploughing.

Furthermore, hamessed units should only be made up of animale of the same breed,
or at very least of animals whose reaction is similar in dealing with work loads.

It thus appears rather illogical to harness together two pairs of Zebus and one
pair of Renitelos, as is sometimes done in Madagascar under the pretext that the latter
heavier animals increase the capability of the unit. As the average speed of advance
of Renitelos is generally higher than that of the Zebus, they are obliged to adopt
an abnormal pace; furthermore, they iry to overcome obstacles whereas the Zebus have
a tendency rather to stop. ‘There is certainly an increase in output but, prodwcing
more effort than the Zebus, the Renitelos tire quicker so that an apparently false
conclusion may be reached that the Renitelo is not as strong as the Zebu.

D) THE IDEA OF MAXIMUM INSTANTANEQUS EFFORT

Study of the power of draught animals, and of the continucus effort available,
determines the average effori which will be applied to various agricultural implements.

The maximum effort reached when ploughing with a peir of oxen weipghing a total
of 700 to B00 kg. will, depending on ground conditiong, generally be between 250 and
400 kg. .

1t sometimes happens that implemenis are subjected to much greater efforts,
mainly when the implement comes up against an unexpected obstacle such as a stump,
big root, block of stone, etc.

An acceleration by the animals may further increase the strain on the implement,
which often happens on badly prepared land when the animals, having beer: slowed down by
variatiens in the effort reguired, are suddenly urged forwerd by the driver.
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The maximum efforts which can be developed by various types ¢f draught units are
set out in Table IV. With a donkey or a horse, the maximum instantaneous effort is
as much as, or even exceeds, twice the weight of the animal, With a pair of oxen
the maximum ie about the same as their weight.

In-the case of bovines, the extreme values are all obtained at speeds appreciably
‘higher than normal fer these animals.

The mean of the maximum values recorded which varies from a half to 2/3rds of the
weight of the animals corresponds to trials carried out at a speed nearer that of
actual working conditions.

Accordingly, it appears essential for the mechanical characteristies of a plough
to be calculated on the basis of the weight of the draught animals most widely used
50 that the maximum effort applied, even accidentally, cannot damage the implement.

TARLYE I1

Trials of Maximum Power in a Dav's Work

Mean Duration of
of day's work
TIPE Mean | maximum
DRﬁiGHT Weight| Age | effory efforts| Speed Power
ANIMALS ) Hours Effective
kg (Years| kg kg km/h | kg m/s} worked ours
1 pair of White Peul 790 11§ 110 188 | 2,3 69 5.20 4.05
Zebu bullocks (Sarial 100 166 | 2,T 15 5 4.25
1 pair of N'Dama ‘ 720 |11 & 100 255 2,9 9 3 o205
- 13 .
bullocks {(FarakowBa)
1 pair of Renitele 1110 5% 150 360 2,9 120 3.40. 3.40
bullocks (Kianjasoa)




TABLE 11X

Power of draught animals cver 1ong periods:

{ploughing and tillage work)

Mean of Daily wovking Duration
TYPE & NO. OF | Welghtf Age | Average| maximum | Speed|Power hours of trial(l)
ANIMALS effort |efforts(4) Hours |Eiiective
kg { years ke ke kn/ | ke m/el worked houra  daye
1 domkey 160 - 46 88 6 3 to 3 14 - 10
1 pair of oxem 657 6&8| 90 170 2,2 | 54 5% 5 (2) 4 - 4
N'Dama (Sefa)
1 pair of oxea 800 9 & 10| 80 215 2,0 44 5 4 11 - 10
N Dama (ﬁinnkro)
1 pair of Madagascar £50 | 445 80 150 2,5 | 56 4.3/4 |4.3/4 (2) 3- 3
Zebu bullocks (3)
(Ki anjyasoa?)
2 pairs of Macagascar 1300 | 4&5 | 160 400 1,8 | 8o 5.3/4 {5.3/4 {2) 2~ 2
Zsbu bullocks
3 pairs of Madagascar 1945 4 &5.| 200 435 1,6 83 5 £ {2) 2 -2
Zebu bullocks
1 pair of oxen 1060 6 147 310 2,4 97 5.10 4.40 11 - 10
1/2 Brahma (Fiadana) ‘

1)
2)

3)

4)

The first figure indicates the periad covered by the trial and the second the number of days worked,
The effective hours worked are identical with the hours worked since the animals were used morning and

evening for 2 to 3 hours;

3 pairs of Madagascar Zebu bullocks worked:
adding a third pair, ploughing an unprepared field;
unit did herrowing.

The values shown in this colwm are the mean of the maximum efforts recorded after each furrow,

it was not necessary to break these half-gessione with rest periods.
first with 2 pairs in harness, then 3 pairs made up by
subsequently a single pair of the original

ot
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TABLE IV

Maximum instantaneous effort

Instamt-| Instant-
aneous | Mean | aneous
No. and type Weight| Age Efforts | Spaed| Efforts | Speed
of emimals Nu::er Mean Maxima
tests ke |yearal kg ko/h kg km/h
1 donkey 155 - 215 3.8 355 4.5
1 pair of donkeys 4 310 - 355 4,1 480 4,5
1 horse 265 - 425 4.7 550 4.8
1 pair of Djockhore bullocks | 13 T30 [Tt 10| s00 3.4 780 4.5
1 pair of Djokhore ccws 6 635 | = 375 2.8 570 4,0
1 pair of White Peul Zebu
bullocks 2 770 19 = 11} S6F - 800 -
1 pair of Madagascar Zebu
bullocks 2 650 |4 =~ 5 345 3,1 50 4.5
2 paira of Madagascar Zebu
bulleocks 1 1300 14 =5 650 3.1 mgggothén 3.8
1l pair of Renitelo bullocks 1. 1110 | 5% _590 3.9 mgasothan 4.5

NOTE: The harmesses used were as follows:

= collar and then breast-harmness for the domkeys (no significanf differeacs

« breast-haraess for the horses

= head yoke for the Djokhore bullocks and cows

= withers yoke for the Peul Zebus, the Madagascar Zebus and the

Renitelos,
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VI

TRAINING OF BOVINES

a) CHOICE OF DRAUGHT ANIMAL FOR TRAINING

1) Desirable characteristics

To the extent possible, the animale chosen should be stocky, thick-set,
strong mscled (particularly thigh, hindquarters and loins), short-legged, powerful
and strong-jointed; with large feet with solid hollow-soled hooves {preferably
black); broad and deep chested.

: The use of the withers yoke requires solid ghoulders, not too sloping and
the presence of a hump to help keep the yoke in place.

The use of & head ycke requires a powerful, short neck, 2 thick nape, a
wide head and solid wide—based horns of medium length and angled forwards.

- With a young animal the following must be stiressed:

+« the gize and firmmess of the bone structure and joints,
+ the presence of muscles under a fine, short-haired glossy
coat.

- The yoke should be fitited to bovines of the same size, age and build.

- Generally speaking, the following should bte avoided:
« unduly bulky, narrow-chested, long-headed animals on thin legs,

. vicious or lifeless oxen.
2) Sex
Bulls are not very docile and are difficult to train.

Cows need a lot of fead to cover their maintenance and lactation and gestation
pericde which may, moreover, be considered ill-suited to the rudimentary breeding
conditions in Africa.

They cannot work continwously and must stop for 1 to 2 monthe each year (end
of gestation period, beginning of lactation).

Bullocks are the bovines best suited to draught work.

- AGE OF CASTRATION

This must be done between 10 months and 2 years, the best time being between

18 months and 2 years. Too early (at 7 or 8 months) results in a slowing down of body
development .

Too late (after 5 years), castration does no more than reduce the male
characteristics. '
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- TIME OF YEAR FOR CASTRATION

This is of little importance if the dry season is not very marked or if
additional feed is available on the farm.

In countries with marked dry seasons it is very important to carry out this
operation shortly before the rainy season (hence the choice of animals born before or
at the beginning of the rainy seaaon).

B) ACE FOR TRAINING

The suitable age is, on average, between 3% and 4 years, though training can
be undertaken at 2} years provided that sufficient feed can be provided when working.

The best time of year is at the end of the dry season (this allows the training
to be completed with the first ploughings and sowings and adequate feed to be provided).

It can be done at any time of year if the animals are being trained to pull
carts. Otherwise additional training before ploughing is essential.

€)  TRAINING METHODS

1) Duration of traiming

This depends on many factore, the more important of which are :I

= The age of the animals. They learn quicker the younger they are.

«  Their character. A lively animal, which will later be able to
give better service than an initislly more docile one, will be
more difficult to handle and will require longer training.

~ Their state of health.  More can obviocusly be démanded of a
healthier animal.

~ The trainer. The skill, experience and character of the trainer
may all influence the duration of training.

The training of a pair of oxen for the variocus types of agricultural work takes
an aver:ze of a month. The time required for the various exercises provided for in the
followi: z programme may vary widely.

2} Training programme

This applies to a programme proposed for a pair of oxen.

a) PUTTING ON AND ACCEPTING THE YOKE

b) TRAINING FOR WALKING

- Start - walk = stop

- Development of tractive effort
-~ Straight line

= Turns
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- Walking backwards

(These different exercises can be copducted with and without reins).

¢) . ADAPTATION TO SPECIFIC TASKS

- Ploughing
~ Spring time cultivating
— Pulling a cart.

d) WORK WITH A SINGLE ANIMAL

GENERAL REMARKS

The technigque of training can be acquired, bu the trainer must have the perscnal
gqualities of patience, firmness and sympathy toward: animals. The training atmosphere
is well understood by such people. As any brutalivy is out of the guestion, moderate
blows which do not hurt the animal can be delivered at the beginning of training to
enforce obedience. The normal methods of command (voice, gestures, reins) must always
accompany the blows and then replace them completely after the results have heen achieved.

An ordinary goad which pierces the skin and reduces the value of the leather should
never be used. The eleciric goad however is very effective and is not dangerous.

Finelly, there is no point in obstinately continuing the training of an animal which
has shown itself to be vicious. It is better tc get rid of it quickly, because of the
accident risk it represents.

The training period upsets animals because of the unusual Toutine. As a result
they expend more energy than during normal work. They must therefore be fed on a
genercusly calculated scale {gee chapter VIII).

Working sessions must not be long (for example not more than three periovds of 1%
hours in a day). The hottest hours must be avoided end so must stops during working
sessions,

1) Putting on and accepting the yoke

The first aim is tc¢ restrain the animals to force them to accept the yoke.
Depending on their character this operation may be easy or very difficult.

A wary bovine, not wearing a nostril rope, is caught by trying to approach it in
the middle of the herd so that its movements are reatricted. If it is by itself, it
must be caught by surprise, or by surrounding it with several men. The firat job is
to get a rope round its hoerns. If the animal panics it must be given time to calm down.

In inter-tropical Africa, restraint by means of a light cord passed through a hele
in the nostril partition is common practice. Accidents are rare, but brutal use of the
cord may result in tearing the partition. The metal nose ring is preferable in all
cases. It is smooth and does not hurt and cannot break (fig. 1). .

With violent and nervous cases, it is helpful %o tie a rope round the base of the
horns or to the legs.

Putting the yoke on very restive animals may he achieved by using an already
trained animal together with the one to be trained. Whenever it can be used, this
method is the best.
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Fig. t - Screved ring - La Guerche ring

Fig.la-— Simplified "stock": height depends on the size of the oxen
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Fig. 2 : '+ LEADING

I -~ To be avoided: +the man is pulling on the nose rope, the animal
stretches its mizzle forward

IT - Normal attitude: +he nome rope is slack, the ox carries its head
normally
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Ancther method also to be recommended is that of the "stock™. This consists of a
frame made of two strong wooden posts of about 10 cm. diameter which are sunk vertically
into the ground to a depth of 1 m. The height above the ground must be suited to the
size of the oxen (on average 1.50 m.). They are set about 2 m. apart. A horizontal
crosspiece of the same diameter jeins the two posts at the head height of the oxen. It
is held in position by ropes which can be cut quickly if necessary. The heads of the
animale are attached to the horizontal bar by the horns (fig. 1a).

The stack not only allows the yoke to be put on but enables the animals to be
restrained for such other operations as trimming the horns, marking, care of the feet,
ete. .

The oxen must be left tied under the yoke until they are perfectly calm. They
should be trained to accept putting on and removal of the yoke without violent
reactions. Usmally, one day is enough, bui several days may be necessary.

2}  Training to walk

As soon as a pair of oxen accept the yoke, their training in walking rtaris.
Efforte are made to encourage them to move together, while individual movements are
discouraged, If needs be, the trainer puts himself in front of the animals and facing
them.

He holds the nose-ropes while his assistant {who is eseential) or assistants (if
the beasts are difficult) keeps close %o the flanks of the animals which they may
control by means of ropes attached to their legs.

The animals must not be dragged by their nose-ropes (which would result in lifting
their heads with the nose held forward). These ropes are used to control the spacing
and height of the heads (fig. 2}.

A fault, difficult to correct, becomes apparent when the oxen tend t¢ lean against
each other or, on the contrary, to separate. It is then necessary to make them walk
by themselvee with a single yoke while training them for draught work.

Very quick progrees to the developmeni of tractive effort is necessary. Very
often, the first two exercises (walking under the yoke and tractive effort) can be
undertaken together, the animals being easier to handle when they have an effort to
make, provided that it is not in excess of their capabilities.

The thing to be dragged may merely be a tree trunk attached to the yoke by a chain.
A sledge, loaded progressively and in accordance with the strength of the animals, might
perhaps be the best device.

Sowing the weeding work require that the trained oXen can be guided accurately.
This result is generally achieved in Africa by making 2 cowherd (often 2 child) walk
at the head of the oxen.

It is useful. during training, to introduce the use of reins which are more
effective in allowirg accurate guidance of the harnessed animals by the person at the
implement (fig. 2a).

The reins, usually 8 mm. ropes, are attached to the ears or the nostrils, A
simple system consists of a single rope attached by a loop to the right horn of the left
liand ox with a turn round the left ear of the same animal, through the hands of the
gériver behind the animals and returning to make a turn round the right ear of the right
nand ox before being attached by a loop to its left horn. The left hand animal is
thus pulled solely te the left and the right one to the right. The same arrangement
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is used with nose rings wher fitted (without attachment to the borns) with the two
nose rings also joined by & rope.

A more sophisticated system is that of double reins, similar to those used with
a pair of horses harnessed abreast. The left rein (which runs slong the left flank
of the left animal) ie divided into two parts attached to the two left ears of the
animals or to the two nose rings and the right rein is similarly fixed on the other side.

Bovines quickly become accustomed to guidance by reins, starting with leading them
from in front. Once the reins are in place and held normally by the trainer, the
cowherd first continues to lead the oxer, close to but without touching them. He then
gradually moves further away ae the exercise develops, finally leaving the oxen guided
solely by the reins. This exercise reguires particularly good coordination between the
two operators.

I

Pair of oxen with reins Detail of the rein
on their outer ears round the ear

Fig. 2a

Turns, both wide and sharp, must be taught by making the animals carry out figures
of eight so that they get into the habit of turning both ways.

Starting up must be taught frem behind (combining voice and gestures) and not from
in front. To teach stopping, the cowherd stops in front of the animals at the same time
as the trainer pulls back on the reins.

Walking backwards is taught as soon as the oxen obey the reins properly, but first
by pushing on their muzzles with both hands from in front, At the very beginning, blows
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on their nestrils may be necessary. Walking backwards must be achieved over a relatively
long distance when working with carts. The difficulty is to prevent the hindquarters
from going in different directions. During the trazining period the use of straps to

keep them parallel may possibly be used.

3} Adapiation to specifie work

Oxen which know how to walk properly must still be trained for the various tasks,
for which they cannot be used straight away.

For ploughing, they must be taught teo walk one in the furrow (which hinders its
movement } and the other on the land and to continue straight on after the end of the
furrow until the implement itself reaches the end.

Training for work with spike tooth and spring tcoth harrows is easy, but the
animals must get used to walking on loose ground.

Changing over to the cart, whose resistance to movemeni is less constant than that
of an earth-moving implement, may give rise to accidents as the animals may btolt. This
changeover must not, therefore, be undertaken too early and it is wise, to0 begin with,
to keep an assistant in front of the oxXen.

4) Work with a single animal

When the pair of oxen works calmly and obediently, it becomes easy to uncouple
them and make them work separately. It will thus be possible to use the oXen
alternately for weeding between lines or together with different implements. Only a
few hours are generally meeded for this training.

5) After training

Although training may seem to be complete after a few weeks, the various habits
have still only been learnt very superficially, During a long period of inactien
after training the animals will tend to lose the habit of daily contact with their
master and the eguipment with which they work, This may make it necessary to start the
training again almost completely. The oxen must therefore be put to regular work as
soon as they are trained and the value of the cart cannot be over—emphasised since in
this way the draught animals can continue to be kept at work.

The method of guiding the animals must he exactly the same as that used in training.
It is therefore very important that the training should take place in the presence of,
and even with the assistance of, the owner of the animals.

It is desirable for the animals always to be driven by the same cowherd, or at
least by a limited number of people, since the animals become accustomed to the people
with whom they work.*

Finally, the way of life of the draught animais must be as regular as possible,
since habit is a hasic factor in effective employment of them.

* Tn the cattle shed, the two oxen of the same pair must be tethered side by side.
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Vil

HOUSING OF THE ANIMALS

In African rural areas, very simple housing must be envisaged for the animals
used for cultivation, constructed of local materials such as clay and earthen blocks,
wood and straw.

4)  THE CATTLE SHED

This must:

- shelier 4he animal from sun and rain,

- be adequately hygienic (good drainage, cleanliness) and well ventilated,

- make it possible for all the fodder to be eaten,

- permit complete utilization of the manure.

1) Dimensions

Each animal reeds a rectangular space of about 1.50 m. wide and length according
to size of the animal (from the muzzle to the rear of the hind quarters} + 0.10 m;
i.e. an average of 2 m. to 2.50 m.

2) Floor

This must be impervious and hard and preferably sloping te facilitate the run-off
of liquid manure.

It must not be slippery.

As far as possible, a slightly raised site should be chosen.

1) Construction

Let us take the example of a cattle shed for 2 animals: 9 vertical rosts, 6 of
which 2 m. high support roofing made of woven vegetable materizl or of thatch. The
posts mark cut two 1.50 m. x 2.50 m. spaces for the animals and a corridor 1.50 m.

wide and 3 m. long.

The walls and stall sides should be made of horizontal wooden cross-members
acting as barriers and capable of being padded with straw (figs. 3 and 4).
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Fig., 3 — Plan of a cattleshed Fig. 4 - Crose section (for two or more
for two animals pairs of animals, the ridge pole should be

perpendicular tc the line shown here, i.e.
parallel to the corrider).

The height of these walls should ©e 1 m. or 1.20C m. The whole shed is thus
amply ventilated.

If it is to house several pairs of oxen, the animals of each pair must be
tethered alongside each other.

If possible, the manger should be made of brick. 200 litre casks cut in two
can also be used.

The manger must bte able to heold 100 litres per animal and should be 0,60 m. wide
with its rim 0.50 m. abowe the ground (fig. 5). :

B)  DEEP LITTER CATTLE SHED

In the deep litter cattle shed, the manure stays put; it is covered over every
day with a layer of litter and the manure is cleared out once or twice a year.

No droppings are lost, the manure is well packed and maintenance work is reduced
1o a minimum.
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1) In iis simplest form, the cattle shed will consist of a shelter under which the
animals will be regularly tethered with a little straw as litter so that their
manure can be collected. The roof of this shelter may serve as a reserve of
straw or of forags.

2) 4 more sophisticated type of deep litter cattle shed will include a 2.50 m. wide
trench (to facilitate covering over a length proporticnal to the number of oXen,
counting 2 m. per pair of oxen).

Here are its main details: {figs. 6 -7 -8 -9)

- Depth 1 m, with excavated earth thrown up onto the edges forming a

slope.
- Inclined plane at one end to facilitate entry and exit of the animals.
- Thorn-bushes planted on the rear excavated earth or a movadle barrier

of round posts.

- At the bottom of the trench, the addition of 5 to 7 cm. of packed
laterite 4o prevent too much infiltration of liquid manure (which
should be absorbed by goed litter). Depending on the type of seil,
the side walls may also be rendered with laterite.

- Roofing supporied by wooden posts and framework and covered with
vegetable matter tiling or thatch.
- A well sunk nearby and equipped with pail and rope.
c) THE STABLE

In Tropical Africa, the stable often consists of straw roofing under which the
horse is tethered. It is wide open and amply ventilated. If the necessary materials
are available, housing may be built similar to a cattle shed and enclosed by earth
walis. Its dimensions should be as follows:

For 1 horse: width 1.70 m.

total length 4.00 m.
In addition to tne manger, a rack must be constructed.

For 1 donkey: width 1.00 m.
total length 2.50C m.
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VIiI

FEEDING - PRODUCTIOR AND CONSERVATION OF FEED

The correct feeding of the draught animals ie one of the essential conditions in
the success of animal draft cultivation. In Africa, whereas the horse is generally well
cared for and properly nourished, it is much more difficult to make the farmer understand
that he must pay just a2s much attention to feeding his oxen as he would do for a horse.

The difficulties in feeding draught animals stem from the fact that the adoption
of animal draft cultivation straight away commits the farmer, whe is rarely a stock-breeder,
to a more developed aspect of stock management than is the case with the stock-raiser.
Indeed, the agricultural areas are very different to the pasture areas and, since the use
of the animals in situ avoids seasonal transfers, the farmer has to take the ox to the
fallow land, prepare reserves of feed, distribute additional rations and provide drinking
water.

4) THEQORETICAL REQUIREKENTS

Estimates of the theoretical requirements of bovine draught animals vary from
author to author. The following figures for a 3100 kg bullock may however be taken as
representative:

Maintenance 2.60 U.F. per day (1}
In addition:

1igh1'- work 1:40 U-F-

medium work 2.60 U.F.

sustained work 4.00 U.T.

(1) U.F. : abbreviation for forage unit.

Here are some figures for the maintenance rations of oxen of various weights:

200 kg : 1.95 U.F.
250 : 2,30
300 : 2.60
350 : 2095
400 :  3.25
450 : 355
500 : 3.85

Furthermore, the following formulae apply within fairly wide limits: with E as
the maintenance ration, the total ration for light work may be taken as
3

5 E; for medium work: 2 E; and for heavy worlk: % E.

As regards the qualitative composition of the ration, the digestible protein
requirement, for both maintenance and work, amounts to 250 g.

The tulk coefficient {dry matter per forage unit) must be about:

2 for a resting ox
1.5 for a working ox
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Maintenance ration for a heorse:
resting 2.5 U, ¥, per day
working 5 U.PR
and 325 g. of nitrogenous digestible
matter (maintenance and work)
Maintenance ration for a donkey:
maintenance 1.5 U.F. per day
light work 2.5 U.F,
continuous work 4 UF,

The working donkey rust be properly fed and not left to its own devices.

At the end of this chapter will be found a table of food values of the animal
feeds normally found in Africa.

B) SEASONAL TRANSFERS

Some farmers, particularly in the Sahel-Sudan regions, meke their animals work
during the rainy season and, in the dry season, entrust them to Peul pastoral pecople
who move north with the herds. This system should be abandoned and draught animals
must remain where they are.

c) FEEDING OF ANIMALS ON FALLOW LAD

The use of fallow land for grazing remains the main source of supply of feed for
vworking animals. Fallow land, often 3 to 5 years old, is needed since the African
farmer has not yet become accustomed to the regular use of s0il improvement methods and
fertilizers.

The use of fallow land is only possible in those areas of the Sudanian~Cuinean
zones where there is sufficient rainfall.

On tiropical fallow land, as well as on natural pastures, graminaceae are
predominant and are scmebtimes the only greenstuffs present. If the land is left
fallow for a long time, saplings and shrubs may also begin to grow in addition te
herbaceous planis. ’

The nutritional value to be got from fallow land is generally fairly low: 5 to
6 hectares of fallow are needed 1o feed one ox weighing about 200 kg, To assess the
area needed to feed a bovine, use is sometimes made of the following empirical
formula: to feed an adult 300 kg. ox at least as many hectares are needed as there
are months in the dry season,

IMPROVEFMENT OF NATURAL FALLOW LAND

The feollowing may be used to improve the pasture:
Either graminaceae : Pennisetum purpureum (elephant grass), a hybrid P., Imown as red
neck, or legumincus plants: Stylosanthes gracilis for example.

The following improvement methods are recommended:
- First put the herd ocut toc pasture on land with the improved species and

then put it on the fallow land for a few days: the seeds absorbed are
eliminated in the droppings %thus assisting the soil improvement.
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- It is, however, particularly by means'of enclosed areas that appreciable
progress can be made in the preoduction of feed on natural pastures and
in their effective use.

The fencing will preferably consist of live hedges (cotion—trees, spurge,
mesquite, etc.). These fences enable the animals o te penned in, a3 a
result of which the hard stalks will be trampled, broken down and converted
into humus, the soil will be manured by their droppings and the cropped
grass wWill sprout again. Care must, however, be taken not to put too many
animals in the enclosure.

- Mowing of pasture land achieves similar results., In addition it enables
forage reserves to be stored.

D) FORAGE CULTIVATION

With the agricultural progress associated with stock-breeding, it will be necessary
to cu_tivate plants in the area for cropping, as well as iemporary grassland for feeding
the animals.

The principle of forage cultivaticon is to incorporate it into the crop rotation
syster. The following crop rotation may, for example, be growm:

a = ground-nuts — millet ~ ground-nuts - forage over 3 years
b - cotton — sorghum and beans, ground-nuts -~ sorghum and andropogon or again

c -~ sorghum — ground-nuts (or cotton) — sorghum - Bengal hemp(l

The plants cultivated in tropical countries for forage producticon belong almost
exclusively to the Graminaceous and Leguminous families, particularly the former.

Here are the main species which may be used:
1) Graminaceae
a) Thick stalked

~ Maize, an excellent forege plant for its stalk and its grain.
Needs rich soil and heavy manuring.

- TForsge millet. Broadcast sown, it is an excellent high yield
(up to 30 tons per hectare) forage crop.

-~ Sorghum, ' Same advantage as millet. Disadvantage: the stalks
rapidly harden.When eaten green there are risks of digestive ill effects for the
animals.

- Coix-lscryma - Jobi growe in a variety of soils. It gives high
in

yieldz with 1 to 5 crops a year in a humid ol

o = 2 ¥ C

mate,

- Some varieties of sugar cane with relatively fine stalks may be
used =s forage.

{1) The first rotation is recommended ty the Hural Agriculture Centre at Bambey, the
second by BOUDET for countries with a Sudanian-type climate and the third by
DUMONT, for ccuntries with an annual rainfall of less than 1 m.
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b} Medium or fine stalks

Depending on their main use, these may be classified as follows:

b-1)  HAY GRASSES: these are generally annual Graminaceae with
upright stalks.

-  Teff {Eragrostis abyssinica). (Grows very quickly and produces
excellent hay.

- Sudan-grass ( Andropogon sorghum). Very resistant to drought;
may be cultivated in a dry climate with a short rainy season. lakes good silage.

- Various graminaceae of the Panicum, Paspalum and Digitaria types
{Finger grass: Digitalis exilis is cultivated for its seed and has a stalk which
makes excellent forage).

b=2) INTERMEDIATE GRASSES: +they may be used for hay and may also
be eaten green. Here are some examples:

~ GCuinea grass (Panicum maximum)

-~ Elephant grass (Pennisetum purpurevm). Teeds a lot of water and
prefers rich soil. Its yield may reach 90 tons per hectare.

~ Erachiaria and Digitaria Umfoluzi. Excellent species for cultivated
grass-land ror use as pasture, for hay or silage cropping. 7Yields are about 20 tons
per hectare. The best, in humid areas, is B. ruziziensis and, for humid low-lying
land, B. mutica.

-~ Phalaris bulbosa. Fairly demanding. Much sought after by the

animals.
- Rhode~grass {Chloris gayana}, Good beth for hay and for grazing.
B-3) PASTURE GRASSES: These are perennial graminaceae which,

generally speaking, produce hay which is of poor guality or
difficult to keep.

We may mention:

~ Paspalum dilatatum, in humid soils.

~ Brachiaria mutica {or Para—grass) alse in humid seoils,

- Pennisetum lomgistylum (or Kikuyu-grass) of high forage value.

2} Lepuminous plants

These should preferably be mixed with the graminaceaze.

= Stylosanthes gracilis is particularly successful where the annual
rainfall exceeds 1,000 mm. Its yield with two crops may reach 10 tons per hectare.

-~ Beans {Dolichos Lablab) may be sowr between lines of sorghum; it
makes good pasture in the dry season, ITts yield is é te 10 tens of forage per hectare,
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~ Bengal-hemp gives good forage provided that it is cut before the
stalks become woody. It can bte used for silage.

E) PRESERVATION OF FEED
1) - Bay

In tropical countries it must be mown before it flowers because the grass
then rapidly becomes hard and of low mineral content.

Haymaking is generally difficult in hot countries, except in the Sahelian
region where it can be dried easily.

The forage must be exposed to the sun as little as possible.
Big stacks should be made as socn as the hay is sufficiently dry.

The hay of tropical pastures is generzlly one third less nutritive than
that of temperate climates. During drying it loses, in particular, a lot of carctene,
a principle source of vitamin A.

2,80 o 300

7/// 7 2) Ensilage

This is a procedure for the airtight
preservation of feed, and in bulk. It
enables moist nourishment o be fed to the
animals during the dry season,.

Silare pits should be dug in permeable
soil (fig. 10),

Plants with thick stalks must be broken
up.
Pilling is done in successive layers of

30 to 40 cm. with packing down as the work
progresses.

Fig. 10 Section of & silage trench

Fermentations occur (particularly lactic)., The last layer is covered with
a little straw and with earth which is packed down. Care must be taken to avoid any
air entering the silage pit or clamp.

Ensilage enables reserve of feed to be stored so that it can be fed to the
animals at any time of the year.

It will keep for up to 1 year.

F) ADDITIONAL FEEDING

1) The use of crop by-products *

In Africa, these by-products are all tco often left unused and are wasted.

* See the following publications:
. Tropical products usable as animal feeds in French-speaking West Africa. Mongodin
{B.} and Van den Berg (X.}. I.E.M.V.T. - B.D.P.4,
. The food values of 150 foodstuffs in West Africa. Mongodin (B.) and Rivikre (R.).
I.E.M.V.T. — (1965).
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= Ground=-nut haulm, which is rich in nitrogencus matter, has a forage
value of 0.5 U.F. per kg.

Harvested and dried under the best conditions the haulm from a 4 hectare
ground-nut field (in Senegal) can feed 2 pair of oxen for at least 200 days.

The animals are each given 8 to 10 kg. morning and evening.

- Cowpea haulm is harvested and preserved like that of ground-nuts.
Storage must be sufficiently ventilated to avoid mould.

~ Rice straw can be used as a source of additional nourishment to ensure
carry over during the dry season, particularly for adult ruminants.

- Rice and millet bran, mostly fed to poultry, can provide an additional
source of energy for working oxen and horses.

: -  Ground—put cattle—cake can be given at a rate of 300 to 500 g. per day
per animal to young growing beasts.

— Roots and tubers: yams and, particularly, cassava are excellent for
oxen in providing for immediate energy requirements.

2)  Mineral additives

a) REQUIREMENTS

These are summarised in the following table:

EATNTENANCE GROWTH GESTATION LACTATION WORK

Ca |5 gr/100 kg | 15 x/kg of | 6 £/100 kg | 2.5 te 3 g/kg
of weight gaim of weight of milk

P |5 erM00 ke | 6 £/kg of | 5.5£/100 k=
BOVINES ef weipht rain of weight 2 te 2.5g/kg -
of milk

—— e o v o e — e - e v — o - b e . e e e o e e e

¥acl) 5 gr/100 kg | 2 g/kg of

of weirht gaix
Ca |15 gr 7498/ke -
EQUINES of 51"0th
300 ke P (9¢& 7e36/ke 16.7 g

animal of growth 15.2 £
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%) FRACTICAL ADKINISTRATION

The best method of giving animals mineral salts is to make a "mineral lick"
available to them. There are many different formulae available in the trade. Here
is one recommended in Senegal {Boulel Agricultural Research Station).

demensions 1Tx9 x5 cm
welght 2 kg
composition:

bicalcium phosphate 2%

sodium chloride Bod
calcium carbonate 4%
G)  WATER AND WATERING

Here are some practical figures.

- For bovines:

In extensive cattle raising with night pasturage in the Sudanian areas

- in the rainy seascn:
Zebus: 16 litres {extremes 10 1. to 23 1.}
Taurines: 12,5 litres {extremes 7 1. to 19 1.)

-~ in the dry season:
Zebus: 21 litres {extremes 12 1. to 29 1.)
Taurines: 20,5 litres (extremes 13 1. to 25 1.)

In extensive cattle raising grounds without night pasiurings 30 to 40
litres per day.

For working animals: 40 to 50 litres per day in the dry seasons

~ For horses: 30 tao 50 litres per day.
- PFor donkeys and mules: 15 to 30 litres per day.

- For dromedaries: 50 to 60 litres every 2 days.

H) TYFES OF RATTONS RECOMMENDED FOR WORKING OXEN

BAMBEY Agricultural Research Centre {Senegal)

=  round-nut haulm 12 kg
-~  Bush hay 4 kg
~  Bush silage 4 kg

=  Crushed sorghum 2 kg




SARIA (Upper Volta)

-~ Hay or straw 8 - 10 kg per day
(t+ricaleium phosphate 3 ke

~ 1 kg mixture of { sea salt 5 kg
{ sorghum seed 100 kg

= 1 kg of ground-nut caitle—cake
C,F.D.T. Centre (Niger)

- T to 10 kg of hay
-~ 1 to 2.5 kg of sorghum or ground-nut cattle—cake.

IVORY COAST (according to BOUDET)

-~  HMedium work
«~ 20 kg of young grass
= 5 kg of grass ready for cutting
= 3 kg of gromd-nut haulm
- 1 kg of millet
{ u.F. 4.3
ice. ( MAD(1) : 416 kg
( Bulk : 1.7

= Light work in drier area

= Hay or rice straw 5 kg
-~ ground-nut haulm 8 kg
- ground-nut cattle-cake 0.5 kg
- low quality ground rice 0.5 kg
-~ sorghum 1l ke

(1) (Matidres azotdes digestibies)
Digestitle nitrogenous matter
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FORAGE ~ GRAMINACEAE

DESCRIPTION M.S. M.P.B. Cell. M.G. ENA Ca P M.P.D. ENERGY
% of dry matter Ruminants Ruminants
Digitaria Umfolozi
15.3  13.5 33.7 1.3 38.4 0,49 0,23 9.4 0.60
Green forage {( 20.7 8.7 3.4 1.8 43.3 0,60 0,38 4.8 0.57
{( 32.7 5,0 36.3 1.5 45.8 0.84 0.33 2.5 0.54
Fresh growth 16,2 11.8 32.4 1.0 43.4 0.58 0.31 TaT 0.66
Mali hay 79.0 2.5 38.3 0.8 45.0 0.40 0,22 GC.4 0.36
Ivory Coast hay 87.0 7.8 37.6 2.1 44.2 042 0.24 3.1 0.44
Millet forage
{Sorghum Almum) T4 21.5 25.5 1.2 34.6 0.62 0,54 16.9 0.70
8.9 15,9 3M.4 1.3 35,1 0.59 0,56 11.6 G.57
15.0 8.6 40.4 1.1 39,2 Q.30 0.35 4.7 0.41
25.3 8.3 40.5 1.1 41.0 0,23 0,28 4.4 0.45
30.9 5.4 41,1 1.0 43.6 0,23 0,28 2.7 0.42
Maize forage
Green 21-9 8.7 23.7 2-—{ 59.4 0034 0020 4-8 0.89
Cob forming stage 48.2 8.8 28.0 0.9 54.8 0.69 0.25 4.9 0.75
Straw ‘93.6 5.0 34.7 1l.1 52.5 - - 0.8 .53
Pennisetum Merkeri
Green forage 13.1  13.4 32,7 2.4 36,2 0,34 0,26 9.3 0.60
" n 17.0 9.8 35.7 1.6 41.5 0.41 0.19 5.9 0.56
" " 25.1 T«T 37.2 1.9 42.0 0.44 ©.14 3.8 0.51
" n 39.9 6.2 38,0 1.8 42.5 0.45 0.18 3.1 0.48
Pennisefum clandestinum -
19.5 15.7 32.7 1.8 43.5 0.44 0.50 11.4 0.70
9l1.6 10.5 35.1 1.8 46.3 0.31 0.32 6.5 0,52
Pennisetum pqustachion
Green forage 18.8 8.3 338.8 1.4 41.5 0.26 0.22 4.4 0.54
Hay 92.0 4.1 43.2 1.0 45.0 0.21 0.25 2.0 0.34
Pennisetum purpureum
(Elephant grass) 20.6 10.6 34.9 2.7 39.3 0.40 0.20 6.6 .57
Andropogon Gayanus
18,0 10,2 35,0 1.4 45.1 0,35 0,20 6.2 0.66
22.4 9.0 34.8 1.5 45.7 0.36 0.17 5.1 .63
Hay 27.6 8.0 35.5 1.5 47.5 0.36 0.15 4.1 0,62
3.6 7.4 35.8 1,7 48.8 0,33 0.15 3.5 0.63
44.0 5.3 3T.6 1.6 49.3 0.3%9 0.13 2.5 0.58
93.2 2.8  39.7 1.2 49.8 0.33 0.06 0.5 0.41




FORAGE ~ GRAMINACEAE (cont'd.)

-DESCRIPTION M.S. M,F.B. Cell., M.GC. ENA Ca P M.P,D. ENERGY
% of dry matter Ruminants Ruminants
Paspalum virgatum
Green forage 22.5 9.9 35.1 1.2 43.0 0,35 0.17 6.0 0.59
" " 29.2 6.4 36.9 1.4 47.9 0.26 0.15 3.0 0.58
Hay 91.8 5.7 38.0 1,3 48.2 0.43 0.1 1.4 0.45

e A R aE L EE N AR e R B e S EE G EE SN M MR e S ML e SE M mm S mr A R am e Em em SE SR mm R rw mm e omr =S o

FPanicum maximum

Green forage 16,6 10,7 34,3 1,2 41.1 0.45 0.27 6.7 0.57
noom 25.8 9.2 M.7 1.5 43,3 0.44 0.25 5.3 0.58

" " .7 T+5 35.9 1.7 45.5 0.54 0.22 3.6 0.57
Hay 92.5 T.1 36.9 1.7 45.4 0.69 0.26 2.6 0.45
Panicum antidotale 18.2 15.1 33.0 1.4 37.1 0.75 0.24 10.7 0.61
25.3  12.4 35.0 1.7 39.9 0.53 0.23 8.3 0.58

3.3 10,6 16.5 1.9 43.3 0.54 0.22 5.6 0.59

Cenchrus ciliaris  25.2 8.4 34.9 1.5 38,3 0.59 0.18 4.5 0.50
4.3 6.4 41.8 1.7 40.2 0.33 0.17 3.0 0.37

45.7 5.3 43.5 1.5 41.1 0.29 0.17 2.5 0.36

Cenchrug setigerus 25.9 Tal 35.9 1.2 41.5 Q.44 0.20 3.5 0.48
33.7 6.4 36.2 1.2 45.1 0.3%9 0,19 3.0 0.55

Aristida mutabilis 52.1

NATURAL PASTURES
% of dry matter

Natural green pastures

Fresh shoots 17.7  22.8  23.9 2.0 3.3 0,29 0.45 18.2 .77
Young forage:

good quality 24.8 9.7 33.9 2.1 A44.0 0,31 0.24 5.8 0.51

average quality 21,7 T.2 3% 1.5 45.86 0,31 0.24 3.5 0.50
Older forage:

average quality 30.8 6.8 36.7T 1.6 47.3 0.30 0.18 3.2 0.48

Young forage:

poor quality 23.0 4.1 36,9 1.4 46.6 0.42 0.15 2.1 0.43
Older forage:

poor quality 39.6 4.9  40.3 1.6 48.6 0.48 0,10 2.0 0.35

e i o e e e o e e me 4R e mm e e mE e wm i e o Ee R EE o A A TR MR Em M Am o B MR o EE o e e e e
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NATURAL PASTURES (cont'd.)

DESCRIPTICN M. 5. M.P.B. Cell, M.G. ENA Ca P M,P.D. ENERGY
% of dry matter Ruminante Ruminants

Graminaceous hay (natural)

(average quality) 64.0 6.5 37.4 1.8 47.7 0.69 0.09 2.6 0.46
92.0 3.7 42.3 1.0 45.7 0.45 0,05 0.5 0.37
Graminaceous straw 96.4 3.1 44.7 0.7 46.9  0.40 0.10 C.4 0.30
Natural green forage
Graminaceae and
Leguminous plants 25.6 11.5 31.0 2.2 46.9 0,87 0,10 T.5 0.72
FORAGE = LEGUMINOUS PLANTS
Pure strains
% of dry matter
Etvloganthee gracilis
Green forage 21.0 16,5 27.5 2.1 42.6 1.65 0.23  12.4 0.73
" " 30,0 12,6 29.7 2.0 46.8  1l.44 0.21 8.5 0.7
" " 44.0 10.0 30,5 2.1 49.9 1l.22 0,18 5.9 0.72
Hay 92.8 9.9 32.5 1.1 49.6 0.85 0.17 6.1 0.54
Centrosema pubescens
Green forage 2.8 19.6 30.9 2.1 39.3 1,04 0.21 15.5 0,70
" " 29.4 18.8 32.2 - 1.9 4led 1.15 0.18 14.7 0.68
Hay 87.0 17.2 32,6 2.1 42.4 1.88 0.27 12.5 0.54
Phasoelus atropurpureus
23,0 20.9 23.5 2.0  4T.0 1.25 0.28 16.8 0.83
95.0 14.6 28,7 2.3 48.6 1.74 0.30 10.1 0.60
Pueraria javanice 91.5 17.9 29.0. 2.0 42.1 1,20 0.i8 13.2 0.58
Desmodium agperum 25.2 21,1 20,6 2.5 46.3 1,656 0,22 17.0 0.85
7.6 20,2 21.5 2.8 41.9 1.35 0.19 16.1 0.8
Desmodium tortuosum 23.8 24.1 25.0 2,1 38.0 1.64 0,23 - 20.0 0.77

CEREAL GRAIND

Small millet :
{West African) 8%.31 10,04 1.52 4.95 70.91 0.022 0.262 6,22 0.98

Sorghum (West
AfriCan) 89.97 10.42 2.62 3,23 Tl.66 0.026 0.291 5.94 a.92
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CEREAL GRAINS (cont'd.)

DESCRIPTION M.S. M,P,B. Cell. M.G. EN& Ca P M.P,D. ENERGY
% of dry matter Ruminants Ruminants
Maize {dry countries)
(West African) 92.6 10.95 2.15 4.15 7T4.03 0.022 0.339 7.13 1.08
Maize (coastal countries)
(West African) 87.07 8.82 1.83 2.96 71.93 0.032 0,340 6.61 1.05
Finger grass
(West African) 88.0 6.30 B.1 3.B 65.3 0.06 0.26 2.64 0.76
Eleusine {Far
East & Africa) 89.2 6.8 2,9 2.3 743 0,34 0.37 2.85 0.80
Rice (Far East)
Faddy §7.0 6.7 8.8 2.1 64.0 0,08 0.26 5.09 0.87
Cargo rice 86.1 7.9 i.0 2,0 74.0 0.04 0.30 6.00 1.03
Milled rice B6.2 7.4 0.2 0.5 77.7 0,01 0.13 4.88 1.05
Rice (Africa)
Paddy 85.5 7.4 8.4 2,13 64.1 0.05 0.28 5.62 0.87
Cargo rice 89.5 7.6 0.4 1.6 78,9 0.10 0.22 5.7 1,08
Milled rice 88,2 6.6 c.2 0,18 80.7 0,09 0.09 4.35 1.07
Oats (Madage«ear) B86.7 12.40 11.6 4.5 55.5 0,10 0.40 9.30 0.73
Barley 8.4  13.2 3.5 1.9 65,3 0.05 0.40 9,50 0.89
Coix Lacrima Jobi
{whole prain) 86.0 11.0 11.9 2.2 55.6 0.06 0.25 - -
SEEDS OF LEGUMINOUS PLANTS
Angola peas
(Cajanus Cajan) 87.5 19.3 7.4 1.3 55.4 Q.16 0.°B8 - -
Beans (Dolichos
lablab) 89.6 23.9 T.75 2.75 52.2 0.26 0.29 19.59 1.01
Haricot beans
(phaseotus) 89.4 19.8 4.6 1.8 60.1 ©.23 0.33 10,69 0.76
Cow peas {Vigna) 90.4 23.35 3.92 1,8 57.65 0.17 0.42 19.14 1.06
Earth peas (Voandzeia
Sub-terranea) 90.83 17.10 4.9 T.63 58.04 ©0.12 0.29 14.02 1.11
Gum Arabic tree
(Acacia niletica) $2.5 15.4 21.2 2.8 47.5 0©.59 0.22 - -
Carob beans B5.2 12.8 8.9 1.6 58.6 - - 6.5 0.87
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GRATN BY-PRODUCTS

DESCRIPTION M.8. M,P.B. Cell. M.G. ENA Ca P M.P.D. ENERGY
Coarse wheat bran Ruminants Ruminants

(West African) 88.78 11.39 14.64 2.63 54.62 0.131 1.069 8.98 0.74
Fine wheat bran ) ‘

(West African) 87.97 15.33 B.96 3.45 55.43 0.11 1,02 11.34 0.74
Milled wheat bran

(West African) 87.14 15.66 B.06 3.59 55.28 0.100 0.924 12.79 0,88
Small maize bran -

Traditional milling

Rhodesia 92,0 12.1 7.5 10.7 57.0 0.05 0.58 7.86 0.80
Sorghum bran -

Traditional milling

Niger 90.2  13.3 4.3 B4 6l.2  0.05 0.46 1C.4 0.87
Sorghum bran -

Industrial milling 88.2 15.4 9.3 4.7 55.7 - - 12.01 0.78
Maize bran - ’

Traditional milling

Africa 86.00 10.75 5.9 8.5 56,1 0.06 0.72 6.23 .92
Maize bran -

Industrial milling

Dakar 6.6 10,9 12,0 T.2 53,5  0.03 0.51 6.30 0.92
Rice bran - Africa

and Madagascar 88.65 6.40 20.55 4.15 46.75 0.09 0.41 3.16 0.42
Rice bran flour 89.59 11.01 6,22 12.69 52.51 0.048 1.269 T7.18 1.02

STRAW, HUSKS AND HULL

Rice straw 92.5 3.9 33.5 1l.4 39.6 0,19 0.07 0.35 0.29
Rioce husks 92.0 3.0 40.7 0.8 28.4 0.08 0.08 c.12 0.29
Cocoa pods 92.1 15.3 17.9 4.8 46.7 0.20 0.15 4.13 0.46
Vigna Sinensies hull

Madagascar 39.3 7.9 40,1 0.8 37.1 0.44 - 5.60 0.85
Whole maize head

{grzin + cob) 93.96  T.49 12,44 2.8 63.31 0.015 0.221 5.45 0.8
Maize coba

(West African) 88.3 1.6 40.1 0.2 44.2 0,01 0,03 0 0.40

HAULM AND LEAVES

Bean lerves

{Dclichos Lablab) 93.9 18.3 16.0 3.2 40,7 1.2 0.15 14.27 0.56
Ground-nut haulm -

Maradi & Madagascar 92.1 11.8 21.2 1.7 45.7 1.19 0.13 6.37 0.40
Dried baobab leaves

{West African) 91.0 9.2 1.4 1.8 58.4 1.08 0.40 5.76 .41
Angola pea leaves 85.3 16.4 25.5 2.3 3.0 - - 12.79 0.37
Sahel acacia leaves 60,8 19.43 13,01 4.98 55,90 3.05 1.90 10.10 0.46
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HAUL AND LEAVES (cont'd.)

DESCRIPTICN M.5. M.P.B. Gell M, G, ENA Ca P M.F.D. ENFRGY
Ruminante Ruminants

Leaves of Balanites

Egyptiaca 91.10 23.20 16,60 2.40 37,30 1,53 0.12 13.45 0.51
Sweet potate (haulm) 18.1 1.31 5.9 0.3 9.1 0.01 0.03 0.135 0.10
Banana leaves -

Madagascar and

Tanganyika 16,2 2.3 4.5 0.73  8.33 0.17 0.03 1.26 0.14
Haulm of HNiebe .

Vignas sinensis 89.0 12.5 31.0 2.5 36.0 0.57 0.26 T.62 0.61
Leucaena glauca 25.0 4.9 5.0 0.6 12.8 0.7 0.03 3.18 0.15

ROCTS AND TUEERS

PFresh cassava 34.25 1l.24 0C.74 0,25 31.07 0.044 0.043 Q 0.34
Dried cassava 88,06 2.10 2,70 Q.67 B80.35 0.099 0,088 0 0.96
Fresh potatoes 27.93 1.06 1,13 0,26 24.33 0,025 0.070 0.685 .22
Dried potatoes -

Africa & Madagascar 86.73 2.80 3.6 0.66 75.30 0.20 0,18 0.39 0.90
Yams

Fresh yam 36.85 2.00 1.0 0,10 32,54 0G.116 0.052 0 .39
Dried yam 89.65 8.85 2.70 0.25 73.95 0.19 0,120 5.04 C.59
Dried taro

{Colocasia

Esculenta) 83.5 6.80 2,40 0,30 7l.15 0,018 0.20 0.95 0.84

MISCELLANEQUS FRUITS AND CRAINS

Whole banana 24.10 1.25 0.95 0,28 22,00 0,015 0,023 0.68 0.26
Banana pulp 24.12 1,00 0.47 0,09 22.00 0.024 0,020 0.55 C.25
Cottonseed (Africa) 92.8 19.8 24,1 19.5 25.1 ©,17 0,57 12.47 1,03
Green Mangoes (pulp) 14.5 0.3 0.6 0.8 1.0 0©.02 0,01 0.16 0.18
Breadfruit

{Artocarpus

communie) 30.0 1.3 1.8 0.4 25.5 0,02 0.04 0 0.31

NOTE: PFar graminaceous and leguminous forages, the composition is given in percentage
of dry matter; the energy value im that contained in one kilogramme of dry
matter.

For the other products, the data relate to the basic product as it can be eaten.
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IX
PRODUCTION OF MANURE., LITTER

Apart from & few rare exceptions when the animals used for cultivation in the wet
geason are sent away with the herds in the dry season, draught oxen are tending more and
more to remain settled in the same area. On days when they are not working they are put
out to graze in the morning by & cowherd and brought back to the village in the evening
where they spend the night in an enclosure made of thorns or, more rarely, in rudimentary
deep litter cattle-—sheds,

As soon as the animals remain asettled, manure can be collected, At present, only
the progressive farmers make and use manure,

Ses the "housing" chapter for descriptions of the manure-shelter and the deep litter
shed,

As regards litter, millet straw is often used; it decomposes properly, The production
of manure can be increased by making semi-artificial manure, although this involves extra
work. The litter is then removed regularly and pui on successive layers of straw which
are then watered,

Juat before the rainy season, the manure is put out in the fields in piles and then
spread before ploughing; mineral fertiliser is usually spread just after ploughing.

The quality of the manure varies with the species of animal producing it. Bovine
droppings have 8 higher fertilising power than those of horses or donkeys and, for equal
weight, produce a greater quantity of manure.

Horae and donkey manure is, however, very good for market-gardening,

Draught animals provide the opportunity for the production of manure,
The quantity of manure produced by an ox stabled at night may amount to 3.2 tons a yean

Trials with permanent atabling have enabled 10 tons to be produced.

A 300 kg. horse gives about 300 kg of manure a month., A donksy 100 kg.
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HARNESSING METHODS ACCORDING TO SPECIES AND BREED
4) CHOICE OF HARWESS TYPE ACCORDING SPECIES AND BREED

Horses are harnessed by breast-strap, saddle and back-strap .(Semegal), Dorkeye have
either & breast-strap with saddle and backestrap (Senegal) or a collar fBSATm). The
latter must be properly adjusied,

With oxen, the animals are usually harnessed in pairs, The single yoke ig rarely
seen,

Zebus, with their narrow, long poorly muscled shoulders and long, thin and heavy
heads {often with excessive horns), pull better with the shoulder than with the head:
hence the use of +he ghoulder yoke {except in Senegal).

Taurines, particularly N'Damas, with powerful short shoulders, thick necks and wide
heade with short forward-turning borns, can pull with the head., The neck-yoke or fore-
head yoke may be used,

B) TYPES OF HARNESS

The reader should refer to the diagrame which explain the brief descriptions given
below,

1) Horses
The horse is generally used individually with & fairly rudimentary harness, This
includes:

~ & collar, usually wooden, in one piece or
in two parts, bound together with or without
padding and, more often than not, replaced
by a leather breast-strap;

= a paddle, often made of wood and sheet
metal with jute sack pedding, set behind
the withers;

In most cases, there is neither back-sirap
nor breeching-strap except when pulling a
cart,

2) Donkeys
The normal barness consists of neck-strap, seddle and back-strap (Senegal) — Fig. 1l.
The SATEC in Upper Volias recommends harmessing by collar (fig, 12),.

This consists of cloth and horsehsir padding on pieces of baobab wood and the traces
are made of sisal rope,

A stironger type is used in Dahomey (the first type easily gets out of shape)
(Pig. 13 and 14).

In Biger a eimple breast-strapwith shoulder—strap is used which is much more
comfortable and is simpler (Fig, 1%5).
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Metal
sirengthening
plate

Fig. 12 - S.A.T.E.C. COLLAR Fig. 13 - SEKOU TYPE Fig. 14 - DOSSAZOUME TYPE
Upper Volta Dahomey Dahomey (S.A.T.E.C.)
Fig. 11 Fig. 15 - Donkey breast—
strap

Back—strap Saddle

Breeching-strap Girth

Breast~strap
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HEAD YOKE

Method of atiaching straps

lto05
5 to 10
10 to 13
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3) Oxen

a) TEE DOUBLE WECK-YOKE

This is a single piece of wood hollowed out over the neck and grooved on the upper
surface over the hollows and the base of the horns to take the attachment straps., Hooks
are fitted to take these straps,

It is attached to the head and the horms by means of straps made of leather thongs
2,5 to 3 cm wide, or of cords laced 3 times round each horn and crossing between them,
Yo padding between wood and head, Care must be taken to ensure that the hollows fit the
neck perfectly (Fig. 16).

ADVANTAGES -  This yoke permite: - good control over the animal
= the animal to be directed better from
behind by means of reins attached to its
horns or ears or to a nose rope (Madagascar)
- gudden efforts and easy movement backwards,

DISADVANTAGES -~ It prevents swinging the head (impossibility
of shaking off flies)
= the sheulders are subjected to lateral
pressures which hinders movement
— when turning, it causes crabwise walking

= it needs careful fitting to the neck,
possibly by using jute pads (sores on
the neck are fregquent )

= it is difficult to attach :

- i% requires animals of the same size

_MATN TYPES
BAMBEY (Senegal), This type has been imitated in Ivory Coast and Togo (Fig. 17-18),

Padding is provided between the yoke and the neck and between the forehead stiraps. The
straps are made of thongs or 8 mm rope,

Characteristics
LENGTH WEICHT
N*Dama ‘1.06 t0 .10 m 1.5 to 4 kg
Zebus 1.20 to 1.40
1,35 m

BOMAKE (Ivery Coast), There is an opening for a shaft (Fig, 19).
BOUAKE-MINANKRO (Ivory Coast), This is a simplified form of the Bambey (Fig. 20}
T0G0., Thie is a very simple type with the hollowed curve often too wide (Fig, 21).

UPPER VOLTA, This is the type used in the Farako~Ba region (Figs. 22-23).




Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

17 - SENZSAL
(Bamtey)

18 = SENEGAL
(Boulell

19 - IVCRY COAST
(Bouaké }

20 - TIVORY COAST

{Bouvaké, Minankro)

1 - TOGO
{Dapanga)

22 - TUPPER VOLTA

2] - UPPFER VOLTA

{Faraxo!
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Fig. 24 - Forehead yoke

'y
Fig. 26 - Harness with forehead LGN Vo

yoke (Zaire)

_Fig. 26 - Neck Yoke

Fig. 21 - Central.African
Republic

Fig. 28 - Upper Volia
(Saria)
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b) THE SINGLE NECK-YOKE

Rarely used in Africa, it has been successfully tried in ZaTre (Figs, 24-25-26),
c} THE IOUBLE SHOULDER-YOKE

Thies is made of a piece of wood of varying shapea - roughly rounded in contact with
the neck and hellowed out on its rear lower side, to ensure a good fit over the shoulders,
It varies ir length according to whether it is a ploughing ycke, a harrowing yoke or
2-notched yoke for ploughing and harrowing {Niger, SATEC Madsgascar),

There is a wide variety of attachment systems:

- Loop of rope, iron bar bent into a U
or a double cross and attached to the lower part

- wooden frame (C,A4.R,) {PFig. 27)

) For traction, the chain is attached directly or via an iron hook through the wooden
part; or agein, to a ring attached to the wood, The shaft passes either inside a ring
attached to the wood or, more rarely, inside the wooden part itself,

ADVANTAGES of the shoulder yokes

« It is gimple in shape and easy to make

= it quickly adjusts tc the animal

- it leaven the animal's movements free

«~ traction is applied at shoulder height: hence more
cirect use of the strength of the back

- it is light and does not need a pair of oxen of
exactly the same size

= it can be fitted to hormless oxen

DISADVANTAGES

= it compresses the irachca and thellcod vessels
where they enter the chest
- shoulder sores are freguent, particularly at
the shovlder blades, if the attachment is by
means of iron rods
- the applied tractive force is diagonally
upwards, hence a itendency for the yoke to slip back
- driving is more difficult

DESCRIPTION OF VARIOUS TYPES

UPPER VOLTA (Saria Station) (Fig. 28), Consists of a wooden piece 1.35 m long with
iron rod attachments,

The traction chain passes through iwo holes made in the yoke,

In addition, spacere are used between the oxen's nostrils,’




Fig. 2¢ - NIGER

Fig. 30 - NIGER
{CaFWJohe Maradi)

Fig. 31 - wMaLI
{C.R.2, Sotuba)
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Fig. 32 - MALI

Fig. 23

2 A
|72

Fig. 35 - Shoulder yoke Fig. 36 - Shoulder ycke
{Niger) [C.F.J.A. Wiger]

Fig. 3 - Shoulder yoke
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NIGER. A rudimentary yoke is attached by ropes of 2 lengths (2 m to 2.10 m) for hoeing,
with shoulder to shouldsr spacing: 80 cm,

The variable-spacing Maradi yoke is attached by U-shaped iron rods for which various
positions are provided (Fig. 29-30).

The shaft attachment varies: hocks or hole in the yoke,

MALI.) A more complex type of yoke with a mpecial method of atiaching the shaft (fig.
31-32),

THE SPECIAL VARTABLE SPACTNG YOKRE {CFDT Ycke) is worthy of note. It is mads of two

pieces of wood sliding over each other. In the 5&gou region, a heavy and fairly complice
ated yoke is used (Fig, 33).

d) THE SINGLE SHOULDER YOKE -

Trials have been carried out, particularly in Niger (Figm, 35-36-37).
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Here is a list, which is not exhaustive, of the kinds of iress or shrubs currently
used in Africe for making yokes:

Cordyla africana ("Dimbou" in Senegal)

Pierccarpus erinaceus

Tamarindus indica (Tamarind tree)

Balenites aegyptiaca

Mitragyna cilista or inermis ('Dicu” in Mali)

Khays senegalensis (Basterd mahogany)

Tectoma grandis (Teak in Ivory Coast)

Hyphaene thebaica (Doum in Niger)

Butyrospermun parkii (Karit& in Senegal, "SE" in Mali)

Parkia biglobosa (Were in Upper Volta, Nette in Dahomey)

"Gahoug" and "Deng" (Togo)

FOTE: Figure 38 gives examples of dimensions of yokes in Niger,
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PART TWO
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I

ANIMAL DRAUGHT AGRICULTURAL IMFLFMENTS

GENERAL BEMARKS

Part one of this handbook has been devoted mainly to the animals called upon very
occasionally to carry loads or more often to pull agricultural implements,

These agricultural implemente ~ which may be either field equipment or on the farm
crop handling and processing equipment - will be described at length and commented on in
the succeeding pages. Before starting on the subject in detail, however, it seems worth-
while collecting together some general ideas in order better to understand the wide
variety of difficulties encountered when supplying individual peasent ferms with eguipment
in the tropical regions of Africa and in Madagascar, '

Strangely encugh, although we are dealing with animal draught agricultural implements
it must be said that the agriculture of the countries concerned is distinguished by the
fact that it mainly makes use of human energy.

It must, indeed, be borne in mind that most of the farmers possess absolutely nothing
but hand tools and that the draught animal, although no longer the exception, is still
not common and is reserved for certain specific operations.

Nevertheless, despite this gap, which we would like to see filled, agricultural

machinea are slowly penetrating into the bush. There are economic and technical reasons
for this slowness,

4) ECONOMIC DIFFICULTIES

It ie well known how under-equipped the countries concerned are, in the industrial
#3 well as in the rural field, 4s regards the latter, with a few gxceptions, there is
no existing infrastructure, such as a sales/repair network for agriculiural machinery,
Fow, when the vast size of such a gystem in BEurope is considered, together with the
essential part it plays in rural life, it can well be understood why it is difficult
to distribute and maintain even simple equipment in Africa and Madagascar,

In the same context, the economic climate is hardly favourable to the mechanization
of agriculture, There is little or no encouragement towards increased production and
modernigation of farming enterprises (furthermore it is doubtful whether the expression
*farm enterprise" can properly be applied to the groups of family huts and the shifting
cultivation methods mainly carried on with the elementary purpose of feeding the family,
problems of income and trading being of relatively secondary importance),

In some cases the State has intervened, for example by setting up.state markeling
organizations — this is the case with cotton and sometimes with ground-nuts — the improved
economic conditions then quickly reeult in an increase in production and therefore in the
farmer's income, Only then can the vicious circle of economic underdevelopment be
broken: output remains restricted while there is a lack of production inputs, and
conversely there is a lack of production inputs because output is so small,




B) TEGCHNICAL DIFFICULTIES

Whereas in Burope the farmer is now an experienced technician who has to be able
to deal with problems which daily become more complex, the African farmer has remained
technically at the hand tool stage.

Generally speaking, he does not know that anything else exists or, if he knows that
certain more technical means are used, his distrust of ihem is explained by a lack of
accurate knowledge, This is where the need for technical training of the farmer shows
up, in order %o overcome the many obstacles opposing, Tfor exzmple, his giving up his
hand hoe for a plough.

Technical training at the suitable level for the farmer must enable him:

~ to know what implements appropriate to his use are available,
- to know the capabiliti 's and limitations of these implements,

~ to use and maintzin them properly.

It must, however, be recognized that, in addition te this lack of tecimical knowledge
on the part of the farmer, there are many other difficulties arising from the implements
themselves which are not always technically sulted to the local agricultural conditions,
They must be suiteds: ‘

- To the soil, i,e. suited agronomiqally, without causing violent and
harmful changes or upsetting the often precarious ecological balance;

- to the drawght animals: too heavy a machine or one demanding too much
effort will be unusable;

- to the users themselves, a delicate implement, difficul$ to adjust and maintain
cannot be widely distributed among the farming masses., This does not mean that
this same implement may not have a place in the hands of a limited, but technically
more advanced, €lite.

To sum up, agricultural implements must, according to the criteria outlined above,be:

light, to be suited to the capabilities of the draught animals,

simple, to correspond to the technical level of the farmer,

robust, in ordér:— to0 withstand accidental stresses caused by the ground,
the men or the animals;

to be usable, even in the absence of any after-sales
service organization;

- finally, of low cost, to correspond to the limited means of the users,
Naturally, these caracteristics are only partially compatible and it is very rare

that a particular implement will have all of them to the same degree, which comes to the
same as saying that an implement is practically never ideal.
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»
» *
* .
The mechanisation of agriculture by means of draught animals cannot be complete
and uniform. $Some operations must be given priority for mechani zation athers, on the

conirary, can wait far the farmer to reach a higher state of technical skill or of
purchasing power,

The following order of priorities to be respected in mechanization, based on
technical and economic criteria, is mainly taken from R, Tourte's work,

1. Rainfed cultivation

FRIOR COMDITIONS -~ Clearance — Removal of tree stumps:

Thiz operation is an essentisl preliminary to any rational mechanisation, even
animal draught, Unfortunately, it can onl;” be mentioned here as a reminder, cince no
animal draught implement for the purpose can be honestly recommended. The solution
must lie in clearance by hand (the mosi fregquent), by machine or by chemical methods,

Priority No, 1.

— Preparation of the woil at the beginning of the rainy season,

The performance of this operation is the target of coninuous effort on the parti of the
extension workers. Its advisability is not always apparent to the inexperienced farmer
and, furthermcre, the time generally available for this work is short, about a month.
The mouldboard plough is practically the only implement to be recommended,

- Preparation of the scil (in the dry season)

When the time available for ploughing at the beginning of the ra’‘ny season is too short,
it is necessary to recommend a method of preparation of the soil which can be applied
earlier in the calendar, In this cese, however, the effort needed is such that ploughing
is usuwally impossible, which means that other methods must be used which may be pseudo-
ploughing or superficial methods using implements other than ploughs, gome of which are
also used for secondary tillage operations, These methods are often the only ones
possible but their apgronomic value is sometimes questioned,

- Sowing

In the Sahelian-Sudanian area, where the agricultural season is short and where - in
consequence - sowing must be dope as early as possible, the mechanical planter is cons-
idered an implement of great economic impeortance,

The planters at present available are of the single grain and often single row
type; they are satisfactory for ground-nuts, maize and some secondary plants (such as
haricot beans) and suitable for millet and sorghum, Generally speaking, therefore,
they are ~deguate for the cultivation work carried on in the area in question.
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In the Sudan area; cotton iz grown in 2ddition to the crops already mentioned;
however, the planters available generally sow cotton badly unless the cotton seeds have
been previously delinted, This disadvantage is, however, to come extent limited by the
fact that the longer rainy season allows some staggering of the sowing so that the crops
can be sown by hand without undue problem, In this area, therefore, the planter is of
less importance,

In the Guinean area, or in the forest areas, the valuve »f the planter becomes still
less, on the one hand because the crops grown do not lend themselves to its use and, on
the other, because rather more time is available for preparing the ground and sowing,

- Weeding

This is undoubtedly the operation which grains most from mechanization, since it
involves a veritable race against the weeds, a race which is often lost by the farmer
with hand tocls only.

For broadcast sown crops, the use of animal draught implements which pass over the
crop at the beginning of the groving cycle may be recommended, such as flexible weeders,
spike-tooth harrows and rotary hoes,

Fer row crop cultivation, other implements may be used at a2 later stage, such as
hoes and inter-row cultivatars,

~ Harvesting
Mechanization of harvesting is at present only possible in the case of ground-nuts.

The mechanization of harvesting, or rather lifting, is very beneficial, both
because it leaves very little behind in the ground and because it allows the crop to
be harvested at optimum maturity,

The available lifters are satisfactory, provided that sufficient tractive power is
available,

- Transport

Transport accounts for a high proportion of farming activities, This is why the
cart, drawn by a dorkey, one or two gxen or more rarely by a horse, plays an important
role everywhere in the development of animal traction, Sometimes, the cart must even
have absolute priority over other implements, when it is desired to demonstirate the ec
onomic aspect of its use, Indeed, it sometimes happens that the owrers of carts enjoy
relatively high incomes as & result of the jobbing work they do for other farmers without
means of transport,

PRIORITY No, 2

- Harvesting of feorage

There is no implement available at present for harvesting forage that is appropriate
to the economic and technical levels of its possible users, It is the more regrettable

since the extension of animal traction is everywhere hindered by the problems of feeding
the livestock.
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PRIORITY Ho. 3
- PFertiliser spreading

Mechanization of this operation is not justified by the area involved which is
8till relatively small, Accurate placement of fertilizer can be important and is
worth having, This is why planters with fertilizer attachments are of interest if
they place the fertiliszer accurately, if they are neither too heavy nor too costly
and to the extent to which planters are already used,

- Crop Protection

With certain commercial crops such as coiton, this is an operation of very great
importance, although less so with food crops. In &ll cases, however, there are very
few suitable draught implements and these would in fact only be desirable when justified

by intensification of farming in the case of closely grouped cultivated areas of
sufficient size to amortize the equipment.

2, Irrigated farming

It is only in the case of rice that the problem differs from the prev1ous one and
the desirable order of priority for mechanization may then be:

FRIORITY No. 1
- Levelling, building permanent bunds

This is not strictly agricultural work but is rather la.d improvement work for
which animal draught equipmeni may be used, such as: levellers, diggers, ridgers,etc.

- Ploughing or puddling
If the ploughing is done "dry", the implements are the same as the conventional
European or Asiatic ploughs used for dry cultivation and discussed elsewhere in this

manual ,

If the preparation of the rice~field takes place or continues after flooding, more
specific implements must be used, for example puddling rollers,

PRICRITY Yo, 2

- Sowing

There are practically no multi-row seeders which can be geherally uéed, since
those available are much too costly., As regard: single~row seeders, they can be used
provided that amortization is possible by using them for other crops.

= Transplanting

Chinese types, more or less prototypes, are said to be under continuous trial but
it secms unlikely that their use can be quickly extended,

Some hand types are at present on trial in Madagascar apd Mali,
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-~ Ciop maintenance

Animal drauvght rotary hoes do exist but so far their use has been very restricted,

~ Harvesting

It seems that nothing in this field is likely to be available for a long time; the
European type harvesiers, reapers, binders or swathers, cannot be used because they are
too heavy, too costly and ili-suited to rice,

Before itemising the various categories &f implements whose use may be advised for:

— goll preparation: dry or under water,
- sowing,

- weeding and crop protection,

- harvesting,

.= miscellaneous transport

we shall, in broad outline, discuse the complex question of soil preparation work with
or without seil inversion.
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II

SOLL PREPARATION IN RAINFED FARMING

with and without soil inversion
FROSION, MAINTENANCE OF FERTILITY

PLOUGHING~IN OF ORGANIC MATTER

In addition to using draught animals as a source of energy for raising water or
for carrying out certain work connected with the processing of products, which will
be the subject of a special chapter, the main purpose of animal draught is to carry out
the work involved in soil preparation, sowing,weeding,crop protection and harvesting
a8 well as transport., In the tropical regions of Africa, animal draught cultivation
is of interest, mainly to the Sahelian~Sudanian region, to a lesser degree to the
Guinean region and hardly at all to the forest asrea, This means that, in most cases,
the cultivation season is limited by the duration of the single rainy seaaon. Ploughing
during the dry season is not possible, because the ploughs could have difficulty in
penetrating the seil, In low rainfall areas, where the annual rainfall is less than
800 mm., soil preparation which may take up a lot of time may not be feasible at the
beginming of the rainy season. For example, ploughing immediately before sowing if it
takes up much time could be harmful to the normal progress of the growing cycle of the
crops, Thie is a particular problem in the ground-nut growing area of Senegal,

The question therefore arises: how 1s the soil to be prepared when there is
ivsufficient time available for ploughing?

BEven when plowghing is possible, it is not always advisable I it increases the
rigks of damage to the soil as a result of erosion by wind or water, This latter risk
is a big one in many countries when ploughing is done too early at the end of the rainy
seagson, l.e. at a time when the ground is still sufficienftly moist tobe worked easily,
Being exposed to several heavy rains at the end of the rainy season, the soil may be
seriously eroded if fresh growth does not quickly protect it, Furthermcre, it must
also be protected agidinst wind erosion during the ensuing long dry season,

Arother question then arises: is ploughing mlways desirable and, if not, what
system can be used in preference?

Finally, it may happen that there is sufficient time available for the initial
reparation of the soil; that ploughing is agronomically desirable and, nevertheless,
that it carmot be carried out for lack of adeguate power, This is the case in certain
region: where there are no trained draught oxen and where the tractive power furnished
by donkeys does not a2llow normal ploughing, We are thus faced with the first question

again: what method can then be used in place of ploughing?

It is hardly poszible to give precise and definite answers to these gquestions,
since sach region has its own peculiar characteristics (from the points of view of
so0il, cultivation, climate and draught amimals)., However, from past and present irials
in many countries, it would appear that >leughire is very often essential for obtaining
proper yields and, in consequence, as far as Tussible; the obstacles to ploughing have
to be overcome, Thus, erosion czn be prevented, or at least reduced to an acceptable
level, when the ploughing is done at the begiirning of the rainy sesson, or better still,
when the cultivated area lies wi‘thin a larger &zrea where erosion contrel measures, such
as contour ploughing are in ferce, which is, urfortunately, very rar:ly the case.




When the main difficulty with bloughing is the resistance of the ground to the
‘forward movement of the plough, the solution must be esought in two ways,

On the one hand, the strength of the draught animals may be increased by, for
example, changing over from one donkey to two donkeys, from two oxen to four oxen(which
may be possible, under certain conditioms, in Africa, as is the case in certain regions
of Madagmscar),

On the other hand, the depth of ploughing may be rsduced,

If, generally speaking, ploughing is desirable frouw the agronomic point of view,
this is probably mainly for three reasons: loosening the soil, ploughing in of organie
matter and the weed control,

Seed bed preparation achieved by ploughing, even to a very limited depth (less
than 10 cm) is generally better than that achieved by hand working of the soil on flat
ground (ridge cultivation ie very different) using hoe type implements. It is also
better than the loosening resulting from the use of animal draught implements with
peints or tines which do not turn the soil over., This results in better penetration
of the first ratns, which are often irregular in frequency and intensity, and in the
more certain germihation of the seed sown, Moreover, deep working of the soil helps
the development of the plant,

Floughing in of organic matter, whether it be farmyard manure or compost {in all
their forms) or green manures or - more generally - grass growing naturally at the time
the seil is being prepared, can really only be done by ploughing, and this is very
important, Unfortunately, in the general run of cases, the ploughing in of prepared
organic matter is still only at the trial stage in most of the regions with which we
are concerned, The same applies to ploughing in of green manures.

In Senegal, where very little ploughing is done, it is used mairly for ploughing
in of green mapures, Indeed, the crop rotation recommended by the Agronomic Research
Centre includes either & field sown with millet or sorghum (as green mznure Hr ploughing
in before ripening at the end of the rainy season), or else fallow, either mown or not,
ploughed in under the same conditions, It is only in some agriculiural sectors with
experienced leadership that certain farmers seem to have understcod the need for plough-~
ing in of green manures and have been putting it into practice relatively regularly
for several seasons,

The weed control ensured by ploughing at the beginning of the cycle is probably an
advantage which is relatively little understood but which, however, is a major one when
compared with non~inversion soil preparation methods, Indeed, normal. ploug ing leaves
the s0il relatively clean on the surface and, if sowing follows gquickly, as is frequent-
ly the case, the cultivated plant has an initial advantage over the weeds. A very
important consequence: there will be a relatively long time between the sowing and
the optimum date for the firet weeding, an important operation for the future of the
crop in African cultivetion, If, on the contirary, in the abserce of ploughing, the
s0il hes been prepared superficiaslly, the first weeds are not properly throttled and
the farmer is overwhelmed by the growth of grass; the first weeding then involves
considerable work in relation to the manpower availahle on tlre farm, bearing in mind
the extension method of cultivation usually adopted and the consequence on yields can
be disastrous.




81

In short, it really seems that ploughing, as & method of starting cultivation
operations, is desirable everywhere, except in arid regions and sandy soils lacking in
body, where it is still, however, useful but must be done only at the end of the rainy
seascen to plough in green manure.

It ia only in these latter regions, therefore, that non-inversion working of the
s0il is to be recommended at the beginning of the agricultural cycle; this applies
particularly when the ground is covered with very limited or practically no vegetagion,
The implements to be used should be those designed for non~inversion ploughing operations
(with tines or dises),

In practice, because of the low pewer provided by the dravght anirals available,
it is mainly the use of mechanical crop veeding implements which must De considered,
Indeed, it is mainly “hoes" that are beginning to be used in these regions, Their
working parts, which are inter—changeable and of various shepes, are similar {o those
of the non-inversion ploughing implements (cultivators and others) including the "sueeps"
of medium dimensions hitherto reserved for ground-nut lifting,

As regerds disc implements, their partisl digging in capability should be taken into
consideration but their use in animal draught cultivation is very difficult,for various
reasons to which we shall return, and examples of use are very rare.

The work which can be carried out with hoes, or with multi-purpose frames similarly
equipped, encounter many difficulties which also militate in favour of ploughing whenever
possible,

In Senegal, more widespread preparation of the soil "dry", i,e, before the rainy
season, would be desirable, in order to make the soil better able to accept and, pertic-
wlarly, to retain the first rains, This would have a beneficial effect on the initial
growth of the crops that are grown and, in conseguence, on yislds. Fairly deep working
should be carried out in order to penetrate the crust which feorws at the end of the
rainy season, To replace ploughing, which is not very suitable and ip difficult with
a8 pair of oxen, the Bambey CRA has had to use a rigid tine which can be drawm by a pair
of oxen, and ie capable of breaking up the seil into clods wituout inverting it. This
tine appears to have the advantage of loosening the soil withow¢ exposing it to erosion
and of making it suitable for absorbing the first rains,

The value of this tillage, which is unquestionable from the agronomic point of view,
is however much reduced by the difficulty in implementing it, since the effort needed
to pull a single tine at sufficient depth, even in light soil, is at the extreme limit
of the draught capability of a single pair of oxen.

Preparation of the soil without turning over by means of animal draught therefore
comes up cgeinst three obstacles, The very superficial "scratching" resulting from tines
of various shapes, such as those of the scarifier, is very difficult to achieve and is
of little agronomic advantage. It can, therefore, be dropped without any very serious
harm to yields. Or else the desirable sub-scil work camnot, in practice, be carried
out with the means available to the average farmer with his pair of oxen. Or finzlly,
dise implements ¢2n only be used in exceptional cases,
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IMPLEMENTS FOUR WORKING THE SOIL WHEN DRY

A) CENFRAL REMAFKS

Of all the equipment designed for working the soil "dry" before sowing, the plough
is, as we have seen, the essential implement, not only because of the work it does, but
also because certain other implements can only be used after ploughing; such is the case
with surface working implements (harrows and rollers) and with other secondary tillage
implements,

It is also, and by far, the most complicated implement to use for working the soil.
Operators therefore must be fully conversant with it in order tc make best use of it,
They have to know how to adjust it arnd maintain it properly. Furthermore, there is not
just one plough; there are many iypes which differ more or less from each other and
sometimes considerably, as regards their design, their adjustments, their weight and
the materials used in their construction. Even limiting ocurselves to the implcments
most commanly used, the choice is hvze and the list and description of them will nec—
essarily be long.

The Ridgers, which should really be included under the term ridging ploughs,
canstitute a category of implements it is difficult to clasgsify., 1If they are used
directly to prepare ridges, as is the case in the North of Nigeria, they must be likened

to a plough and even a heavy plough; if, on the conirary, they are used during the growing

season, they will “e classified among the weed control implements {even though the same
implement may be concerned}. Similarly, the plough may be used during cultivation to
build up and raise the ridges or even they may possibly meke the ridges in the first
place which helps the weeds to be buried,

With the secondary tillage implements, often with teeth (or tines) and rarely with
discs, it will be a question of a fairly wide variety of implements, the only common
characteristic of which is that, unlike the ploughs,they do not turn over the soil,Just
as much care must be taken in the study of the traditiomal plough or "arda" as of the
cultivators, weeders, scarifiers, disc-harrows and stubble-ploughs,

The surface-working implements consist of various $ypes of harrows and rollers, The
latter may be packers (smooth or grooved) or clod-crushers (frames) simple or complex
(culti-packers). It is ccuvenient to classify the "rotary hoes" separately since these,
degpite thei: name, com: 1n a category lying between harrows and rollers, -Although all
these instruments are availesble, they are still very rarely used since their value is
sometimes open t¢ question in tropical regions because agriculiure has not advanced
much and, prcbably, because of their high cost,

Finally, there is a particular category of implements, designed specially for use
in the tropics wiich has only recently aoppeared and which may be classified under the
general term of "multi-purpose frames! or as polycultiva%ers. For technical or - some-
times - economic reasons, they have, over the past few years, achieved some popularity
with extension workers and advisory bodies and with farmers, provided that the latter
have been able to acguire sufficient technical knowledge to enzble them to¢ carry ouf
the necessary relatively complex assembly and adjustment operations,
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B} PLOUGHS

Here we shall maimly discuss ploughs of the "conventional* type, i.e, the European
type with separate share and mould-board, throwing the earth to one side ard turning it
over., These are, in fact, practically the only types now used in animal draught cultiv—
ation *, It would only unnecessarily complicate an already far from simple subject to
mention here the many types of #raditional ards made locally since, normally, their
replacement by manufactured implements is always desirable, The modern Chinese or
Japanese types of plough will, however, also De mentioned and described since, although
they are fairly similar to the ard, they do more or less turn the soil over and appear
to require less tractive effort. They are listed among the ploug.s f the "open-up
and turr—over" ityve,

Before, however, starting on the description of a tvnical plough and then menticning
examples of the other main types available, we should £ 1 discuss the purpose of
ploughing,

1) Ploughing
a) PURPOSE OF PLOUGHING

Floughing is a method of cultivation whose main purpose is to loosen the surface
layer of the soil in which seed will be sown or seedlings will be planted out later.

This loosening is achieved by turning over the furrow slice, thus exposing a certain
quantity of soil to atmospheric action (by air, rain and solar radiation), The soil is
thus made ready to store the water of the first rains so that it can be available later
to ¥he growirg plari, so that the necessary oxygen can be supplied, etc,

* It should be remembered that the true ard is considered a secondary tillage type
implement,
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Floughing it also carried out for the following reasons:

- ploughing in of grass, vegetable waste, fertilizer and soil improvers
{mineral and organic farmyard manure, green manure )

- uprooting certain weeds (couch-grass, imperata, red rice) whose roota
or rhizomes are destroyed on the surface by drying out.

b) CHARACTERISTICS OF PLOUGHING

PFloughing consists of turning over of a continucus furrow aslice cut by two working
parts, The widih and depth of this slice are chosen by the ploughman to =uit the type

of crop grown, the limensions of the plough and the strength of the draught animals {fig.
19).

The width depends on the width of the ploughshare., With donkey draught, this width
is about 15 cm; with heavy oxen it may be as much as 30 cm,

The depth also depends on the plough's characteristics but may also be adjusted by
the ploughman., With donkey draught it rarely exceeds 10 cm, In exceptional cases with
oxen, it may be as much as 25 cm,

Generally speaking ploughing is classified as followss:

- light if less than 15 cm deep
- medium up to 25 cm

- deepup 1o 35 om

- very deep up to 1 m,

With animal draught, however, oniy the firat two can usually be achieved.

Let us recall the meanings of certain terms which we shall use later on to describe
plough settings (fig 40):

— the area not yet worked is the unploughed land

- the area already worked is the ploughed land

- the vertical edge separating the fallow land from the
ploughed land is the furrow wall cut by the coulter

- the horizontal surface between the ploughed and unploughed
land is the bottom of the trench or the furrow cut by the share

— the first furrow made by the plough is the lead furrow

- the last furrow, the fimishing furrow.

There are three main types of ploughing which are used depending on the plough
available, the nature of the soil or the intended crop. In conventional ploughing the
plough always turns the earth fo the same side {left or right) relative to its direction
of movement, The direction in which the soil is turned thus changes each time an about
turn is made at the end of the furrow.

For conventiomal ploughing it is advisable to divide up the area to be ploughed
into lands so as %o reduce walking at the ends of the furrows io a& minimum,
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Normally one should first mark out the lands to be ploughed, Then when starting
to plough, a shallow firast cut is taken down the middle throwing the soil outwards.
Then a return cut is taken in the opposite direction agein throwing the soil outwards,
This has the effect of leaving a shallow trench in the middle, Next one ploughs back
the unploughed soil lying underneath the first shallow furrow slice, throwing the whole
back to cover the shallow trench in the middle, Then repeat the same, ploughing back
the unploughed scil under the other shallow furrow slice. This then forms a crown or
small ridge in the middle, and ensures that all the soil is cut. From there one carries
on ploughing up one side and back the other, throwing all the ploughed furrow slices in
towards the centre (Fig. 42)., Finally, when the ploughing of the adjacent lands has been
completed, one is left with an open furrow between the lands (Fig, 43),

The strip of land in the middle is e ridge or a crown resulting from two cute back
to back. Each half of each furrow will lean in opposite directions (Fig, 41).

Floughing is ong way when the earth is always twrne.’ in the same direction with
relation to the field; i.e. the plough must be capable of turning alternately right
and left on consecutive out and return runa, The resulting ploughed land has a lead
furrow, a finishing open furrow and no central crown (fig. 44).

Concentric or Fellemberg ploughing consists in working continously round the field
either starting on one side or in the middle, This is the only method which results in
work similar to one way ploughing, using a conventional plough (Fig. 45).

2) Deseription and details of a typical mouldboard plough

In order to describe, with a fair degree of accuracy, the component parts, the
features and the adjustments of ploughs, we shall use a concrete example, that of &
conventional two-wheeled plough (Figm 46}, This type always turns the earth to the
right and is therefore a plough for ploughing in lands.
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a) DESCRIPTION

The working parte (Fig., 47):

—~ The coulter (9, fig. 47). This is a stesl cutting blade with a triangular section
which cuts the soil vertically along the furrow wall, Phe shaft of the coulter is attaced
to the beam by the coulter-bracket so that its cutting edge leans forward (the lower tip

ahead of the shaft), For good ploughing, the tip of the coulter must be positioned a
few centimetres ahead of -and above the tip of the share,

The cutting edge of the coulter is not exactly on the axis of the forward movement

of the plough, It is turned slightly towards the furrow wall thus helping to keep the
plough in the furrow.




Fig. 47 - The parts of a plough
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The coulter must be mainmtained in good condition which means that it must be
rebeaten or resharpened when worn,

For shallow ploughing, particularly in light scil, it may be an advantage to remove
the coulter, This is why some ploughs are available without coulters. *

— The share (5, Fige, 47). This ie one of the two main parts of all ploughs; it
cuts the slice of earth horizomtally and starts turnirz it over (Fig. 49).

The share may be trapezoidal, or triangular. It is attached by two bolts (counter-
sunk and pinned)} to the sole-plate or frog (3, Pig. 47). On some ploughe, a share with
a bar point is fitted, This is in the form of a 'bar" which takes most of the wear and
can be moved forward as its point wears back,

The parts of the shere have special names and they form pre-determined angles which
mast be known,

The cutting edge (fig, 48) cuts the slice of earth in a slanting direction,

The cutiing angle (or angle of attack) is the angle formed by the cutting edge,
the tip cf the share and the furrow wall (Fig, 48). -

The angle of penetration is that made by the slope of the upper surface of the share,

The digging angle {or pitch of share) (Fig. 48) prevents the whole lower surface
of the share rubbing along the bottom of the furrow, Only at two points is there contact
with the soil: at the cutting edge and at the heel piece,

The purpose of the lead angle of the share is to prevent rubbing against the furrow
wall, The only parts which remain in comtact with the so0il are the side of the share -
and the heel piece, as well as the landside,

The share is made of carbon steel which may be hardened, When w2ar has blunted the
cutting edge and the point, the share must be dismantled and reforged (and rehardened),

- The mowldboard (6, Fig. 47) is the other main part of the plough which turns
over the earth previously cut by the coulter and the share. It ie an extension of the
share to the rear, It may vary in length. According to its form the mouldboard may be
Wgenerh]l purpose, digger or semi-digger". It is made of semi-hard gteel, or of soft
centre gteel, It is attached in front to .the sole-plate or frog by two countersunk bolts
and at the rear to the mouldboard brace the other end of which is attached to lower end
of the handles +thus providing a solid anchoring, (This method of attachment is not
found on all ploughse, particularly when & second brace is fitted) (Fig. 50).

The following non-working parts do not play & direct part in ploughing but are
part of the frame or have the function of support brackets or braces.

The beam (see Fig., 46 and No. 1 of Fig, 47) is the main frame of the plough to
which all the other parts are attached, directly or indirectly,

Originally made of wood, it is now often of forged or drop-forged steel and,
more rarely, in tubular or hollow section form, of =square or rectangular section.

* In certain cases a disc coulter may be used; it costs more than the knife coulter
but is effective for ploughing leys.
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The "standard or stay" is a part at the rear of the beam and to which are attached
the main parts of every plough. Tt may be considered an extension to the beam, but may
also be a separate part made of steel or cast iron and bolted to the beam. On certain
bloughs there are two stays in order tc make the attachment of the other parts more rigid,

The frog {3y Fig. 47) is the part attached to the lower part of the stay or stays,.
Its front part is called the sole-plate, It is to the frog that the mouldboard and the
share are attached, At its rear is the heel piece (8, Fig., 47) which is, nearly always,
detachable, During ploughing, the heel bears in the angle formed by the bottom of the
furrow and the furrow wall; it is therefore a wearing part.

The landside (7, Fig. 47) is another wearing part consisting of a metal plate bolted
to the frog, Iis purpose is to prevent wear of the frog and of the stay as a result of
friction along the furrow wall,

The handles (29-31, Fig. 47) enable the ploughman to control the plough when working,
They are often attached to the base of the stay, as well as to a strengthening piece (4,

Fig. 47)s On some ploughs, the height of the handles can be adjusted to the height of
the ploughman.

Finally, let us examine various means for making adjustments:

~ The wheels  (21-22, Fig, 47) are, in the example chosen, iwo in number: a big
furrow wheel and a smaller land wheel.

The standards which carry the two wheels are attached to the beam by a single clamp,
Each wheel may be adjusted for height to achieve the settings necessary for good ploughing,

- The adjustable drawbar (23, Fig. 47). In our example, there are two adjustments,
each for a different purpose. The height is adjustable where the two arms at the upper
rear end of the drawbar are attached to the beam. The lateral adjustments are made at
the forward lower end of the drawbar to which the harnessing hook is attached {28,Fig.47).

The term "plough bogx"'-covers thé assembly consisting of the following parts: share,
mouldboard, frog, landside and heel.

b) WORKING ADJUSTMENTS

With nearly all mouldboard ploughs (whether animal draught or tradtor)_it is essential
that the pitch adjustment is correct to ensure good ploughing, This requires that the
rear heel piece of the landside should run along the boiiom of the.furrow at the same
level as the point of the shere (in the same horizontal plane) (Fig. 53).
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Fig. 51 Incorrect pitch adjustment:

The wheel presgses too heavily on the ground and the heel piece
i, up in the air
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Fig. 52 Incorrect pitch adjustments

The whesel lifts off the ground end the heel piece presses toco
hard into the furrow hottom

Line of dra.ught Traction
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Fif. 53 Correct pitch adjustments

Heel piece site on furrow bottom at the same level as the
point of the share
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In order to achieve correct pitch, i.e. good ploughing, tie use of the vertical
regulator must be properly understood., In practice, the pitch is correct when ti e centre
of resistance to forward movement, the harnessing attachment point and the line of draught
(attachment to the yoke, for example) are all in the same straight line, Experience has
shown that all the forces to which a plough is subject when in use, have a resultant
whose lire of draught is roughly at the centre of the line where the share and mouldboard
join, (see Fig. 53). It can then be understood how careful adjustment of the vertical
regulator can enable this alignment to be achieved,

ADJUSTMENT OF PLOUGHING DEPTH

To simplify matters, we shall consider only the land wheel,

Let us assume that it is raised to its top position. Since we want the wheel always
to bear on the land and so that the heel-piece bears on the soil, the share has to dig
deep into the ground in order to¢ bring the heel-share line back to the horizontal. On the
contrary, if the land wheel is lowered to the position shown in Pig. 52, the heel-piece
bears too heavily on the soil when the plough is at rest on the ground; the depth of
ploughing is thus nil.

Depth of ploughing therefore follows this rule:

- ploughing is deeper as the fromtof the beam is closer
to the ground, i,e, as the supporting wheel is raised higher.

ADJUSTMENT OF PLOUCHING WIDTH (Fig. 54)

The width of the furrow ploughed depends on how far the ploughman keeps the land
wheel from the wall of the previous furrow,

in practice, ploughing width is adjusted by changing the position of the harnessing
hook on the lateral regulator: if the hook is moved towards the unploughed land, the
Ploughing width is reduced; if it is moved towards the furrow, the ploughing width is
increased, Like the adjustment of the pitch, that of width depends on the alignment of
the following three points: centre of resistance on the plough, position of the harness
on the lateral regulator and the attachmeni point on the yoke (see Fig. 54).

SECONDARY ADJUSTMENT OF PITCH AND PERPENDICULARITY

The foregoing rules apply to the main adjustments, but a secondary adjustment must
be carried out during ploughing to ensure a correct line of draught, This secondary
adjustment is made by the vertical regulator.

2} Let us assume that the regulator is in the low position, that the harnessing chain
is short and that the harnessed animals are big (Fig, 52). The land wheel then has a
tendency to rise and the plough rests on its heel, resulting in incorrect pitch and bad
ploughing. The remedy is t¢ raise the regulator until the wheel bears on the ground
without undue force,
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b) Let us assume the opposite fault: rezilator too high, long harnessing chain, small
oxen, The land wheel bears too heavily on the ground (leaving a visible trace, or even
making the rimd the land wheel collapse) and the heel has a tendency to 1ift, pivoting
round the wheel (the handles follow this movement}, There is no longer a proper line of
draught and, in order to keep the plough at the desired depth, the ploughman has to keep
his weight continucusly on the handles, which is always very tiring and rarely effective,

To correct this fault, the regulator must be lowered until the land wheel no longer
bears too heavily on the ground.

c) Finally, the vertical setting of the plough requires the stay to be held in the
vertical plane. This is necessary to achieve a thoroughly horizontal bottom of the
furrow and is achieved by the ploughman with the handles. These must be kept properly
level, which is easy if the other adjustments have been made correctly, In practice
one refers to the perpendicularity (uprightness) of the stay.

CONCLUSION

A badly adjusted plough can never plough well: it causes ploughing which is irregular
in depth and width, it imposes heavy and irregular loads on the draught animals, tiring
them quickly and it also tires and discourages the ploughgan. If he has not learnt how
to make the necessary adjustments, he comes to the wrong conclusion that the plough works
badly because it is badly designed and he quickly gives up ploughing.

OTHER ADJUSTMENTS —-THE FURROW WHEEL (Fig., 55)

As its name implies, this wheel travels in the bottom of the previous furrow. The
" main purpeose of the furrow wheel is that it makes it easier 4o comtrol the uprightness
and thus the performance, and handling of the implement, The height setting of the furrow
wheel controls the uprightness of the plough and.the horizontal setting controls the
width of the furrow, in conjunction with the position of thé harnessing hook on the
lateral regulator. In some cases the track width is adjustable by packing washers which
allow the whecl to be moved zlong its axle, '

Removal of the furrow wheel should not affect the other adjustments {except the up-
rightness). If, after removal, the ploughing width increases, it means that the track
width was insufficient,

The furrow wheel is said teo be "toeing in" when the rim of the wheel, while travelling
in the furrow, rubs against the furrow wall. If it rubs tooc hard, an adjustment must
be made since this exaggerated "toe" increases the draugit effort reguired and thus
tires the draught animals,
ONE WAY PLOUGHING

We have described above a plough for conventional ploughing in lands, FPloughs < :

one way ploughing have the same main characterictics described above but, in additio-
they have:

= either two opposite and symmetrical plough bodies one or the other of which is
put in the working position for plough’; in one direction and the other for
for the opposite direction; these are known as reversible ploughs;




- or two bodies displaced not 180° but only 90°: known as "'guarter turn";

- or agains a single double body with two ordinary shares extended by a
single mouldboard of special shape, known as turn wrest,

These different types are described in dstail later,

3) Classification of the prinecipal animal draught ploughs

Among the possible different methods of classification, that are used here applies
mainly to the method of stabilizing and supports of the ploughs; and, incidentally,
since we shall progress from the simple to the complex, the ploughs will be listed in
order of increasing weight, at least from one category to the next.

a} CONVENTIONAL MOULDBOARD TYPE PLOUGHS

a-1) Ploughs with no stability

These are sometimes wrongly called ards, whereas they are indeed ploughs, albeit
simplified, They should rather be called "ploughs without supports" or "without wheels"
(Fig. 56). They differ from the typical plough already described in that ther have no
furrow wheel (or land wheel) and, in nearly all cases, no coulter either, In addition,
they are always light ploughs with a share 6 to 8 inches wide (15 or 20 cm) and whose
weight rarely exceeds 25 kg, These light weight ploughs are comparatively cheap since
the priced simple agricultural implements is generally proportional to their weight.
Furthermcre, the plough must be light because the ploughman ie often inexperienced and
has to compensate with physical power applied through the handles for the lack of support
wheels, particulariy when the adjustments through the hitch point have not been properly
made {which is unfortunately often the case),

Theoretically, however, handling the plough to keep it upright and in line is
similar to a plough with wheels, except that the vertical regulator will enable both
the pitch and depth of ploughing to be adjusted together, Nor is anything changed as
regards width adjustment which still involves the lateral regulator, Difficulties
arise, however, due to different soil consistencies and uneven soil resistance causing
continuous variations in depth (and therefore of width) which, without the help of a
supporting wheel, puts a considerable load on the ploughman, During ploughing, he has
to apply physical effort through the handles to keep the depth and width as consiant as
possible, He raises the handles, if the plough is not biting deep enough aad he tilts
them momentarily towards the land if it is not biiing wide enough and vice versa,
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Plough with no stability -~ without support whesls

Plough with longitudinal
stability ~ with support
wheels

Fig. 58




In practice, very few manufacturers make ploughs of this type since they are
technically out-dated and find little favour with extension workers *, When they

exist already, it is always possible, at extra charge, to add a land wheel, thus
considerably imprpving'their performance,

a-2) Ploughs with longitudinal stability

These are the ploughs with land wheels often called "small wheel ploughs"., They
are by far the most widespread, since they combine simplicity of marufacture with
relative ease of adjustment and of operation (Fig, 57).

In the same category may be included the "skid"ploughs, the skid acting in the
same wa” as the small wheel while being less costly and stronger. Indeed the short
distance between the beam and the ground means using a very small diameter wheel whose axle
quickly gets smothered in dust, mud or grass, leading to jamming and rapid wear. Under
these circumstances, it would seem that preference should be given to the skid in ground
which is wet and sticky where a skid works betier and absorbs less energy than a badly
running wheel, The same would seem to aprply to stony ground where a narrow skid (or
shoe) easily makes a way for itself, whereas 2 small wheel would have difficulty.

a-21) For draught by donkey or light bovire

These ploughs have 6 inch (15 cm) and sometimes 8 inch (20 cm)shares. Most of them plough
conventionally in lands and some of them do one-way ploughing. They are always light

{1ame than 20 ]Pl—‘ and usual 11r have noe coulter: the depth of plouchine rarely raade 10
V1S58 whall OV KE ave ne cowltery Tne aep th of PAOUgLRANG rarely exceelds .V

cm even in the llghtest 50115.

a-22) For draught by medium and heavy bovines

These ‘are, by far, the most widely used ploughs wherever bovine draught is possible,
Most of them are suitable for ploughing in lands with a single body, Some types, however,
are designed for one-way ploughing., They either have two separate bodies carried by two
stays with the axis of rotation near the axis of the beam (these are known as "reversible
ploughs"), or the twe bodies are linked by a single mouldboard, these are then turn-wrest
ploughs like those previously mentioned.

The nominal width of the shares is always between 8 and 11 inches (15 and 28 em},
most of them being 10 inches (25 em, ), This detail is important because, more so than
the weight, on it depends the draught effort required,

a-3) Ploughs with longitudinal and lateral stability

There is no plough of this type which is suitable for donkey draught, since they
are always relatively heavy.

A distinction must be made here between the two-wheel ploughs in which the beam is
fixed, with the wheels adjustable up and down and laterally and those in which the wheels
carry the front part of the beam where the beam is free to rotate, thus changing the
degree of uprightness of the chassis, Lateral stability is therefore relative.

* Except in some special cases, such as in the Cameroons and Upper Volta.




101

Fig. 59 Turn wrest nlough Detail of the pivoting
system and locliing by
lever

Imicals

Fig. 80 - Reversible plough for one way ploughing:on wheels
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a-31) GConventional ploughs with wheels for ploughing in lands

These are simple small ploughs with a land wheel to which a larger diameter furrow
wheel has been added (1like that deseribed as the typical plough under 2). lateral
stability makes a considerable contribution to regular ploughing and to reduction of
fatigue for the ploughman, without however increasing the draught effort required,
Unfortunately, they are slightly more expensive than the previcus types and prudence
must be exercised in their distribution for the following reasons:

— the adjustments are more difficult, since the track width must be appropriate to
the width of the furrow and to the position of the lateral regulator,

— and above all, good ploughing is only possible on well cleared land since the
the 2 wheels give the plough stability but as a result it is impossible to make
the plough swerve or tilt as would be possible with single wheel support, to
get round a2 stump or other cobstacle, These ploughs should only, therefore, be
recommended to experienced farmers who already have well cleared land,

a-32) Forecarriage ploughs for ploughing in lands (Fig, 60a)
Very few ploughs of this type are being made,

a-33) Ploughs on wheels for one-way ploughing (Fig, 60)

These are the reversible ploughs, The "Brabant" is the basic type in this category,
of which there are many differsnt types available. Most of them weigh over 80 kg or even
more than 100 kg and are therefore used only for heavy bovine draught, particularly in
Madagascars In the Lake Alaotra region two to four pairs of oxen are used with a Brabant
for ploughing fairly wet rice-fields, There are also certain lighter types, including
some new models, which can he used with light bovine draught,

a-34) Forecarriage plough for one-way ploughing (Fig, 60a)

There are a few models available, but tiey are hardly used at all in Africa and
are of little interest because they are technically inferior and the price is about the
Salme,
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Fig. B0a — Morecarriage plough
for conventional
ploughing in lands

Fig. 81 - Japanese plough

a) current type
L) reversible turn-—wrest type

Fig. 82 - Ridging—-plough
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b) CHINESE OR JAPANESE “OPENER-INVEBSION“ TYPE PLOUGHS

These are of extremely ancient origin but, in their modern form, are still
sufficiently simple and effective to be of interest to users in the tropics,

They differ fr . the European type ploughs mainly in the shape of their working
parts — share and mruldboard — putting them midwiy between the true ard which dees not

turn the soil ove 14 the soll inversion type of plough (Fig. 61,
The share ° -mmetrical, shaped like a spear-tip, fairly steep-sloping and extended
by a mouldboarc -ch is usually symmetrical and concave in shape and does very little

in relping tc .. over the earth,

To re: 2 friction as much as possible, the mouldboard is often slatted. Sometimes
the steel azdes making up the slats are hinged on a shaft at their lower ends {at the
joint with the share) so that they can move separately in contact with the earth and
still further reduce resistance to forward movement, This type of slatted mouldboard
is especially useful in wet or even flooded clay soils,

The atay, sometiimes made of wood, is exfended along its uwpver part to provide a
sirrle handle, to which & detachable second handle is sometimes added,

The beam may also be wooden ahd its “romt part, -thich has no support, is fairly
close to the ground. The height of the front of the beam can be adjusted by altering the
angle between the beam and the stay by means of 2 tihreaded rod. It is,. moreover, this
adjustment wvhich is used to alter th& depth of ploughing,

The constiruction of the plough is such that the draught effort of t'e draught
animals is transmitted along an ideal straight line running from the yoke to the centre
of the share, passing through the point where it is attached to the beam of the plough,
thus ensuring the efficiency and good balance of the implement when working,

T ese ploughs, vhich are very light: 14 to 20 kg, are mostly pulled br one or two -
draught animals and controlled by one man who keeps the main handle slightly inclined
to the side towards which the soil is to be turned, The soil is opened up without its
being really cut and without being compacted,

Provided that they are sufficiently str ngly-built, which is not always the case
with the few models to be seen in Africa, these ploughs would seem to be suitable for
small farmers because of their very low cost and because they would appear to need a
relatively small applied effort.

A very wide variety of models of this plough is available in Japan and Taiwan (and
in Continental China)., ‘These, always without small wheel or any other support, may be
of the “reversible-turn-under beam" type., A type working on a similar principle but
with a small supporting wheel is made by.a North African manufacturer; it was designed
for Algerian peasant farmers to replace the traditional wooden ard, The share plough
with symmetrical mouldboard was part of a universal frame and was also of the turn-under
beam type,
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¢) RIDGERS

In certain regions of tropical Africa the plough is practically unknown and the
rideger is used instead. This is the came in the north of Nigeria where some 40000 farmers
use ridging vloughs as their orly animal draught cultivation implement.,

It may well be wondered what reasonsz have led the farmers to ridge their land, It
ig rarely possible to claim erosion as a justification; either by wind or because of
unduly violent downpours sincc the ridges are not always made along the same lines, some
following the natural slope of the ground and others crossing it,

It would be more logical to admit t'at, having to turn over a certain quantity of
earth, the farmer has preferred to use the guickest and least tiring methed.

The ridge it never destroyed, It is re-made, first bvefore sowing and then again
during growth, This concern for keeping the ridges in good condition results in
rectangular and perfectlr maintained fields,

Fot destroying the rid-es means pgrowing the crops in rows which are always the same
distance apart, The ridges are set at a standard distance apart of 3 feet (91 cm) which
is suitable for the main crovs {millei and sorghum); they are also used for cotton for
which they are suitable, and for ground-nuts, haricot beans and earth peas (for which
they are much too far apart),

) There are not many models of ridgers because the draught effort required for direct
ridging is always preater than that with a plough.

This is because a ridger is, in effect, a double plough, simultaneously cutting and
turning te earth to right and left by means of two symmetrical shares and mouldboards
(see Fig, ¢?), It makes tuo hali'-ridpes simultaneously. When the ridger is fitted
with a heel piece (which is not always the case), its adjustment is the same as that
of a2 plough but, in this cane, a lateral adjustm: nt would serve no purpose gince the
anposing lateral forces cancel each other out,

The distance from ridge-top to ridge~top depends on the width of the ridger, but alse
on the working depth and the adjustment of the wings, i.e, the mouldboards which may, on
certair types, be set at various angles and, in consequence, raise the earth to a lesser
or greater extent, This adjustment may be made bv loosening of nuts and bolts, in which
case it is a lengthy operation, or by a screw or lever system when it can, in practice,
be done without stopping the draught animals,

All the sufficiently sturdy ridging ploughs ma - be used for direct ridging provided
that the draught animals are able to transmit the necessary tractive effort (bovice
draught will always be used),

If needs be, by means of t':e wing adjustments it is possible to build ridges in
two runs (a shallow run focllowed b a second deepir run) but this involves very
complicated adjustment,
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D) SOIL WORKING IMPLEMENTS WITH TINES AND DISCS

The purpose of these is to complete the work done by the ploughs, such as secondary
tillage, destruction of weeds and, sometimes to substitute for ploughing,

1) Ards - PFig, 63 These should have been mentioned first among
the soil-working implements since they are of
far e#arlier corigin., They do not, however,

1) Ards turn the soil over and can only meke a furrow
with slightly raised edges, Their working
parts, essentially a share and, sometimes, a
rudimentary mouldboard are symmetrical in the
vertical plane through the draught axis, As
in the case with the ridgers, there are,there-
fore, no lateral forces which make bhoth
adjustment and control simpler (Fig. 63).

Fig. 63 - Ard

The few ards available nowadays 'in modern form are used solely in arid areas for soil
preparation without soil inversion, This is the case with an ard which was developed
as the result of an PAO study based on the traditional Lybian ard, with a view to its
improvement. Starting with this ard made of wood, with the exception of the share, a
metal unit was developed with interchangeable working parts. A4 true ard made entirely
of steel is alsc made in Italy,

2) Cultivators

These are implements with rigid or flexible tines which can be fitted with shares
of various shapes. They are difficult to classify and this can be done with reference
either to the share or to the tines,

- a) CLASSIFICATION ACCORDING TO SHARE SHAPE

-~ The scarifying share is usually formed by the lower part of the tine (strengthen-
ed and shaped), It is concave and has a reinforced tip; it is fairly narrow (50 to
55 mm.); it penetrates the ground at an angle of entry of 30° to 60°, The scarifier does
aeration and deep loosening work (Fig, 64),

~ The cultivator share is narrow and elongated and always attached to the front of
the tine, It is nearly always reversible (PFig, 65).

~ The weeder share is triangular with two lateral wings which are sharply concave,
This share penetrates the ground to a shallow depth at a small entry angle, It carries
out weeding, cleaning (bringing débris of all kinds to the surface) and soil loosciing
work (Fig, 66-67),




Fig. 64 - Scarifier tines

Fig. BS

Fig. 66
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b) CLASSIFICATION ACCORDING TO THE TINE3

~ The rigid tine is used less and less, It is mounted vertically, With aninal
draught implements, no safety system is generally provided {(Fig, 68),

- The rigid hinged tine (of the tiller type) is held in the vertical position
by a spring, The spring absorbs shecks and the tine vibrates as it moves along. Thre
entry angle remains the same, as long as t''e spring works properly (Fig., 69), '

- The flexible tine may be flexible to varying deprees:

- the flat tine, consisting of a curved stéel blade, whose
upper part is sometimes reinforced ("shouldered") (Fig. 70),

~ the coiled tine, of square section, which iz hardly ever
available for animal araught implements (Fig., 71).

The body is a rigid frame, usually on wheels, with, in all cases, a depth adjustment
system,

Among the types of cultivator mentioned, that which is by far the most used for
animal draught work in the tropics is the flexible flat toothed cultivator, commonly
known as a spring tine harrow, It is available either as a simple cultivator with its
teeth attached to a body without supporting wheels and hinged on a shaft to adjust
working depth, or, more frequently, as an attachmeni to a multicultivator or multi-pur-
pose frame, an implement which will be discussed later.

3) Disc harrows

There is now a hig market for ibese implements as a result of the mechanization of
agriculture, With animal draught cultivation, however, their value is°much more open
to question, not for technical reasons, even though the disc implements work better at
the high speeds achievable by tractors, but for economic reasons. They are, indeed,
relatively costly. They are usually heavy implements requiring considerable draught
effort (Figs, 72).

In view of the weight limit imposed by the animal draught method under consideration
in this manual, only simple disc harrows can be discussed, These consist of two snafte
each fitted with a row of concave discs with spherical caps, The two shafts carrying
the dises are arranged in a wide V open to the front,

Disc harrow - Fig. 72 Each shaft carries 3 to 6 discs mounted
vertically which can rotate on roller or
ball bearings or on shell or wooden bearings.
The discs, wiih iwternal levelling, have a
maximum diameter of 50 cm and are set 15 to
23 cm apart,
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Fig. 67 - Animal draugil weeder or scarifier
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The harrow works the ground thoroughly as its dises are set more obliguely to the
direction of movement, i,e, as their angle of attack is increased, Conversely, it does
practically no effective work when the shafts of the two sets of discs are in a straight
line; in this case, the harrow rolls over the ground and this is, moreover, the only
way in which the most simple implements can be trausported,

Zxcept in Madagascar, where there are a few,disc harrows are only very rarely used,
3uch harrows are sometimes provided in the range of implements for attachment to
multi-purpose bodies, These are usually as described above, but in some cases they may

be offset harrow; i,e. two sets of dises one behind the other but not parallel,

The share or disc stubble-ploughs are only mentioned in passing since, they are
never used in tropical agriculture with draught animals,

E) SURFACE TILLAGE IMPLEMENTS

The main purpose of these is to prepare the seedbed for good germination of the
seed,

1) Harrows

These implements are far too little known in Africa, despite the fact that they are
almost esszential for seedbed preparation where mechanical planters are used. ' When seed
is sown by hand, harrowing can be dispensed without much harm, although there is always
the risk of a downpour breaking the big clods left by the plough which will then bury
the seeds too deep, If, however, it is desired to use a mechanical planter after plough-
ing, the harrow becomes not onlty useful but essential. Indeed, the animal draught planter
used (which is always light) must be able to roll over the seedbed without toc much
bumping if satisfactory sowing is to be achieved, However, this is never the case on

land which has only been ploughed,

Harrows are implements which work at shallow depth with simple teeth without shares,
There are several different types,

- Rigid spike tcoth harrows, harrows consisting of a rigid wood or metal frameto
which are attached pointed teeth which are champered and arranged vertically so
as ta work the soil (Fiz. 73).

- Linked spike tooth harrows, consisting of several rigid frames or sections joined
together, The most rational arrangement is that in which each unit has several
longitudinal members arranged in zig-zag fashion and fitted with teeth, hence
theisr name of Zig~Zag harrows (Fig. 74).

Tfige 77 = Rolling harrow
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- TUnlike the linked harrows which only have transverse flexibility, the flexible
harrows have also longitudinal ilexibility. They consist ¢f small frames or
sections carrying the teeth linked together by flexible limnks (Fige 75-76).

— Rolling harrows with a frame with two or three cross shafis on bearings, Fitted
4o the shafts are dises with radial pointed heliceal teeth which interact in such
a way as to avoid clogging and are self-cleaning (Fig. 77)s A very special type
of rolling harrow is made in Asia, either by local artisans or 1ndustrlally. It
has wooden or metal teeth attached to a roller (Fig. T7a).

2) Rollers

Rollers could, at a pinch, be left out since they are cxtremely rarely used and,
in the regions in which we are concerned, are reserved sclely for work at a few experime
ental stations and farms., Their agronomic value is not guestioned but, in t.e order of
priority of eguipment for the African farmer and bearing in mind his purchasing power,
rollers are only of very minor interest, To this should be added the considerable drzught
effort they need which is often tce much for the capabilities of the animals available,

The rdller is used to pack the earth, to break up cleds and for levelling, Theyr are
sometimes listed under t-:0 separate categories:

— compaction rollers which crush clods and bury them,
- ¢lod-crushers which crush and pulverize, producing a powdery
soil and compacting the sub-soil,

a) The compaction roller consists of one or more cylindrical units on a single s’ af
(Fig. 78). The corrugated roller is only a variant of the compaction roller,

b) The Cambridge o. ring reoller, composed of independent parts or discs on a single
shaft, is a clod-crushing roller which is more effective than the smooth surfaced
roller (Fig. 79).

e) The ring roller is also available as a two row model. It has two parallel shafts
one behind the other, Each set of roller is made up of adjacent cast iron discs,
The arrangement is such that a disc of the rear roller passes between two discs of
the front roller, This roller is particularly effective in powdering the soil,

d} The "crosskill" roller is a typical clod-crusher; it has two series of independent
discs with alternately two different diameters on a single shaft, with a big disc
between two small ones, One of the two series of discs has a hub of diameter greater
than that of the shaft so that all the units can roll on the ground despite their
different sizes, As their angular speed is not the same, they unclog themselves
automatically. Furthermore, the rims of the discs are notched (Fig, 80).

e) The "crosskillette", often confuced with the crosskill,is made up of units consisting
of emall diameter discs, all of the same diameter with teeth on their rims, There
are about ten of these discs on one shaft, A crosskillette generally has two parsllel
shafts one behind the other,

f) The toothed clod-crushing roller has a double row of stars whose pointe are oblique
and arranged spirally so that they do not get clogged, It differa from a rotary
harrow only in its greater weight.

The frame of the rollers is always very simple and consiste of a frame attached to the
shaft or shafts of the rollers,
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Fig. 14 - Twe section harrow (zig—zag)

Fig. 18 -+ (Chain harrow

Fig. 18 - Reversible teeth for spike tooth harrows
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Fig. 772 - Rotary harrows or clod crusherH

Upper: Malaysian wooden type
Lower: Japanese metal type

e

Fig. 78 - Companction roller
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Fig. 79 Cambridge or ring roller Disc of Cambridge roller

Big hub Small hub

Fig. 80 Crosekill roller Crosskill roller disce
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F) MULTIPURPOSE TOOL CARRIERS

As previously mentioned, simple implements which have been used in Europe with the
large animals normally found there, often proved unsuccessful in Africa because the
strength of the animals available was much less than that of the eguivalent of European
horses or oxen,

The problem was therefore re—-examined by some manufacturers for Africar. conditions
and it was mainly light ploughs which started being made some 20 to 30 years ago. Since
the last World War, the failure of various power mechanization experiments has led to &
return to animal draught cultivation. In a concern for economy in the face of low income
users, design engineers have, as far as possible, grouped together into a single unit
various implements whose individuzl development and limited sales would have been very
costly.

Thus, alongside the "simple implements” each for a single operatinn (ploughing,
sowing, etc,} the multipurpose machine has appeared which can be used for several
different operations in succession,

Such a machine is made up of two parts:

—~ ohe, which is the same for all purposes, is the
tool-carrier, bedy or frame,

-~ the other, which can be changed for each particular
use, is the working part or tool.

Here, we shall mainly discuss the frame,

The tillage implement has to be teamed up with the animals, i.e., what it can do
depends on the power & animals and there are, therefore, different implements for dif-
ferent draught animals,

Generally speaking, the range of tillage implements is divided into those which can
be used for:

dorkey cultivation
horse cultivation *
light ox draught

— medium ox draught
European type heavy horse or ox draught.

n

A number of French manufacturers have made special efforts to meet the various
requirements listed above, and are producing models for tool-carrier assemblies, for
ox draught and for dorkey or light ox draught,

* TWe should point ocut that horse drawn implements are less and less considered by the
manufacturers of miltipurpose implements in view of the general unsuitability of the
horse in tropical Africa for prolonged effort,
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The British, at the Nationzl Institute of Agricultural Engineering, have developed
a multipurpose tool carrier similar to the French implements. A polycultivator is also
made in India, Finally, in Hadagzscar, an Italian engineer has developed equipment with
polycultivator features which haz, in particular, an adjustable track width, a variable
height of tool-carrier arm and nc shaft,

The multipurpose toolw-carriers would appear to mark an important step forward in
the development of mechanization in African countries with Sudanian/Sahelian climatic
conditions,

Among the numerous different types available, there are a few with excellent features,
There is a wide range of tools available for them, capable of doing good work, partic-
ularly as a result of adaptation work carried out locally by, or in cooperation with,
research bodies (such as the Bambey C.R.A.). The development of suitable tools has been
carried on for many years in Europe by certain manufacturers and helped by engineers and
mechanics working on the farms using their equipment, This work has not been possible
in Africa, with exception of a few research stations with competent personnel. This is
why the greatest caution must be exercised, particularly in interpreting the assessments
of the tool users. A user may complain that "the"plough body of a certain multipurpose
implement is ridiculously marrow for the ground he has to till whereas, in fact, he may
only possess the smallest of the three plough bodies offered by the manufacturer,

There ig a clear distinction between the use of multipurpose frames, without wheels
and tool-carrier frames with support wheels. The frame without wheels can be relatively
easily lifted and carried by the driver on foot to avoid an obstacle, The tool frames
with supportlng wheels, particwlarly if they are designed for a seated operator, regquire
ground which is completely free of obstacles, i.e, which has been tilled relatively
intensely over a long period, The multipurpose frames without supporting wheels (but
poasibly with small secondary wheels) are pulled with & chain, wherees the tool frames
with large supporting wheela can be used for transport and have a pole for pulling to
which the animals are harnzsged,

For the equipment on a farm, the choice between a set of implements congisting of a
plough and, at least, a weeder/hoe and that represented by a good multipurpose frame is,
-above all, based on economic considerations, On certain Africar peasant farms, however,
the plough must be used'at thc same time &s the crop weeding implement, In this comnection
it must be stressed that some plough frames can be fitted with a ridging body or a scarify-
ing tine instead of the plough body, so that a set of eguipment could be env1saged
con51st1ng of two frames with 11m1ted interchangeability,

As regards the relatively hlgh price of the multipurpose frames, it must be emphaaized
that their cost must in theory be amortised over all the very varied work they permit, or
at least over 2 major proportion of this work, Their use is therefore only economically
justified if they are used for a variety of different crops making up the crop rotation
syatem of a farm and not just for a single crop, even if this crop offers a high commercial
return, This extensive use of the multi-purpose frames assumes either fairly advanced
agricultural development cr effective extension work, so that the means are available to
extend the methods to all branches of peasant farming,
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MATR MULTIPURPOSE FRAMES

1) Donkey draught

To begin with, in this category; there are the hand-operated implements which can,
however, e harnessed to an animal, then come implements specially designed for donkey
draught and, finally, others designed normally for light ox draught but whose light weight
and the small width and depth of soil worked make them suitable for draught by one or
two dorkeys. These implements should normally be eble to be pulled fairly easily by a
single small bullock or cow,

a) HAND HOE

The oldeet of the implements at present availeble commercially consists essentielly
of a gimple hoe with 2 single non-adjustable wheel at the front, It canalsoc be used
for weeding (which can be done by hand), light scarifying, ridging and even prloughing
by means of a small plcugh body.

It is a transitional implement between hand cultivation and draught animal cultiv-—
ation.

©) MULTIPURFOSE TOOL

Another itype of tool can ve used for a limited variety of purposes, It may be
equipped with a emall ridger, with a plough body, with a more or less narrow scarifying
tine which can be used for crop-lifting, or with five hoeing teeth., Like the light hoe
described above, it would appear to lie at the lower limit of animel draught cultivation,

¢) Another donkey draught type hoe is derived from the "griffon", a form of horse-
drawn hoe used by the vine-growers of southern France,

The hoe has been reduced in weight (it weighs 26 kg) for use in Upper Volta and has,
to a large extent, contributed to the success of animal draught cultivation in that
country by enabling a large herd of previously unemployed donkeys to ba made use of,

It is an angular expansion hoe fitted with five flexible stays to which may be
attached cultivating teeth or tines, The fact that the stays can be fitted quickly
means that their number can be adapted to the work in hand, as well as %o the draught
effort available. In addition, one or two ridging bodies can be fitted so thai the
implement can almost be called multipurpose,

d) Another light unit recently developed in France is a multipurpose implement
specially designed for donkey draught. The rectangular, steel bar frame only weighs
11.5 kg and can be fitted with the following implements:

6 inch (15 em) plough;

- two to five flexible cultivator stays;
-~ ground-nut lifter;

-~ ridgers;

- 1lister type furrow opener,

e) There is also a relatively heavy implement (the chassis alone weighs 16 kg)
which may be more suitable fto light ox draught. Once again, it is an implement which
lies between donkey draught and ox draught
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The basic wit has a 40 x 14 mm flat steel bar chassis and two handles with a
single supporting wheel at the front. A cross—member is walded to the rear part of the
frame, to which the various implements may be attached: plough, ridger, hoe using spring
tines, rigid tines or shovel points and even a fertilizer spreader,

2} Light and medium ox draught

In tropical agriculture, light ox draught means the use of fairly small animals with
generally insufficient feed (particularly during tillage work at the beginning of the
rainy season), As a result, the average draught effort is low and is usually not more
than 80 kg with a pair of oxen,

A model made in France weighs 21 kg for the chassis without tools, Its increased
variety of uses, which makes it into a real "multicultivatorm,

Among its attachments mzy be mentioned:

- 6, 8 or 10 inch (15, 20 or 25 cm) ploughs,
- ridgers of various dimensions with
adjustable or fixed wings,
- ridging unit consisting of a ridger with mouldbeard
or two angle discs,
- shovel points on rigid tines,
- wheela with sweeps or skimmers, mounted
on flexible or rigid stays,
- harrow with rigid teeth or flexible teeth (weeder),
« ground-nut lifting blade,
« fertilizer spreader.

A multipurpose chassis has recently been developed in France and is only just
being put on the market. Trials are at present in progress. Despite lack of experience
of itse capabilities it can be classified among those implements suitable for light ox
draught. .

It consists of a rectangular beam with a single front supporting wheel; it has to
be kept upright by means of two handlzz, Ten different implements may be mounted on
this basic assembly: plough, rigid and flexible toothed cultivators, hoe, tool for
earthing up and splitting back, ridger-digger, lister, lifter, planters (2), (Fig.81).
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Fig. 81 - Example of MULTICULTIVATORS

Plough Cultivator

Hoe Lifter
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~e) A medium weight "multipurpose agricultural implement" based on the same
principle as those already described consists of a beam with supporting wheel, on
which various tools can be fitted, It does, however, have a particularly light and
strong main beam, It can be equipped as a plough (three different bodies), spring tine
cultivator, hoe, weeder, ridger, ground-nut lifter, ete. In this case also, the number
of working parts can be changed to match the available draught effort (Fig., 82).

d) With ancther implement a step is made towards better control of the tools,
because the frame (which is rectamgular) is supported at the front by two small wheels,
These give the unit adequate transverse stability at the price, it is true, of a very
slightloss in draught effort,

e) An improvement version of the above hezs sufficient under frame clearance for
cultivation on ridges.

The stability of the chassis is also provided by two supporting wheels, at a maximum
distance apart of 60 om, It has the same range of implements, but a plough body for
one way ploughing of the ¥4 turn reversible type has been specially designed for this
model, In addition, it can be used for offset work such as the maintenance of row
cultivation, : '

3) Heavy ox draught

This equipment is distinguished by the fact that the multipurpoee implements under
this category are heavier, loosen a greater quantity of earth and have a wider range of
uses, An important additional advantage is that it can he used for transport, This is
made possible by the fitting of large metal, or more often pneumatic, wheels,

Incidentally, but important also, these implements are not pulled by a chain but
by a pole - or shafis,

Finally, the frame for carrying the various tools is a support which is really stable
laterally (the track width may be more than 1 m) and longitudinally, since pulling by
role makes the vhole assembly more rigid,

Under these conditions, there is nothing to stop the fittirg of mounted or partially
mounted tools which are attached in a similar manner to tractor mounted equipment,

It is almost as if oxen were being used in place of a tractor, with a seat on the
implement, but without a mechanical or hydraulic lifting arrangement for the implements.

a) "POLYCULTIVATOR" (Fig. 83)

The chassis with straight shaft and pole may be equipped with: a wagon platform,
a broadcast seeder, spring tine harrow, a cultivator weeder, a plough body, 2 row
planter, & ground-nut lifter, a mower, etc, The straight shaft makes the polycultivator
only suitable for level cultivation work,
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Fig. 82 - Exzmples of a NMULTICULTIVATCR

The basic frame and
some possible attachments

Ground-nut lifter Ridger with adjustable wings
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Fig. 83 - A POLYCULTIVATOR

The basic chassis and seme of Plough
the possible attachments

Lifter Wagon

Hoe Row-crop planter
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b) P"UNIVERSAL” CHASSIS MALE IN INDIA

This equipment has been manufactured for several years and it would appear that it
came out at about the same time as the French polycultivator., It consists of a chassis
with no shaft and with a seat. In addition to the normal versions, it can also be fitted
with a levelling blade carried at the rear, as well as a "Tonga" - a fitting for carrying
people,

¢} MULTIFURPOSE IMPLEMETD

Another multipurpose chassis made in India has 2 metal supporting wheels and the
driver may be seated., The shaft is straight but, even so, the large wheels give it
(considerable ground clearance, The track width cannot be adjusted, but the tools are

controlled by a mechanical 1ifting system,

The following may be fitted:

- a plough with 46 cm diameter discs {this is
rare in animal draught cultivation)

a disc harrow of the offset type with 40 cm
diameter disecs,

B 2 rigid toothed cultivator,

a ridger with fixed wings,

a rear levelling blade.

d) N.I.A.E, MULTIPURPOSE IMPLEMEIT '

The agsembly was designed by the National Institute of Agricultural Engineering,
Lengthy development work was necessary which seems to be continuing at the same time
"as commercial production, 1Its characteristics are very similar to these of the French

polycultivator already mentioned,

e) TROPICULTIVATOR

This is the version of the Prench polycultivator for cultivation on ridges. The
bridge type chassis, without shaf+, gives a clearance of 0,80 m under the chassis, The
track width may be varied from 0,60 m to 2 m, The rear tool bar is lifted by a 3 point
system,

£) POLYCULTIVATOR

There is another model ¢f a multipurpose chassis without shaft and with good
clearance (70 cm). The track width is variable (0,56 m to 2 m), The various versions
are similar to those of the Tropicultivator,
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Iv

BQUIPMENT FOR THE SOIL PREFARATION OF IRRIGATED RICE-FIELDS,

DRY OR UNDER WATER

The preparation of the scil of rice-fields mainly depends on the method of cultiv-
ation, this depending on the rainfall and the possibility cf bringing in additional water.
The rice may be cultivated:

- either dry, or
~ with additional irrigation, whose effectiveness
depends on the degree of water control achieved,

Where dry cultivation is concerned, the rice is cultivated like any other cereal
andy, in theory, the soil is prepared by using methods and equipment similar to those
used for other annual crops. We shall not repeat the descriptions of tliese implements
which have already been discussed in & previous chapter; the aim is to achieve clean
and lcosened earth so that good sowing may be carried out in conditions favourable for
the future development of the plant., This is subject to the hazards of climate and the
¥ields obtained vary widely, sometimes being insignificant; nevertheless, under certain
conditions, satisfactory results are possible; average yields of 15 quintals per hectare
have been reported, particularly in Ivory Coast,

Rice cultivation under water is, however, the general rule and it is with irrigated
cultivation that the best yields are obtained, these, moreover, depending on the degree
of water control, It is obvious that rice-fields which rely on rainfall or floods
{uncertain water reserves) will give less reliable results than those produced with good
well-controlled irrigation, The methods and implements used for the soil preparation of
rice-fields depend, to a large extent, on the amount of water aveilable when the work is
carried out,

There are two possible cultivation methods:

= direct sowing, dry;
- direct sowing or transplanting
in soil under water,

In the first case, it is, in fact, a guestion of conventional soil preparation for
dry cultivation, contingent on maintaining the original level surface as well as the
means for making bunds, drainage etc.,; the implements used are mostly those applicable
to other crops (such as ards, ploughs, disc harrows), whereas, in the second case, it is
often necessary to make use of implements specially designed for specific tasks, such
as for puddling and sesdbed preparation under water (in particular, rotary hoes),

Some of these implements can be used either dry or under water (ards, some ploughs,
rotary hoes, etc,).

Generally speaking, preparation of irrigated rice~fields takes place at the beginning
of the rainy season, except in particular cases where, as a result of sufficient control
of the water in the dry season, rice can be grown out of season., At the beginning of
the rainy season, however, the animals are often in bad condition, so that a very great
effort can not be demanded of them, even though preparation of the rice-fields is very
exacting in energy,
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This is why, in the following descriptions, we shall have to limit ourselves to
equipment and implements not exceeding a certain weight, above which any use in tropical
countries becomes impossible. When we mention European-designed equipment which is too
large for logical use in Africa, this must be borne in mind if its use is planned as it
must, in most cases, be pulled by a pair of oxen,

Degpite the appearance of a certain form of power mechanization over the past few
years, particularly in Japan; animal draught cultivation for rice-growinz still plays
a very important role in Asie; it could alsc play this role in Africa since, with some
exceptions, the African rice-grower mainly uses hand methods for rice cultivation,

The soil has to bhe prepared so that the seed {sown dry or in wed mud, broadocast
or in rows), or the plant (transplanted) may find the best conditions for its develop-
ment through to harvesting, Efforts must therefore he made to ensure as perfect as
possible a soil preparation (but this often fails to be achieved, rice—growers can
frequently be seen, in the Sudanian-Sahelian area, for example, sowing rice on very
badly prepared ground), The wide range of animal draught cultivation implements at
present in use for rice-growing enables the ground to be properly prepared, provided
that the appropriate equipment is used. The methods used must result in periodical
oxidation of the soil of the rice~fields while retaining its proper physical structure,

There are three phases to he examined in succession:

- ploughing proper, primary tillage;

— seedbed preparation, secondary tillage;

~ forming a layer of wet mud on top of a
relatively waterproof layer.

This schematic description of the work is not always exactly followed, sometimes
the ploughing may be omitted (direct~treading or puddling in rice-fields under water L
in other cases dry secedbed preparation does not take place because the wet mud is formed
directly on the ploughed land after it has been submerged, finally, seed may be sown
dry, even though the rice-field is subsequently irrigated.

Rice-fields under water can only be managed properly if the necessary infrastructure
has been established to ensure good utilization and good distribution of the water. This
mainly involves good levelling and making of bunds, We shall, therefore, take a quick
look at the equipment used for this purpose, before going on to the equipment used for
soil preparation,

A) LEVELLING AND MAKING BUNDS

With irrigated rice~growing it is absolutely essential to achieve good water control,
This can only be achieved by correct levelling and careful construction of bunds to keer
the water in.

l, Levelling

There are two phases in the levelling of a rice-field: general levelling and fine
levelling,

General levelling, In areas where irrigated rice-growing is net traditional, this
involves the use of major power operated earth moving equipmcnt, Extreme caution must
be exercised in order to prevent excessive removal of the top-soil,




127

Animal draught can obviously only be used to a very limited extent for this levelling
work, which usually involves moving tens or hundreds of cubic metres of earth per hectare,
depending on the relative size of individual plots, Except in particularly favourable
cases, therefcore, animal draught can only provide limited additional help.

Fige 84 - Iarth scoop, Among the animal
draught levelling implements which can help
with general levelling, we may mention the
earth scoop, formerly frequently used in
Burope, although now they are manufactured
much less frequently. They are used on dry
ground which is sufficiently loose for the
loading effort not to be unduly heavy. They
hold 50 to 150 litres, Loading is autometic
and unloading is done by tipping over where
degired by means of a simple device (stop or
catch), The distance to be covered must be
fairly short (a few dozen metres)., A very
simple scoop, weight empty 60 kg., has been
Fig. 84 - Earth Scoop developed in Madagascar and should cost
-about 10,000 france CFA,

Fine levelling has to be done before seeding, since the soil preparation work,
particularly the ploughing if it is dome in lands, produces surface unevenness which
must be removed, ‘Fhe implements used for this purpose are generally very simple and
can, therefore, if needs be, be made locally; some are used on dry and others on flooded
ground, Most of them are multi-purpose and can also help with the paddy (wet mud)
preparation which we shall discuss later, They are different types of harrow such as
the conventional wooden~framed harrow with teeth and the various "Spanish" and "Italian"
harrows,

The levelling board consists of a heavy plank 1 or 2 metres long which is drawn by
one or two animals., Handles are used to make it dig into the mud or, on the contrary,
to 1ift ocut by controlling the tilt of the loading edge of the board, Sometimes, two
planks can be used together, they are then flexibly linked by, for example, rubber bands,

The heavy plank may be replaced by a simple log with a pole at the front for attach-
ment to the yoke or the log may have rings for attaching chains,

The upright levelling scraper worke best in water, or at least on very wet ground,
but it can also be used on dry ground, It consists of two planks and a handle, One of
the plankes may be about 1,80 m long and 0,30 m wide. It is moved forward in a vertical
position, perpendicular to the dranght lize and works along its lower edge. It is made
gtable by a gecond plank which is attached at the centre of the first plank by a flexible
joint (hinges or other method), this second plank, which is perpendicular to the first,
and is about 1 metre long, carries the operator who, by means of handles solidly attached
to the first plank, adjusis the degree of "bite" of this levelling board and thus ensure

#hat the final smoothing off is done properly, The working edge of the levelling teard
is reinforced with a metal blade (fig, 85).

The float, or levelling sled, is usuvally a wooden implement, except for the re-
inforcing shoes and the attachment peints. Its effectiveness depends on its length;
it is therefore, by definition, a bulky implement which cannot be used on small plots.
In addition, the draught effort needed is relatively toc great for the animals usually
available,
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Fig. 85 - Levelling Scraper

A L)L

EARANY

Fig. 86 - Polycultivator with Fig. 87 - Indian type
levelling blade Ridger
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Swivelling levellinz blades are available, some as wheeled models of the polycultiv-
ator or multicultivator type: Fig. 86.

2. Making bunds

The bunds must, to the maximum extent possible, be psrmanent, They should be well
anchored and watertight. Bunds are generally built by hand, unleas power is available
permitting the use of big implements,

Few bund making implements have been designed for animal draught, There is, however,
an implement which is locally made and is fairly widespread in Asia, and is used in India,
also for making barks and terracing against erosion, It consists of two planks about two
metres long and 30 to 40 cm wide put together in & V, with the point forwards (Fig, 87).
The operator gets onto the V and roughly regulates its working depth by shifting his
weight forwards or backwards, Before thie impiement is used, start making the bund by
cutting a furrow with a mouldboard plough.

In this connection we should mention that an out and return run with a mouldboard

plough guickly produces a small bund which only needs packing down with 2 shovel 1o be
effective, }

A variant of the preceding implement may
also be used, either for making ditches
or as a bund former. It also consists

of two planks, one of which, the biggest,
(about 2 m) is set on the draught axis,
whereas the other, hinged at the top some
distance from the front, can be displaced
more or less by moving the attachment
point by means of a cross-member, A handle
is provided for the operator to steady
himself on the implement and also helps
him to control it,

Fig. 88 = Bund former

Various types of animal draught ridgers
with shares or discs may also be used to
rough out bunds. )

A very simple bund former is used in India. It consists of two wooden or metal
planks, forming an open V with the wide opening facing forward., The earth, which must
be well loosened beforehand, therefore builds up to the rear as the implement moves
forward, The walls are concave and thus help to form the bund, Steering is by a handle,
An implement of this kind is used in Spain where it is called an "acaballonadora™
(ridger) and has been adapted for tractor use (Fig, 88),

Very few animazl draught implements have been designed for the maintenance of drainage
ditches or irrigation canals. A&n implement exists in Spain which is based on the principle
mentioned later for the "draga de talles",but, including in addition, at each end a
second disc 10 to 15 cm from the outside discs of the roller; these two additional discs
whose purpose is to cut the edge of the ditch and the weeds growing on it, are of dif=-
ferent diameter to that of the two other original discs; the implement is 50 to 70 cm.wide

B) EQUIPMENT FOR THE PREPARATION OF IRRIGATED RICE-FIELDS

The s0il should normally be tilled for rice to a depth of about 10 toc 15 cm, At
any lesser depth, weed destruction is inadequate, whereas with a depth of more than 20
cm there may be a reduction in yields, probably because the organic matter is buried too
deeply for the root system to be able to reach the nutritive elements resulting from its
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decomposition. In any case, the working depth must remain constant over the years so
that the hard sole of plough pan, lying as it does some 15 cm from the surface of the
soil, is not destroyed. There is thus a layer of impermeable earth which helps reduce
losaes of water and nutritive elements during floodisg which lasts throughout the period
of growth of the rice,

1. Ploughing

We shall group together here actusl ploughing and the work done by other tillage
impl ements, since, with rice-growing - particularly flooded cultivation -~ there is not
such a strict division between the two categories of work as is the case with dry cultiv-
ation,

The main purposes of ploughing in rice-fields are:

- loosening of the soil, usu2lly to be followed by puddling,

= g ration of tie growd arnd the germimtion of weeds which ———  ~—— 77
can then be destroyed by other tillage operations,

~ digging in of vegetable or organic matter, with a view
to achieving a granular structure allowing the right degree
of permeability favourable to oxidation.

To achieve these results, the ploughing must meet two main conditions;

- the optimum depth seems to be between 10 and 15 cm.
- it must be done 4 to 6 weeks before sowing or transplanting,

a) PLOUGHING FQUIPMENT

Ards and ploughs with forecarriages are used almost everywhere for dry ploughing,
but a distinction must be made: whereas in the Far Fast it has been traditional over
a long period mainly to use ards without mouldboards, working without turning the soil,
in Africa and Madagascar, only ploughs with mouldboards have been recommended; these
are heavier and therefore more expensive, This is explained by the fact that, unlike
Asia where animal dravght cultivation is traditional, in Tropical Africa the use of
draught animals is relatively recent and tre ploughs have usually been imported from
Europe. But turning over the soil, which has many advantages (aeration, digging in
weeds) requires a relatively high draught effort which explains why Western type mould=
board ploughs can only be used after the first rains have fallen, so that there is a
delay which may be harmful to the subsequent cultivation operations.,

The Chinese and Japanese ploughs which are a compromise between the ard without
mouldboard and the plough, do not turn the soil over completely, and they have the
advantage of being very light. Some are, as previously mentioned, reversible, which is
an appreciable advantage for maintaining the previously established levelling and to
avoid the boundary furrows of ploughing in lands,

The use of a slatted mouldboard may be advantageous in heavy soils, particularly
those of rice~fields, since the draught effort necessary is reduced by a reduction in
frictior., As already mentioned, this type of mouldboard is fitted mainly to the ploughs
made in Asia,

One way ploughing is normally to be recommended for rice, Several manufacturers
have available reversible ploughs weighing from about 30 kg up to 120 and even 150 kg.,for
reversible ploughs on two wheels,
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These ploughs were described in the preceding chapter, Practically no changes
have been designed apecially for rice—growing, with the exception of the adoption,
in certain cases, of slatted mouldboards, which are as yet little used in Africa, In
some very exceptional cases it is even possible to use them on flooded land,

Generally speaking, one or iwo ploughings are sufficient to ensure the first
preparation of the rice-field properly, but that depends on the equipment used. Thus,
in India, the use of very simple ards sometimes makes it necessary to cover the ground
at least 5 times. On average, for z ploughing width of 15 to 20 cm and 2 depth of 10
to 15 cm., 25 to 30 hours per hectare of continuous work must be reckoned, representing
5 to 10 days' work for cne or two men and a pair of oxen,

b) SECONDARY TILLAGE BQUTPKENT

In actual fact, in rice-growing, turning the scil over does not appear essential
in all cases, Ards without mouldboards which are still extensively used in Asia are
__more lika ewltivators than ploughe_  Ths - sessndary tillage egulpment diseussed-in the .
following paragraph can mostly be used for this work: disc harrows, cultivators,
expanding hoes etc, On the other hand, the disc stubble-ploughs which require too much
tractive effort, are not used with draught animals,

2. PFinal Seed Bed Preparation,

- Primary tillage operations by ploughing leavés a lumpy soil which must be further
prepared carefully so that the sowing {or tranmsplanting) may be carried out under good
conditiong; +this final seed bed preparation, can be performed by a variety of imple-—
ments, some of which are specially designed for work under water, whereas others can be
used dry or under water, or only dry.

a) SECONDARY TILIAGE NQUIPMENT USED IN PLACE OF PLOUGHS

Disc harrows drawn by animals can, in some cuases, be used for seed Ued preparation
of the soil although they are implements which are designed to be worked at a relatively
high speed, They must be used under clearly defined cmnditions of ground humidity and
mast often be weighted which aggravates the dranght problem. In addition, disc harrows
have the disadvantage of being relatively expensive, Details of these implements have
been given in an earlier chapter, :

' Secondary tillage can be carried out with tined or toothed tillage implements
provided that the vegetation is not too dense and that the moil has been cleared of
stumps and roots, This technique, whi¢h has certain advantages (lower draught effort),
could, in rice-growing, probably take the place of turning over the soil with the con-
ventional plough, when dry tillage has to be followed by other types of tillage on flcoded
ground.

Expanding hoes, as well as the muliicultivators and polycultivators already mention-
ed in an earlier chapter, are also suitable for the dry preparation of rice-fields which
will subsequently be flooded,

b) SURFACE TILLAGE EQUIPMENT

All-metal zig-zag type harrows are sometimes used for firal seed bed preparation
of rice-fields, either dry or under water, The frame is often made of wood and the teeih
are sometimes made locally; this is the case, in particular, in Madagascar, This design
of harrow can be turned over and used for smoothing,.




Rollers (weighted, clod—crushers etc.) can also be used for seed bed preparation
on dry ground but it must be recognised that their general application has so far been
hindered by their high cost,

3. " Puddling
The operation of "puddling” must comply with certain conditions:
- it must be carried out on very wet or
submerged soil, shortly before sowing or
~ transplanting
- it must cause = hardening of the plough pan,
Puddling is usually carried out with implements specially made for the purpose,

Nevertheless, scme of the implements already mentioned can be used on soil under
water even though ther were not originally designed for this purpose, It is meinly in

developments have been studied in other countries,
In this category of implements, we may mention:

a) IMPLEMENTS WITH FIXED WORKING PARTS

=~ The peg-tooth or comb-harrow, used throughout Asia, is pulled by one or two
buffaloes, The Malaysian type is 1.10 m wide and has 12 teeth 30 cm long., A steering
handle epables the implement to be lowered or raised as it is pulled along, to combine
kmeading and levelling, The tractive effort demanded is fairly high, The teeth are
generally round, of 3 to 4 cm diameter and made of wood; but they can also be metal,
They are then set closer together (Fig. 89),

The Burmese barrow, a variant of the former type, has a better designed draught
line which makes for easier handling and thus reduces the tractive effort required. By
removing the teeth, this implement is converted into a levelling board (Fig., 90).

These harrows have the advantage of being relatively inexpensive and light (about
20 kg for a width of 1 metre) and therefore easily transportable across country.

Fig. 89 - Comb-harrow

Fig. 80 - Burmese harrow, convertible
into levelling board by removal
of teeth

' " Asia that implements specially designéd for the purposé are found, but adaptations or-mew —
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— The "Spanish harrow" or Spanish board", also suitable for power mechanization,
This consistes of a float to which are attached a number of blades like miniature mould-

boards which loosen the earth, to knead it and produce the desired consistency known
as "mastic", The Spanish board also helps, by reason of its shape, to level the soil.

Several variants of it are to be fourd,

— The "ragirilla®™ ("Spanish harrow") is made up of & 1,50 toc 2 m long end 25 %o
30 ¢m wide float, under which are attached, by set screws, a single row of triangular
metal blzdes (apex forward). The blades are o tc 7 cm deep with a maximumlength of 25
to 30 cm, When uged for levelling, this iwpiemsnt is turned upside dowm,

Another type of harrow consists of 3 :~ows of curved metal blades, The rear row are
well clear of the edge of the float, Thes: blades are permancritly fixed to the platform
and are not bolted, The two outer blades »f the rear row are turned inwards so that
they are practically at right angles to all the other blades,

eeeeo ... The Acme harrow (an animal draught imrlement of American origin and traditionally
much used in Italy and in Spain) is entire.y made of metal, The frame iz made of three
intersecting bars; 2 rows of curved blades, a total of 12 or 13, are welded to the fronmi
and rear iron bars (Fig. 92-93).

Another type of Spanish harrow consis:is of a wooden floai about 2 m long and 30 to
35 cm wide, Spiral-shaped knives, 5 to § ocm wide and 315 cm long, are bolted to the rear
of the float 20 to 29 om apart. Smaller knives are interapersed with the big knives and
bolted about 5 c¢m from them and forming an angle with them open to the rear, The big
knives turn to the right on the right half of the float and to the left on the other
half, This implement ia therefore similer to the Italian wooden float harrow., On one
version of the herrow, vertical discs rigidly attached to a horizontal bar are substituted
for the small knives, A board may be on top of the working parts so that the operator
can ride on the implement.

In Ttaly, the "float-harrow" hes a working width of 2 10 3 m (in its horse—drawn
version). I+ has 2 rows of working parts which clear the rear of the float by a few
centimetres. The working partes are small shares of various shapes suited to the =oil
conditions of the rioe-fields and ars made by local :rtisans, These implements are
uwsed for puddling and are, therefore, used under water, but also on dry ground for final
seed bed preparstion and for levelling. These harrows somstimes consist of two linked
parts which enagle the operator, who rides on ome part, to Zomtrol the work via bandles
(Fige 94-95). :

In the Camargue, harrows known as "Italian boards™ have sometimes been used for
animal draught oultivation and subsequently have besn adapted for use with tractors,
These implements are derived from the float herrow used in Italy. They consist of a
wooden plank to which are fitted spirsl working parts 15 tc 25 om long and 5 to 12 cm
high., This plark may be 2 to 3 metres in length; it is sometimes linked to another
plank in fromt of it to-which mre attached the draught chains., Improvements have been
made to these "Italian floats", Scme are now made entirely of metal and are demigned
g0 that the mud camnot collect on Top, In the Camargue (with traotor u:ltivntiong?
these implements are practically only used for puddling where rice is transplamted,
whereas, in other coumiries, they are used more generally,
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. "
Fig. 91 - "Ragtrillan Spanish harrow

{seen from below)

Fig. 83 - Acme iype harrow

Fig. 92 -"Acme" Spanish
harrow

Fig. 94 - Italian
wooden float-
harrow
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Fig. 95 - Ttalian Wooden
float~harrow

Fig. 36 - 2-row blade harrow (Malagasy type)
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The blade harrow, developed in Madagascar, is similar to the Spanish harrows. It
has 2 or 3 rows of 5 1o 7 blades, attached to a wooden float which can be taken apart,
and so arrénged that the cut earth is kneeded; it may be fitted with a levelling board
:z.t the re)ear. This harrow weighs between 31 and 52 kg depending on the type of blades used
Fig. 96 -

b) ROTARY IMPLEMENTS

These have to work in a sufficient depth of water to prevent mud building up between
the working parta, The implements are either puddling rollers or rotary harrows,

Special puddling rollers of different types are used in Agia,

— Blade rollers, with metal or wooden frames to which are attached 10 to 15 em
blades, which are fitted at the cenire of a frame for working in paddy fieldse,

- Traditional wooden rollers with 6 longitudinal 10 cm deep grooves, They are about
1,80m wide and can be drawn by an ox or a buffalo,

— Harrow-roilers are used in Formosa. They consist of a 60 cm diameter, 1,60 to
2,70 m long roller with 8 to 10 om wide paddles on its circumference., The action of the
paddles kneads the soil, as well as burying any weeds which may have escaped earlier
ploughing,

="Puddling" rollers have been developed in Madagascar since 1962, They are mainty
based on the operating principle of the cage—wheels fitted to certain tractors., In certain
cases, they enable puddling operations to be carried out in rice-fields without ploughing
before-hand. These implements were initially designed to replace the traditional puddling
of the rice-fields by oxen, They are simple but effective requiring only a single pair
of oxen and capable of working in small rice-fields of 2~y shape, The implement has a
working width of about 0.80 m and weighs about 160 kg. The working parts are 50 mm angle
iron cleats(a total of 88 on one version)} 15 cm long welded to 16 35 mm angle iron cross
members at right angles to the direction of advance and themselves welded to 3 metal
wheels (Fig. 97).

This type of roller gives good results in relatively light soil, Unploughed ground
needs to be worked over 7 to 10 {imes which meamns 14 to 20 ox-days' work per hectare
instead of 60 %o 80 with traditional puddling, In Spain, epecially designed rotary instrum
ents have only been in use for a few years,

— One type of puddling machine made in Spain, consists of & 1,50 m long by 30 cm wide
wooden plate carrying a platform 40 to 45 cm above it for the driver, To this assembly,
towards the rear, is fitted, via adjustable linked metal parts, a hollow roller similar,
in fact, to a cage-wheel, This roller consists of 4 or 5 metal blades 5 cm in width welded
at each end to two thin discs and held inside by two or three welded rings. The blades
are inclined in the direction of rotation, In certain cases, this implement may be used
back to fromt, i,e, with the roller in front, A simple adjustment enables the working
depth to be varied, The draught effort is applied via two ringe attached to the lower
plate (Fig. 98).
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fig. 88 - Disc harrow
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« Another wider type has 2 co~axial rollers 90 cm wide and 35 cm in diameter, At
the ends, the two discs are replaced by two adjustable wooden shoes by which the working
depth can be contrplled.

Rotary harrows (or rotary hoes) of various types are also used for the puddling of
rice-fields,

- The type most generally used in the Far East consists of: at the rear, a row of
fixed teeth and, at the front, several rows of siraight or curved teeth attached to the
circumference of a rotating hub, The teeth are either metal or wooden,

- A rotary disc harrow has been developed in Japan (CECOCO) for animal draught. It
has 6 or 8 curved cut away disce, of 30 to 40 cm diameter and spaced at intervals of about
20 centimetres sn two shafts arranged in 2 V, A 90 cm wide harrow (6 discs) only weighs
25 kg and can be pulled by a single animal, This type of implement is pariticularly useful
for very grassy rice-fields since the discs out up the vegetable matter and mix it effecw
tively with the earth, Two or three runs are usually sufficient for proper puddling.

They are said to be capable of carrying out one run covering 1 to 1,5 hectares per day

(Figo 83 ) .

— The toothed roller harrows (which we have already mentioned) have curved metal
teeth attached to a solid metal hub; a series of these hubs at 15 cm intervals rctates
on a single shaft, These implements are widely used as clod-breakers in dry culiivation,
but it would appear that they are also suitable for puddling,

- A type of rotary harrow hag been developed in Madagescar made entirely of metal,
1.30 m wide and weighing 80 kg, without concrete ballast; it has 45 teeth made of 45 mm
angle iron with 5 teeth per hub, Emch tooth iz 32 em long and its tip is forked and
curved so ag to increase the puddling effert, The 9 hubs are mounted on a single shaft;
the teeth of two successive hubs are staggered,

Pig, 100 - "Carret del favo" -~ Spanish disc
harrow

A type of disc harrow which cannot be
claseified among the rollersor

harrows, appears to be very widespread in
Spain, Thise is known as the "carret del
favot, It is 1,5 to 2 m wide and has two
paralle? metal shafts about 30 cm apart,
Each shaft carries 7 to 8 dises, or 6 fo 7,
flat discs, 35 to 40 cm in diameter set 20
cm apart and exactly at right angles to the

Fig. 100 "cCarret ael favo'l' shaft carrying them, The discs of the two
Spanish disc harrow rows are staggered., A4 platform on which
: the driver rides is fitted over the top of
the discs,

This implement may be used in dry conditions or in water, particularly for “discing"in
green manure which has preferably been flattened or mown beforehand (FIg, 100),
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The rotary implementis for wse with animal draught and thereford not power—drivem,are
worthy of special attention, They are suitable for the puddling of rice-fields since,
without breaking the plough pan, they chop up and bury the vegetable matter satisfactorily,
In addition, they have the advantage of being simple (local manufacture possible), relat—
ively inexpensive and only need rela.tively limited draught effort, Co-ordinated rssearch
and trials are uneeded in this field in order to develop implements suitable for wvarious
types of soil and for types of animals,




v
PRECIBION SO ING - TRANSPLANTING —~ ERCADCAST SOWING

Logically, this chapter should stert with broadcast mowing, Unfortunately the various
types of broadcasters are, for a variety of reasons, hardly used at all in the countries
in which we are interested. Of the various types of sowing and planting equipment, only
the single row planters are used in appreciable numbers in Africs,

A) SOWING IMFLEMENTS

Sowing is the most important agricultural work after seil preparation, Indeed, the
correct timing and the way in which it is carried out have a profound influence on
germination and on the growth of ihe seedlings and the posaibility of being able to do
the weeding at the appropriate time, and in consegquence, on the yield,

There are various types of implements for sowing or making sowing easier: furrow
openers, dibbling wheels, broadcasi sowers, multi-row seed drillsfor large scale cultiv=
astion, and single row precision plenters,

1) Sowing preperation implements
a) THE FURROW OPENERS OR MARKFRS

The purpose of the furrow opeper is, on the one hand to mark out the rows along which
the seed will be sown and, on the other, to form & shallow furrow, of variable depth, in
which the seeds are mown by hand,

The main interest of this implement is that it facilitates sowing in parallel lines,
thus permitting subsequent crop maintenance with animal draught implements,

Furrow openers or markers can be made of local materials (a baulk of timber with
"wedges" at the desired intervals, two handles ai the rear and & harnessing attachment
at the front). They can also be one of the unit attachments for fitting to multipurpose
tool carriers; in this latter caese, the tines can be set at various spacings by means of
gliding clamps or U bolts (Fig., 101-102). To achieve satisfactory results, these im—
plements require a very carefully prepared seed bed, particularly in clay soils,

) THE MARKFR WHEEL FOR DIBELINU

Like the furrow opener, the marker wheel is used to mark out sowing lines along the
ground, But, in this capse, the lines are not contiruous and the holes made are used for
sowing in clusters,

It consiats of a series of metal wheels {wheelbarrow type), a varying number of which
are mounted on & shaft, Flat iron lugs are welded to the rims of the wheels at predet.
ermined intervals, Row epacing oan be fixed or variahle, The implement is completed by
a clevis at tha front amd, pozsikly, a box for Lallast welgits (Fig, 103).

—eadayy
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2) Sowing implements
a) THE BROADCAST SOWFR

Particularly intended for sowing forage crop seeds, this ie hardly uweed at all in
Africa, Broadcast sowing of cereals is not recommended here, It could however be considw
ered for sowing rice in nursery plots, but, in this case, the seed is usually sown by
means of a hand broadcasting tool, because of the small areas to be covered and of working
conditions (sowing in wet mud), or else for sowing cover crops (Fig. 104).

b) SEED DRILLS

Seed drille place the seeds in small parallel furrows opened in the seed-bed, and
then covering them with earth 1%,

Sowing in rows has the following advantages over broadcast sowings:

the depth at which the seed is buried can be regulated
even distribution of seed

economy of seed (about 30%)

better root development

aeration and insolation of the base of the stems
subsequent use of weed control implements is possible,

i

Sowing in parallel rows can be achieved by means of multirow seed drille or single row
planters,

b-1) MULTI~-ROW SEED DRILLS

These usually ne~d a draught effort which is too great for local draught animals
and are therefore hardly used at all, with the exception of the narrowest versions
which are sometimes used in rice growing,

We may mention, in passing, the moat rudimentary of the Chinese rice sseders, whome
use goes back for over 2,000 years and is still in ure now. It is made entirely of wood
and its system of operation is as follows: an agitator consisting of a bamboo rod,
vibrated by a pendulum (a stone on a cord) passes through a shutter at the bottom of
the hopper, and by means of this vibratory movement, causes the paddy to flow into the
seed tubes,

Multi-row seed drills have three main parts: the hopper, the distribution components
and the burying components (Fig, 105).

- The hopper, preferably metal because of climatic and parasitic action, has an
agitator at the bottow (which is funnel-shaped),

— The distribution components are fitted to the bottom of ‘the hopper,

#* Exceptionally, when sowing rice in paddies, covering the seeds ia not recommended,
they should simply be epread or the surface of the scil, We should alaoc note that
cereal seed drills are only suitable for sowing on dry ground,
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Many types of feed mechanism are svaileble on the market, In tropical Africa, the
few types most generally used are fluted roller seed metering devices, Studded roller
or spur iype seed metering devices may also be found B,

With fluted roller distributien, either straight or spiral, each unit is rontained
in a housing comnected to the lower part of the hopper and to the seed tube, The peeds
go from the hopper to the tube or spout via the grooves of the fluted roller: +this is
known as forcefeed distribution, To regulate the flow, it is sufficient to vary the
groove's length by sliding the cylinder in its housing, or again, to elter the speed of
rotation of the roller by means of a 2 or 3 speed gear-box or by interchangeable pinions
or eprockets (Fig, 106),

Studder roller distribution (Fig,107) ie done by rollers with & double row of
studs. The seeds are pushed through without being enclosed in a reetricted space, as
in the preceding case, sc tiat there is no risk of the seeds being troken; +the flow is
regulated by varying the speed of rot#tion of the studded roller by means of & gear<box
with up to 80 combinations, The fairly high ooet prioe of this gear-box has so far
prevented the use of this distribution system for animal draught seed drille used in
Africa, It is sometimes possible to change the sprocket cylinder shaft,

~ The seed placement components known &s cowlters or "shoes", consisting primarily
of hoe couliers or discs, are used to open a small furrow, at the bottom of which the
seed is deposited and, possibly, covered over by meanz of & variety of devices (small

Ehain dra§ged along the ground, small light harrow tines or tecth, small press wheel)
Fig. 108 'y

Discs are recommended in stony or rough ground; they need less draught effort but
are more difficult to maintain than hoe coulters (daily greasing necessary) (Fig., 109).

USE OF TI-ROW SEED DRILLS

- Adjustment of seed placement components
The distance between rows is adjusted either by closing off a certain number of

seed distribution units or by moving the couvlter or diso arms attached to a cross-member
of the chassis by sliding sleeves, or the two methods together,

Adjustment of depth of sowing is done by putting different wéights on the lever
arm or by adjusting the varimble pressure coil springs.

~ Adjustment of rate of seeding

The sowing charts supplied by the manufacturers only give very approximate informatim
on the choioce of precise settings, It is recommended thai the rate of mowing be checked
using the aoctual seeds to be aown,

The recommended checking method is as follows:

= Adjust the seed diatribution in accordance with the information provided by
the manufacturer,

% Am also may cup feed mechanisms, which are simple and accurate (Fig. 105a)
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~ Jack up the chassis so that the main driving wheel through which the seed
distribution system is actuated may be turned by hand,

— Set the gpecial feed throughto the emptying position so that the seeds may
be collected as they pass through the feed mechanism (if there is no trough,
put a container or & sheet to catch the seeds under the seed tubes and coulters),

— Measure the circumference of the wheel, e.g. C metres.
If the working width is L metres, the area sown in square metres for one turn of the

wheel is: C x L, The mimber of wheel turns for cne hectare (NT Ma) is therefores

13,000
CxL

~ To obimin the actunl flow carry out the trial with say 100 turns. Weigh the
seed collected, The rate of sowing will then be %%%g or 10,000 /100
CxL

NTH=

~ If the actual flow is not the same as the desired flow, start the trial again
with a different flow adjustment,

- When working, seed drill must be driven absolutely straight, It is advisable
to watch the contents of the hopper and the functioning of each distributing
mechanism and also the seed coulters.

b-2) Single row precision seed-planters

Unlike the ordinary seed drills which sow relatively irregularly and not seed by
seed, the precision seed planters are designed to let the seeds fall regulerly, one by one,
at fairly constani intervals, Furthermore, the height from which the seeds fall is very
small {(a few centimetres) to prevent them bouncing or rolling along the bottom of the furrow
(Fig. 110-111),

The diestribution system is chain driven either by the main wheels or by the
planter's press wheel,

These seed planters have, in addition, other components attached to the frame: a
coulter at the front, fingers to cover over the seed, a seed_coulter (shoe or blade) and
a marker, hinged to the rear frame, whose purpose is to mark the next row,

Among the many types of seed planters, the most widespresd in tropical Africa are
the inclined plane distribution planters, the horizontsl plate planters and (particularly
in English-speaking Africa) the vertical drum planters, also known as wheel-feed planters,

b-21) Inclined plane pisnters

These are mainly wsed for delicate seeds, particularly ground-nute., 4 distribution
disc inclined at about €0° rotatee on one of the inner sides of the hopper. This disc has
slots in it oorresponding to the eize of the seeds to be sown, The disc is sometimes
replaced by a star wheel with cups (for sowing millet) (fig, 112),

Eack slot catches a peed as it passem the botiom of the hopper and releases it at
the top of ite travel, The seed then falls freely into & seed tube, The spacing of the
geeds is adjusted by altering the speed of rotation of the disc (by means of inmterw
changeable pinions or sprockete), or by changing discs (with varying numbers of slots),
or by the two methods together, The free fall of the peeds down the tube is about 25 to
¥ com, '
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b-22) Horizonisl plate seed planter

A horizontal plate, with spaces or slote round its rim, rotates at the bottom of a
¢ylindrical hopper, The seeds fall into these spaces and are carried round by the plate
to the mouth of the seed tube, near which is an ejection device which discards excess
seeds {Fig, 113),

Seed spacing is again achieved by adjusting the speed of the plate or by using
plates with different numbers of slots,

The risk of crushing delicate and uneven size seeda is greater than with the
previous type.

b-23) Vertioal drum planters or wheel feed planters

A drum rolling on the ground acte as the source of supply; the seeds escape through
calibrated holes on its ciroumferinoe, A furrow opener and seed ooverer move forward
with the drun. The spacing between the seeds, or olusters, cannot be altered (Fig. 114).

A disadvantage of this type of seed planter is the small size of ithe hopper and gaps
in the rows resulting from the drum not turming properly.

COMMENT - Various arrangements ere possible with each type of planter; conventional (2
wheela and handles); simplified planter wnits for fitting to a multipurpose tool bar;
arched type for sowing on ridges; etc,

USE OF SEED PLANTERS

Two planters can be hitched together by means of a hitch-bar, or two or more
unite can be fitted on a multipurpose frame, in order to make better use of the power of
the animals available,

The normal a.djustmenté of planters are as followa:

- Bovwing depth, by adjusting the ssed coulter or shoe;
- row width by adjusting the marker,

While working, keep & watch on hopper contents, the good functioning of the seed
distribution system and driving ie a straight line,

3) MRANSPLATING IMPLEMENTS

Thig category of implement covers equipment for planting tubers and for transplani-
iug seedlings. The former are a+. present practically unknown in Africa; while the use of
the second type is still very little developed,

TRANSFLANTING IMPLENENTS

These could be used for planting sisal seedlings and for transplanting cassava
cuttings (power machines are already used for these purposes), Their use could also be
justified on some big tobacco plantations,




149

Fig. 113 - Horizontal plate seed distribution system

Fig. 114 - Rotating drum planter Fig. 115 - Transplantin
wnits fitted to a ) implements ¢

multipurpose bar
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frg. 115 a - Planter for tubers

Fig. 116 -
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The main components of the simplest transplating implements are two discs which
grip the seedlings fed to them simply by a person carried by the implement, These discs
are either both made of thin sheet steel, or one of steel and ithe other of rubber, The
seedlings are freed, after about half a turn, in a furrow usually made by ridging tools
and immediately closed and pressed by the appropriate componenets (preaa wheels). Correct
spaging is achieved either by an indicator on the disc or by the ringing of a bell (Fig,
115)}.

In another system, the discs are.replaced by wheels fitted with grips round the
circumference which close automatically at the top 2nd open as they reach the bottom by
means of a cam.

Most of the transplanters are multipurpose implements. Simply by changing a few
parts, they can be turned into tuber planters etc. (Fig,.115a),

As regards rice, research has been carried on for some years into animal draught
transplanting implements for working ir water both in Burope (Italy)and in Asia (China,
Japan), Until recently, nome has given really satisfactory results, except in China,
where it is understood, from the little information available, that the use of this type
of machine may have gone beyond the experimental stage.

The simplest {ransplanting implement pulled by draught animales comsists of a sled,
carrying both operators and seedlings (runners under the sled make the rows), Trials with
this latter type of implement, pulled by oxen, were carried out in Italy between 1928 and

techni .
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C) FERTILISER SPREADING IMPLEMENTS

There is a very wide range of animal draught equipment for spreading fertilizer,
because the material to be spread is very varied and becazuse the quantities to be applied
may be very different, The following distinctions are made, depending on the kind of
material to be spread:

Distributors for spreading chemical fertiliser;

Distributors of liguid fertilisers, in particular liquid manure;

Distributors of soil improvers;
-~ Farm-iard manure spreaders,

The last three types are hardly used at all in tropical Africa, As regardas
distributors of chemical fertiliers, the following simplified classification may be
made:

By distribution systems: - distributors with openings: augers,
slotted plates, chains;
~ movable floor distributors: moving
floor, plate type;
- centrifugal distributors.
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By spreading method: - broadcast;
- fertilizer "placement",

We shall only discuss those types of disiributors which are used to some extent in
tropical Africa, i,e., sugar distributors, plate type distributors, centrifugal epresders,
and fertilizer placement distributors,

We should however alsoc mention a locally made Spanish implement, designed to
facilitate hand spreading of fertilizer in rice-fields, whose use could possibly be
extended in Africa, It consists of a special sled with a fertilizer container pulled
by draught animals, The operator stands at the rear of the sled and spreads the fertilizer
by hand, driving the animals at the same time, The curved front of the sled @znables )
bunds to be crossed (Fig, 116),

T——

1)} Auger type spreaders

These are fitted with & cast iron or plastic auger attached to a square shaft,
Rotation of the auger placed on the bottom of the fertilizer hopper, forces the product
towards a series of openings or slits, An agitator is generally fitted in the hopper
(Fig. 117).

Rate of flow is regulated either by the speed of rotation of the auger ahaft or by
the size of the openings which are controlled by an adjustable shutter,

2) Plate iype spreaders

A series of horizontal dished plates is fitted at the base of the distributor and
are rotated at uniform speed, The fertilizer cerried round by the plates is discharged
by flicker type fingers fed by a deflector {Fig, 118-119),

Flow is regulated by changing the speed of rotation of the plates and by altering
by means of & shutter the amount of fertilizer fed onic the plates.
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Fig. 117 - Auger type distributor

Fig. 119 -

Flate type distributor
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3) Centrifugal distributors

The fertilizer is contained in & hepper, which is generally cone or pyramid shaped,
and flows out of the bottom whence it is scattered over a width of several metres by
means of a device consisting usually of one or two horizontal disce fitted with paddles
and rotated at high spead (500 to $30 rpm) (Fig. 104),

The delivery per hectare depends on the setting of the feed opening (graduated
indicator) and the consistency of the fertilizer (density, grain size, degree of humidity),

These centrifvsml distributors are sometimes used for the broadcast sowing of cereals
or seed for forage,

4) Placemen: fertilizer distributors

We shall only deal here with placement of solid chemical fertilizers, Placement may
1lso be of value for liquid fertilizers, insecticides and fungicides and, finally,
1erbicides (solid or liquid) and that it can be done either on the surface or at a certain
depth,

The placement of fertilizers consists in putting them close to the roots of the
plants, with the dual purpose of providing the cultivated plants with an immediate
reserve of food {without encouraging the weeds) and of making savings both in the amount
of fertilizer added to the soil and in manpower, since this placement is often associated
with another cultivation operation (Fig. 120},

Fertilizer placement at the same time as sowing is beginning to be applied with
ground-nuts and, to some extent, with cotton, Two main types of seed planter with
fertilizer placement attachment are now sometimes found in tropical Africa; for surface
rlacement and for shallow depth placement,

The first consists of a metal hopper whose trough-shaped bottom has two openings,
The fertilizer is forced, by paddies on a shaft, towards calibrated openings (inter—
changeable plates with openings of different sizes enable the delivery of the fertilizer
to be adjusted at will)., The fertilizer falls either side of the row of seeds and is

incorporated into the soil by means of two small shares carried on the planter frame (Fig.
121),

The second type is fitted with a studded roller type distribution system and burying
components ahead of the seed couwlter, consisting of two small and very narrow shares whose

depth can be adjusted as desired (Pig. 111},

There are also fertilizer placement attachments fitted to a hoe, solely for
granulated fertilizers (Fig. 122},

5) Fertilizer placement in arboriculture

The normal placement at depth with this kind of cultivetion cammot be cone with
animal draught implements. In view of the considerable draught power required, the only
remaining possibility is surface placement of fertilizer,

The example of coffee plantations, with cover plants sown between the rows, shown
the value of thia type of distributor which enables the fertilizer to be placed either
side of the cover plants thus only benefiting the coffee-ghrubs.
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These placement distributors, with a variety of feed systems, are distinguished
by their small woTking width and by oné or two inter-changeable sheet metal spouts for
directing the fertilizer towards the shrubs (fig. 123).

6)  Maintenance of fertilizer digtributors

Fertiliser distributors need careful maintenance, Being corrosive to a greater
or lesser degree, the fertilisers attack all the metal parts.

It is therefore essential to wash the hopper and the distributor copiously with
water as goon as spreading is finished. If the distributor is to remain unused for
a fairly long time it is advisable, after washing and scraping, to oil all the metal
parts.

VI

EQUIPMENT FOR WEED CONTROL AND CROP PROTECTION

A. GCENERAL REMARKS

Removal of weeds hindering the growth of sown crops has a vital effect on yields,
With annual rainfed tropical crops, competition from weeds reaches a degree of intensity
quite unknown in temperate countries. The reasons for this are guite simple.

With rainfed tropical crops, the farmers can rarely work the soil sufficiently
before sowing to have much effect on the growth of weeds and thus limit their density
in comparison with the sown cTop. On the one hand, the tillage equipment available
is generally very rudimentary. On the other, even with adequate equipment for
primary tillage of the soil, the hardness of the ground at the end of the dry season
often prevents ploughing sufficiently early before sowing for it to be possible to
Plough a second time or even to follow up with effective seedbed prepration operations.
Particularly with the heaviest African clay soils, the possibility of plaughing after
the harvest, at the end of the rainy season, or at the beginning of the dry season, is
very limited, certainly if only animal draught ploughs are available, which is atill
nearly always the case.

The second very important factor concerning the invagion of crops by weeds is that
these develop at an alarming rate, the climatic conditions being very favourable to
them 23 scon as the rainy season starts,.

Thirdly, African farmers everywhere have a tendency to sow the maximum poassible
area, allowing the minimum possible time per unit area for ploughing, secondary
tillage and sowing; this is because they have not yet generally advanced beyond the
concept of extensive agriculture, characterised, in particular, by the low density of
gsowing. A3 a result tbhair crops always tend to be smothered by heavy weed growth;
the more so becmuse they try to take maximum advantage of the favourable sowing pariod
before underteking hand weeding of the earliest plots sown,

Like rainy season crops, rice irrigated by flooding is extremely semsitive to
weed control, Despite the powerful destructive effect of flooding on cerisin kinds
of weeds, pa~ticularly when there is full water control, the rice yield may, in certain
cases, be reduced by 40% through lack of weeding.
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Weeding operations using draught animals should, under certain conditions, be
able to prevent the usual heavy orop logses. Weeding operations, however, are really
just one of a whole series of intensive cultivetion techniques which way effect the
use of draught animals, a3 well as crop yielda,

Among these techniques, chemical crop protection is especially important and may,
on occasion, be carried out with equipment pulled by draught animals,

Weeds need to be controlled at various stages in the cropping cycle, namely:
gt the primary ploughing stage; during the secondary tillage and ssedbed preparation
stage; and after sowing during the various stages of crop growth,

THE SOIL

The physical composition of the soil gives it a particular structure, which ie
infiuenced by previcus cultivation operations and by the season of the year, Mechanical
weed control is curisiderably affected by the specific resistance of the soil to
the working parts of the implementa. In flooded rice cultivation, this resistance is
rormally fairly low since the work is being carried out in mud or under water and
particularly becauss the soil of the rice—~field has been carefully surface-worked

before transplanting.

In any case, the effect of tillage operations before sowing is of wital importances
It will not always be posgsible to carry out mechanical weed control with animal
draught implements where the sc¢il preparation has congisted only of wvery rough clear-
ance work,

The soil to be tilled may be flat, in ridges or in mounds. Land which is in mounds
is quite unsuited to draught cultivation because the mounds are liable to be irregularly
distributed and much too big {for example, the mounds of yams may be 50 to 60 cm high).

Sowing on "flat" ground is the normal practice in Africa. Ridges made befors
gowing are only found in limited areas where making them may be the only cultivation
work carried out before sowing.

The ridges may, for example, be 90 cm apart and 25 to.30 cm high (ground-nuts,
cotton, etc.?? Growing crops on ridges has an important advantage after sowing in
that it makes it easy for the draught animals to follow the rows of plants, which, with
flat cultivation, are hidden by the weeds, Animal draught weed control operatiems
may thus be carried out as soon as the crop appears above ground.

On flat ground, on the contrary, the crops sown in rows havs an appearance much
the same as broadcast sown crops, in that the rows canmot be seen being hidden by
weads,

Transplanted rice has a considerable start over the weeds but the first weeding
should not be too much delayed. The rows are easy to see if the gesdlings are planted
out in rows.

THE CROPS

Generally speaking, annual cropa can be broadcast or sown in rows. It must be
remembered that sowing in rows does not Necessarily involve the use of & planter, as
for instance cotton for which no planter was, until recently, used in Africa and
gimilarly ground-nuts &nd millet in FRiger. We mentioned, earlier, markers and marker
wvhesls for animal draught. They can aigo be designed for use by hand. This 1s the
cage of the multi-wheel markers of the Far Fast which permit rice tc be transplanted
in aquare plots.
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Sowing in rows is not, however, an absolutely essential preliminary to any
mechanized weeding operation. There are special "harrows" (weeders, chain-harrows
and rotarTy hoea) which can be used "in all directions", shortly after the sown crops
show above ground, These will uproot many of the weeds — provided that the sowing
was done on clean ground, in which the weeds have been prevented from getting a start
over the sown crop. This tillage, which applies equally to broadcast sown and certain
row planted crops, quickly becomes impossible as the cropa develop, For any later
weeding, it is essential to sow in rows. In practice, this means using a marker when
& single row seeder is used,

Similarly, direct sown submerged rice is sometimes treated against weeds (in
Ceylon) by means of a levelling board or a harrow frame under water shortly after the
geeds gprout, At three or four weeks the rice may also Le weeded and thinned by
means of a harrow,

At present, in Frenchegpeaking Africa, draught anlmals for weeu. control are used
for relatively few crops. Suoh meohaniged weeding could undoubtedly be advantageous
for the following oropsy at least durlng the sarly stages of their growth: ground-nuts,
cotton, millet, morghum, cassave, sesame, beans, earth peas and rainfed rice., TFurther-
more, the weeding of irrigated rice transplanted in rows is sometimes, in certain parts
of Agim, done with anima] draught implements., There are certain implements which
could usefully be introduced for this purpose in Africa.

The gpacing between rows is obviously very important for maintenance work, It
would be desirable, ag far as possible, for the same spacing to be used for all the
ma&in crope, in order to simplify the design of the equipment used for weeding, provided
that the system of twin rows for high density sowing is asdopted.

Furthermore, in Africa two crops are often sown together, particularly ground-nuts
and other leguminous crops, with millet. Generally apeaking these combined crops are
wvery difficult to weed mechanically because of the narrow space between rows, except
in cases where this has been taken into ascoount during sowing =~ which does not so far
seem tobe the zase in any country,

Woeding operatione become less necessary ag the cultivated planis cover the
ground, but, in all cases, several runs are seggential to ensure proper weed control
during the whole growth pericd. Spacing between rows is an important factor in this.

METHODS OF WEED CONTROL

Harrowing, mentioned above, uproots young weeds by pushing them along parallel
to the ground,

Other methods include howing, scarifying and earthing up., In eddition, animal
draught "rotary weeders" for rice growing in water do an uprooting and reburying
Job under very different conditions. Bladed roller "bush breakers" can help to keep
weeds under control in arboriculture (cover crops and natural Tregrowth plants).

Some types of hoe have wide and flat cutting blades, These, in theory, attack
weeds cnly and only disturb the soil a little, In addition to their action agailnst
weads, they destory the capillary cenalsa.

Other types of hoes are aimed at tillage of the surface layer of the soil, Its
purpose is to give this gection of the soil a particular consistency to allow rain to
penetrate easily {poasibly by breaking the crust).
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_ It therefore reduces the rigks of erosion by run-off and favours root growth in
the surface soil, at the same time as it aerates it. The working depth of the soil
engaging parts is relatively shallow in order to avoid. loosening the soil to such an
extent that it is attacked by rainwater thus causing erosion, This type of hoe is

fitted with narrow and more or less vertical working parts.

Flat weeder blades are often combined together with narrow tines or points.
Rarely is it attempted to destroy the weeds without disturting the soil st all.
Indeed, propagation by cuttings and regrowth from roots occurs very quickly in the
rainy season if the weeds ars not upreooted.

In relation to the width worked, flat working parts offer very little resistance
to forward movement, so that speedy work can be carried out with little draught effort.
Weeding with these implementa can be very effective under gopd conditions, On the
other hand, it is often difficult to keep the working parts at a steady depth = as
also applies to ground-nut lifters, and they sometimes also have a tendency to drift
sideways because of differences in the hardness of the eoil and because of obstacles.
They are difficult to use in goil which hag not been properly worked to provide a good
seedbed, In addition, the frames used for animal draught cultivation do not always
remain perfaectly horizontal while working and it sppears that, generally gpeaking, the
working parts heve a tendency to dig in too much, thus working at excessive depth
(5 to 6 cm instead of 2 to 3 cm), A surface slice of earth is thus cut off,

Tined working parts, with their steep angle of entry naturally offer greater
resistance. They are easier to keep to the correct depth and are generally more
stable; in certain cases, ground which hes not been prepared hefore seeding can he
worked with hoes fitted with tines.

Mechani zed weeding and hoeing always leave unweeded strips of wvarying width
either side of the plant which must be weeded or hoed by hand. These operations
leave the cut or uprooted weeds on the surface, This may be an advantage from the
point of view of protecting the soil against water run—off (formation of crust and
run—off) but the vegetable waste not dug in hag little chance of decomposing usefully
for the cultivated plants,

Surface hoeing and weeding must be done when conditions are favourable, i.e. after
rain and on partislly re-dried ground (at most, two days after the rain, i.,e. at the
moment when weeds are starting to germinate).

The crumbling of the soil produced by surface working parts is geneoally such
that the next rain produces & glazing effect which hinders water absorption end causes
violent run~off in the furrows left by the working parts, The resulting ercsion may
be serious,

Furthermore, in certain cases, it has been found that weeding in a clay soil,
necessarily done in very wet ground, produces an impervious hard pan.

It may be possible to overcome this problem by combining flat weeding with re-
latively deep hoeing, using rigid tined working parts.

This ggarifying with narrow teeth, is similar in principle though less deep than
work carried out with a sub-goiler. It is one way of working the goll durlng crop
growth which does not disperse the sovil particles nor form & fough pan as would the
wide deep-penatrating share of a hoe,
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Finally, earthing up can be carried out when the crop has been sown on flat
ground and the ridges mads before sowing can be raised again during growth of the
crop,

Earthing up during growth from flat secil is generally easier, as a msult of the
dampnesg of the ground, than doing so befere sowing, particularly asg it is not
generally done until the growing plants have developed appreciably. We have already
dealt with earthing up in an earlier section.

Building up the ridges, and at the same tims deepening the furrow, will put more
earth on the sides of the ridges. In order to be effective, this requires a wider
working implement than that used just for ridging. Without a wider set body, the
ridge would be widened but its top surface would not be covered with fresh earth and
the weeds there would not be stifled or destroyed., Ridging or ridge building can
be followed by tillage with an animal draught hoe (weeding, hoeing)} in the row gaps,
together with hand hoeing of the ridges. Some animal draught hoes or multipurpose
frames, fitted with appropriate multiple working parts, should in theory be capable
of ridge maintenance at the same time as intercultivation,

Barthing up helps to bury the weeds, whether uprooted or not, and their incor-
poration in the ridge. Under certain conditions, if the ridges are intelligently
built on the contour, it may also help the fight against water erosion and provide
good drainage to the soil where the roots are growing. On the other hand, whatever
the conaistency of the soil, earthing up demands much more energy than that required
by other types of weed control work, meaning either more powerful draught animals or
more repeat runs,

Rotary weed control implements, such as Japanese type weeders and rotary hoes,
combine weeding by uprooting with surface hoeing (particularly the rotary hoes),
In addition, the rotary weeders bury the weeds to some extent in the surface layer
of ligquid mud in which they work.

As regards the rotary ghrub-clearers, consisting of rollers with radial or tan-
gential blades, these are capable of cutting back vegetation which is not too woody
by arushing the stalks and cutting them at regular intervals, They also scarify the
soil to some extent, at the same time as partially incorporsting the vegetation, if
it is not too dense.

CROF PROTECTICR

Implements designed for animal draught can be used for spraying (by pressure or
pneumatic) or dusting of low or bushy annual crops, or shrubs., Those which work
solely by animal draught (the moving parts being driven by the main wheels) are
designed for a fairly high speed of travel, at the pace of strong horses. When
ox draught is intended, an auxiliary engine for the pump or fan is probably prefer-
able,

Some of these implements are particularly simple and relatively inexpensive.
Generally speaking, however, they can only be used sconomically on big snough areas
covering several family farms.

Dusting does not at present sppear to be of interest for low crops in most
tropical regions., It may with advantage be replaced by spraying which results in
more lasting deposits of the active component, and thus more resiatant to rain,
Dusting la, howsever, used on cotton plants in certein dry areas of Central and South
tmerica.
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Spraying can be used for treatment with imsecticides, fungicides and herbicides,
and possibly, also, for spreading liquid fertilizer, The implements for use with
animal dreught are designed for the treatment either of low ¢ropa or of shrubs.

METHOD OF HITCEING WEEDING HOE BEHIND DRAUGHT ANIMALS

There are thres different methods of hitching up implements for inter—row weading
operations. TUsing one animal only, & hoe is hitched directly behind the animal as it
walks down the row between 2 rows of growing plants. The height of the growing plant
presents no problem, ‘

If two animals are used with a centrally attached weeding hos (short yoke) then
the implement has to bridge one row of the growing crop. This type of implement cen
be used only as long as the height of the growing crop is below the height of the
frame of the implement that bridges the growing crop. Alternatively the hoe can be
hitched to a pair of animals, with the hoe following directly behind one animal,

Or the hoe may be hitched to follow in an inbetween row, with the animals walking
on either side (long yoke).

It is rare to find animal draught implements for the simultanesus tillage of mors
than one row. Some multipurpose frames, however, make it possible to weed/hoe two
Tows , with cotton for example at 0.B0 m spacing or even millet with 1 m spacing.
In this case, it is essential that successive rows be parallel and it would be inadequate

merely for this to apply to two adjacent rows (as might be the case with a 2-row seeder
without marker).

The use, in paddy rice-growing; of & multi-wheel marker in two directions at right
angles to each other, permits such accurate transplanting that animal draught tillage
ipplements can be used in both these directions, thus considerably reducing the work
left to be done by hand.

B, SOME TECHNICAL DETAILS ON EQUIFMENT

WORKING PARTS

Weed control is carried out by means of working parts dtached to tines or to stays.
These may be multipurpose frames which we have already discussed,. or "hoe" frames,
- For chemical crop protection, special frames, which may have to bridge the growing
crop sre needed, or slse ordinary carts with special equipment.

A very wide variety of working parts is produced by specialised manufacturers but
rerts may also be adapted from equipment supplied by the major manufacturers of agri-
cultural equipment.

Thera are a number of similar types of weeding hoes with often only slight varia-
tions in the working parts used for the different types of inter—row cultivating
operations.

For weeding, use is made either of blades or sweeps parallel to the ground, or

“angle bl?des“ or sweeps or else traingular parts {fig. 124) (auckfoot or shovel pointe
on blades).
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Fig. 124

Fig. 125
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Fig. 126

Fig. 127 Fig. 128
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The angle blades are essentially assymmetriczl and work on only one side of the
tine or stay to which tkey are attached. They very in length {e.g. 12 to 40 cm) and in
width. In addition, the angle of work in relation to the line of forward movement is
variable with different models. Some have a back piece of varying size, consiating
of a vertical part attached to the tine or stay which may serve to push the weeded
vegetation to one side.

The triangular shares are also known as duckfoot or shovel blades (shovel points
if they are narrow) and may be "straight=shouldered,"i.e. forming an equilateral tri-
angle, or elge they may have one half blade longer than the other, They are then
called "sweeps". Their working width may, for example, reach 15 to 50 cm (or more).
They can be completely flat or, which is more usual, the two halves of the share, of
?qual sizg, form a very wide angle (sc that the passage of the share lifts the earth)

fig. 125).

For hoeing, relatively narrow points (e.g. 5 to 10 cm wide) are used which are
pointed at the tips and mere or leses rounded around the tine and also curved from
front to resar. These tines may be reversible, i.e. they can be reversed after one
tip is worn, They may have parallel sides coming to a more or less sharp point at
one or both ends ("cultivator shares") or with curved sides coming to a point ("up-
rooting shares") (fig. 126).

Scarifying is carried out with much narrower working parts, often no wider than
their tines or stays {rigid). They may be of mquare section, working on a diagonal,
with the tip slightly surved forwards. Another typical shape of scarifier points is
that of "gragsland rejuvenating tines" which are fairly deep from front to rear, of
very elongated triangular smection. like a matchet blads. They may be up to 25 cm in
length (fig. 127).

Harrowing, considered as a method of weed control, includes the use of flexible
weeders, chain-harrows and rotary hoes.

The working parts or "teeth" of flexible weeders are thin and elongated and are
attached directly to the frame. They are either narrow, flat, spring steel blades
attached at one end to the frame of the weeder with the other end folded back on itself,
or else they are made of small diameter steel rods acting ms both tine and working
part (fig, 128).

The length of the teeth varies according to type, from 25 ito 50 cm, Degigned
in this way, the teeth are relatively flexible so that, when the implement is moving
along, they vibrate at high frequency which is extremely beneficial in causing very
shallow loogening of the s0il which is sufficient to uproot weeds in their early
stages of growth but insufficient ito damage the cultivated plants at & more advanced
growth stage., Working depth ia from a2 few millimetres to about a centimetre. The
weeder, howover, only works well at a spesd above 4 kph.

Trials with this type of implement, carried out mainly at the Bambey Agricultural
Regearch Centre, have led to the conclusion that, with a tractor, a single passage with
a flexible weeder is gufficient during the rainy season, provided that the soil is
worked at the right moment, i.e,that it has partially dried out - up to two days after
rainfall; under these conditions, two rums at right angles to each other should prevent
the development of weeds for about six days. With ox draught, the flexible weeder is
ineffective, although it works reasonsbly well when pulled by a horse {though inferior
t0 being pulled behind a tractor) provided that runs at right angles to each other are
made.
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rotating supporting whoel

Fig. 129 - Tip and supporting wheel of pull typc rotary hoe.

Fig. 130 - Rotary hoe (Japan)
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The flexible weeder can also be uped immediately before the cultivated plants start
to appear above ground. Thig method of tillage replaces the iraditioral tillage opera-
tion.

The "chain-harrow" works in much the same way as the flexible weeder, using the
surface action of & large number of flexible teeth., These are very short and are
attached directly to a flexible frame which closely follows the unevenness of the
ground (fig. 75).

Rotary hoes have long-toothed wheels rotating side by side on a common shaft,
These teeth may be mounted on narrow disos and consist of flat blades at right angles
to the rotation axis (and therefore cutting as they advance), or they may be widened
at the tip, parallel to the rotation axis in the form of an elengated spoon. These
blades are curved, either at their tips or throughout their lemgth; +they are not,
therefore, simple "spokes" and are different from the teeth of the clod-crushing
rollers we have already demeribed (fig. 129). '

They can be moved forwards or backwards, since the teeth are all curved in the
same direction on a single shaft. These implements have a tendency to break up the
soil finely and more or less deeply, at the same time as they uproct the weedms, when
moved in a directimmsuch that the teeth attack the soil with their tips. They can
then stir up the soil to a depth of 2 to 8 cm., Moved in the opposite direction,
they pack the soil by breaking up the surface clods but also (according to information
from America) by removing air pockets. It hae been found that they do not work
satigfactorily on wet ground.

The Bambey Agricultural Research Centre has recently teken an interest in the use
of these rotary hoes {of the spoon type) for animal draught. The oonclusion of the
first trisls has been thet weeds could be destroyed, even at low speed, by single runs
at calculated time intervals or by two runs on the seme day. It was found that the
type of hoe used in the trials was not effective against Cyperus. I+ does rot cmuse
the formation of a pan {thers appears to be a period when the use of such an implement‘
would not be recommended: when the seedlings of the cultivated plant are Just showing,.

Rotary weeders of the Japanese type for rice~fields, in which the rice is trans-
planted or sown in rows, have drums as their working parts { two successive drums)
fitted with flat curved teeth like thome of the rotary hoes, Thasa drums can be
mounted on their shafts with plain or needle bearinga. The testh may also be made
of piano wire (fig. 130).

We shall net discuss further the ridging bodies used for making relatively big
ridges. For weed conirel, use may be made of small fixed wing ridging shares
(shovel blades) 25 cm wide for example, and mouldboards which are either “"double
mouldboards" eimilar to the shovel blades but narrower {15 to 20 cm) or "single
mouldboarde"” (urning to right or left), making up, in s single part, a small plough
body with ita mouldocard (width 12 to 20 cm). They can be uped for sarthing up and
for eplitting-back (fig, 131).

As Tegards animal draught ohemical crop protection egquipment, those which have
proved most suitable for use in tropiocsl agriculture are pressure sprayers. With
these, the shemical liquids are atomized by passing, under pressure, through a specilal
davice called a nozzle. The implementa have a horigontal boom with nogzles "for low
crops", and a2 vertical boom for orchards. These booms consist either of a metaml
frame carrying the nozzles with a flexible pipe taking the pressuriged liquid to eaoch
nogzle or, more simply, lengths of metal piping containing the liquid under pressure
with the nozzles screwed directly into them, These pipes are Joined togethex= by flexible
piping and are fed from the pump in the same way.
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The nozzles may be of the centrifugal type. In this case tbey usually contain
& thin outlet spray disc with a calibrated hole {usually of a diameter between 0,7 and
1.5 mm), end & pwirl nozzle which may be & swirl plate with 2 or 4 spiral passages on
its inner surface, or a set of two thin cylinders, the firgt of which hes two spiral
passages and the second, & series of heles so arranged as to direct the pressurized
"liquid solely into the spiral passages (fig. 132).

Between the swirl nozzle and the spray disc is a gpace which forms the swirl
chamber, which is cylindrical, or rather, on "precision" nozzles, conical,

When it reaches the gwirl chamber after passing through the passages, the liquid
is given a rapid whirling motion and forms a head on the edges of the exit hols from
which the droplets of liquid fly off, partly under centrifugal action, The centri-
fugal action may be more or less viclent, depending on nozezle form,With an altermative
action, which applies only in the case of fan nomzles, the droplete tend to be thrown
directly in the axis of the nozzle. The strongsr the centrifugal action, the finer
the droplets and, for equal pressure, the less range they have,

The fan nozzles, without centrifugal actiorn, have only one calibrated cutlet hole
in the middle of the U-shaped slot for flattening the jet. In this case, the droplets
are formed as a result of the very considerable change in speed of the ligquid in the
very short time it takes to pass through the nozzle (the flow of the "“aystem" is the
pame at all points and the diameter suddenly falls from that of the supply pipe to
that of the exit hole, i.e. by a factor of 10, so that the speed hecomes 100 times
greater) (fig. 133).

Finally, with deflector nozzles, the liguid breaks up intc droplets against a
flat surface at right angles toc the direction in which it comes out.

Centrifugal nozzles are used for fungicides and insecticides, whereas fan and
deflector nozzles, which produce much less fin droplets, are used for spreading herbi-
cides and fertilimers.,

The pumps are either: dJdiaphragm spray pumps, usually band operated, or piston
pumps (often double acticn) operated by hand or by 2 crank on a main wheel; or '
z—piston)hub—pumps; OrF 2= or 3J-piston pumps driven by an auxilisry engine (figs. 135,
136, 137).

In the cage of wheel driven pumps or bhand operated pumps, the pressuresobtained
are relatively low (of the order of 4 to 7 kg), This applies even with thé mobile
wheel=driven pumping units where the speed of trawvel camn be fairly high, However,
the pressure at the nozzle obviously depends cn the total flow from the nozzlas
which is a function of the fineness of their outlet holes.

STAYS AND FRAMES

The ve:rious working parts we have deacribed {other than for rotary hoes) for
mechanical weed control may be fitted to frames with rigid or flexible stays.
Generally speaking, light implements, such as animal draught implesmenta are more
stable, do B8 better Jjob and are easler %to adjust and handle when they are fitted
with rigid stays rather than flexible onks, With the latter, the unevenness of
soll resistance is smoctihed out by movemant of the working perts so that a relatively
large width may be worked with low drsught effort. However, the regularity and
quelity {depth) of the work suffer considerably,

Rigid stays are generally vertical and may be fitted, partially in certain cases
on their forw.rd facing sides, with a rounded shield which prevents or reduces
blockages,




flexible membrane

outlict valve

inlet valve

Fig. 1M - Deflector Fig. 133 Laycut of a single membrane pump

Hub=pump in section Hub—pump fitted in its wheel

Fig. 136 -




pressure gauge

preesure regulator air chamber damping device

ia .
header tank ~—— guide piston

nozzles <+ . \\\\\\\\\‘\\\QQ' ‘

cylinder head
plug

suction tubing with filter

Fig. 137 - Layout of a piston pump with pressure regulator

Fig. 138 - Angular expension
weeding hoe or scuffler

Fig. 139 - Parallel expansion
hoe or scuffier




With animal draught implements, the flexible stays usually congist of more or
less closed C-=shaped single blade flat springs. There are also S-shaped flat springs
which can be etiffened up by means of one or two short blades at their upper ends.
Square section springs, with one or two coils or without colls, seem to be little used
in animal draught cultivation.

We have previously described multipurpose frames, multicultivators and polyculti-
vators, which can be fitted with a wide variety of working parts for weed control,

There are also tools designed specially for weed control operations Lwaading,
hoeing and ridging, but usually excluding scarifying for reasons of strength). These
are known as scufflers or weeding hoes. :

Hoes can be clasgsified, according to their weight, as donkey hoes (maximum draught
effort 30 kg), designed specially for the limited draught capabilities available to
the African farmer and as ox hoes, of which there are more types and which are really
the European type horse hoes widely used in Eurcpe until recently. These are much
heavier,

The hoe, being a weed control tool, must be adjustable for width for different
row spacings, There are two main types of working width adjustment, i.,e. the method
of expanding the frame of the hoe:

a) ANGULAR EXPANDING HOES

The frame consists of:

- & central beam with the depth adjustment wheel at the front. The handles
are attached to the rear of the frame.

-~ two side beams which are attached to the front of the central beam,
from where they can pivot inwards and outwards. The side beams are
normally linked at the rear by meana of a crank or a lever sliding
along the central beam. The working width is adjusted either by a
screw adjustment or by a ratchet lever or by a lever bolted to a
quadrant or by a rack or finally by two flat steel guadrants, esach
welded to the middle or end of one of the cross-members, which slide
over each other and are locked in the degired position by a butterfly
rut or by a cam lever,

These hoes have the advantage of being easily adjusteble without need for dis-
mantling; adjustment is even possible during work without bringing the draught animals
to & halt, The oontrol system ims, however, rektively complicated and therefore
costly and the angle of attack of the working parts on the cross-members changes o=
the working width is changed. In extreme cases, & long and tedious adjustment must
be carried out on each stay attached to the crosgs-members by rotating them in their
brackets. In normal use, however, this secondary but nevertheless important adjust—
ment is very rarely made, with the Tesult that the quality of the work is often im-
paired.

Angular expansion hoes are ususlly fitted with a toothed quadrant 1lifting lever,
a forked joint system, oT a screw lever acting on a metal wheel at the fromnt, to allow
adjustment in depth of the working parts.

With some models it is possible to make botk horizontal and vertical adjustments,
an important advantzge with offset draught. Their std3ys are nearly always rigid.
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b) PARALLEL EXPANDING HOES (fig, 139)

Depending on type, the frame has one or more beamg and, when there are more than
one, their distance apart is fixed. Horizontal holes are made in them through which
pass the cross-members carrying the tool-stays; +the working width is adjusted bty
sliding these cross-members laterally, With the types in general use, the width can
only be altered when stationary and involves the fairly lengthy work of loosening
several bolts and tightening them up again.,

With the lightest hoes, the single central heam does not have holes for the glid~
ing cross-members, these being attached by clamps whose tightening is easier than that
of bolts.

As with the angle hoes, the parsllel hoes have & front wheel whoge bhracket can be
set to various positions relative to the chasgsisby means of a lever and toothed
quadrant or by an adjustable clamp.

- SPECIAL FRAMES

Some of the soil working parts we have described earlier are only used to make up
special implements and cannct be attached indiscriminately to any frame.

Thie applies to weeder teeth, which are fitted side by side on a special frame
bar, This can have a2 pole or shafts attached to it, or it can te fitted to the tool-
carrying member of a multipurpose frame.

It also applies to the teeth of a chain-harrow, which are, in fact, no more than
extensions of the frame of the harrow, itself consisting of small steel wire units
linked together,

Similarly, implements witk rotating working parts, rotary hoes, rice-field rotary
weaeders and undergrowth clearers with blade rollers, all have special frame with draught
attachments,

In the case of rotary hoes, the toothed dimcs available for power-driven cultive-
tion are ugually fitted in “mections" of 6 or 7 with two parallel shafts on the frame
one in front and the other behind. These sections are grouped together in varying
numbers to build up a complete assembly, Their axes of rotation are all perpendicuiar
to the direction of travel, THowever, units with only a few discs on a single shaft
are sometimes fitted by certain American manufacturers in hoeing units for working on
or very close to the row,

The implements of this type available for animal draught cultivation have two
sets of these dises wside by side, with their shafis forming an angle between them
(as is the case with the "skew-treaders" of mulch-farming). Others with toothed
discs inclined in relation tothe spokes but not curved, have four zats of discs cn &
rectangular chassis,

Animal draught rotary weeders for rice fields are made mainly in Japan,

CROF PROTECTION EQUIFMENT

A pneumatic knapsack sprayer is available, It has & 3} hp 2-ptroke petrol engine
and can also be used for dusting,

A pulled duster, on an arched chassis, is being produced with the fan driven by
the main wheel (fig. 140).
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Fig. 140 - Animal draught

Fig. 141 - Animal draught sprayer
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The other implements of this type are pressure sprayers. Some have a beam, Wiose
total length may be as much as 6 m, attached to the rear of a cart and & hand pump
(double action piston or diaphragm5 which the operator controls standing in the cart.
The liquid to be sprayed is pumped from a suitable container (rig. 142).

The gpecial frame to which are attached tanks containing at ieast 150 litres are
often of the arched type, with under~frame clearance of up to 1.£0 m.

The horizontal beams may be set at different heiphts.

Most types can be fitted with an auxiliary engine to replace the main wheel drive,

Vi1

HARVESTING EQUIFMENT

As a result of the use of the implements mentioned earlier, crop yields have in-
ecreagsed and this aggravates karvesting problems. Unfortunately there is little
suitable animal draught harvesting equipment available, Whether it is a question of
harvesting grain, forage or fibre crops, or fruit above or below ground, etc., equip-
mert must be appropriate to the product to be separated from the rest of the plant
and thus it must be specific to its purpose.

For animal draught, there are at present only very few implements available which
are suitable for the crops grown in the areas we are considering. In certain cases,
exigting equipment could be adapted, such as tuber lifters for cassava or yams, but
the draught efforts needed would be too much fir the local animals. It is difficult
40 use implements, such as reapers or binders, which get bogged down in the rice field
and may cause considerable losses through shedding of the paddy. Also their use would
necessitate unduly exmacting work such as special preparation of rough fields 1o make
them suitable for‘harvesting by mowing machine. Finally, there may be no suitable
equipment for harvesting, as is the case, for example, with millet or sorghum.

In consequence, a few years ago, there would have been nothing to say in this
connection. Happily, animal draught ground-nut lifting equipment has recently made
its appearance, The use of animal draught equipment can still be recommended for
other crops, provided certain conditions are met.

4., BARVESTING CF FCRAGE CROPS

In addition to the cost of acquiring certain specialised equipment, which really
means only buying it for multi-farm use, its use implies the fulfilment of two comditions.
First, since it can only be & gquestion of mowing natural pastures, these must be rea-
sorably fres of shrubs, There are, in most cases, tooc many shrubs and the only
equipment capable of dealing with these woody plants is unfortunately power-driven,

Accepting that a pagture consists mainly of grass either naturally or as a Tesult
of improvement, the grass is often in tufts which are much bigger and tougher than the
graminaceas or leguminous plants of temperate regions, ¥We do not irtend here to go
into the methods to be followed to encourage plants suitable for mowing and thsir
proper distribution.

Under certain conditions, mowing machines can be used and perhaps rakes, afier
tedders.
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Fig., 142
Cutter bar mower for animal draught.

Fig. 143 Tedder
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These implements, and particularly the tedders, were originally designed for herse
draught, but certain {ypes could be used with European oxen, which are slower than
horses.

Théy were then adapted to the tractor and were then superseded by power-driven
machines specially deaigned for power mechanization, In view of the small number
of horses to be found in the regions we are considering and since their draught effort
is fairly bw, the only machines which can be used are those specially designed for ox
draught, gince, otherwise, the cutter bar spsed would be too low ,., unless the mowing
machine were fitted with an auxiliary engine, The oxen chosen must. obviouely be
powerful and not over-worked, There are very fow manufacturers who still make ordinary
cutter bar mowers for animal draught (fig. 142).

For haymeking work, other than mowing, we would briefly mention tedders., For
animal draught very few forked implements (fig. 143) are still available, - Furthermore,
the implements are complicated and must move fairly quickly to be effectivs,

As regards "dump-rakes", or side-rakes, here again, very few types are now avail-
able. The types designed for animal draught or intended for power mechanization and
adapted for draught animals are ill-guited to African requirements. The rough terrain
and the weight of the implements (dump-rakes or side rakes) make their use diffiecult,
with rare exceptions (fig. 144).

There are, nevertheless, small types of dumprake designed for motor cultivators,
some of which are made in France. They could be adapted ‘o multipurpose frames,
preferably those of polycultivetors.

B, GHAIN HARVESTING

The harvesting of wheat, barley, oats, and rye, can be carried out with conven-
tional equipment such as reapers, binders, or mowing machines fitted with bunching
attachments.. These cereals are, however, very little grown in inter—iropical Africa
and serghum and millet which are the more common cereals are not suitable for these
machines. Manufacturers making them c¢an still be found in Europe, Strong horses
&re needed for pulling them,

For barvesting rain fed rice, of the varieties currently grown, these machines
have, in addition, the disadvantage of serious losses due to shedding even with reapers
which do not bind the sheaves. In the case of binderas, a relstively light machine
with a single eanvas conveyor would be preferabls. Where the harvesting of irrigated
rice is concerned, the risks of bogging down are added to the other disadvantages,
rarticularly since some of these harvestera weigh more than a ton, Transplanted rice,
like the grass of permanent pastures, has the disadvantage uof formirg tufts which are
very difficult to mow.

To sum up, there are few intermsdiate alternatives between the gickle and the
conventional combine harvester for harvesting rice. However animals, with or without
equipment can help with threshing. The paddy is stacked on a2 threshing floor and the
enimals tread it with their feet. It must be stacked sufficiently thickly for their
hooves not to crush the grain, The straw is then shaken and removed, while the paddy,
chaff, etc,, are collected for winnowing, The output withrice, using a pair of oxen,
is about 140 kg of grain per hour,

This methed, used in Asia and in the countries surrounding the Mediterranean (where
buckets are sometimes used to stop animal droppings from getting mixed with the grain)
is worth introducing more extensively in inter-tropical Africa and Madagascar.
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It should be pecinted out that the threshing floor must be cleared of wesds and
levelled and then coated with 2 mud mixture, consisting of c¢lay and animal droppings,
which is left to dry before the treading out.

Sometimes 2 sled, a roller or a kind of disc harrow with flat discs is pulled by
the animals on the threshing floor in order to speed up the operation (Middle East).
Such a device with thres rows of discs (fig, 146) is made in India,

c. HARVESTING OF GROUND-NUTS

As alrezdy mentioned, draught znimals are beginning to be used for the lifting of
ground-nuts, mainly with simple and ligkt equipment, For additional tasgks, other
equipment may be considered.

i, Lifting

Animal draught equipment for 1ifting ground-nuts and thus facilitating extraction
of the pods from the earth hag only recently come into use in Africa. For exemple, in
Seriegal, the number of 1lifters in use amounted to only 1,000 in 1963, These are
however simple blades attached to a rudimentary frame (originally specisl equipment
but subsequently attached to a multicultivater frame, etc.?. Working at a depth of
5 to 10 cm and therefore below the ground-nuts, these implements cut the roots below
the level of the pods and the gynophores Joining them to the atalks and, at the same
time, break up the soil, This s0il is difficult to penetrate by the blades, partiw
cularly since the harvesting in the Sabelian area must be done as late as possible
at the end of the rainy season when the so0il is getting harder and hardsr, If the
harvesting is done earlier, the yield falls by about 1 or 2% per day early. If,
however, the soil i=s allowed to get too hard, the crop has to be abandoned.

The effort demanded is as much as or more than & pair of African oxen can provide.
This is why it is impossible to consider the use of real diggere which would raise
all vegetable matter out of the ground and deposit it on the surface. Although guch
diggers used to exist in the United States where the draught mules are more powerful,
they are no longer manufactured there.

The efficient capacity of lifters depends mainly on the condition of the ground
when the harvesiing isg done. This depends primarily on the compostion of the soil,
‘its humidity and its consistency, and alsoc on any soil improvers incorporated in it
or special tillage work which may have been done, such as ridging and possibly irri-
gation before the harvest, etc.

In practice, what can be achieved by lifters depends primarily on the humidity
of the soil, which varies from region to region, from year to year, etc, Drought
is often a serious congtraint in the Sudanian-Saehelian region, particularly when the
rainy seagon stops early.

There is a wide variety of lifter blades, The simplest are flat rectangular
blades with straight or curved or Vashaped cutting edges. They may heve extension
fingers fitted forming a simplified grid, They are attached to one or two stays.
Most countries have their own type or types of blade which are appropriate tc their
particular ecology (figs. 147, 148, 149, 149a).

The flat straight-edged blades, although simple and strong, are not usually very
satisfactory as wsoon as conditions become difficult, i.e. fields covered in weeds,
hard ground, etc.
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"W Blade ground-tut lifter blades

Fig. 148 - Hoope type lifter
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Fig. 149a. Curved blade lifter. Fig. 150 - popular "Guntaka" used
in India
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Fig. 151 - F.g. 182 -Lifter on frame with wheels

Improved "Guntakas'" used
in India
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In the Sudanian-Sahelian areas of Africa, blades in the form of a hoop were
popular at one +time. Now, however, swept back V-shaped blades are preferred; these
are similar to a wide weeder share and are attached to a stay which is curved on its
leading edge in an attempt to stop clogging. It is important to be able to wvary the
entry angle of the share considerably, depending on the hardness of the ground. The
first models of these lifters were designed and made in France, In Senegal, their
use is already widespread. In Riger they are begimning to become popular. These
blades are proving satisfactory, in both hard and loose soil ("deck" or "dior" in
Senegal), with creeping and bush varieties of ground-nuts, whether or not planted in
rows, on condition, however, that the blade of an appropriate width is selected.
Indeed, the manufacturers usually have available several widths, between 2C and 50 cm
and even up to 60 cm (for the sand-dune soils of Niger).

For example, a wide blad ig recommended for "creeping varieties", whether in rows
or not, in loose soil, and a narrow blade for bush varieties in hard ground.

Lifters with swept back V blades usu2lly need less than 100 kg of draught effort.
This may sometimes be as low as 40 kg. The narrow blades cculd, if need be, be pulled
by a horge in very loose soil {free running sand),

Twelve hours will be needed for 1lifting one hectare (in loose, clean and still
fresh soil).

Swept back V blades are made by several multicultivator manufacturers for fitting
to their frames. In Senegal "Polyculteur" is made with a2 harnessing attachment
enabling a "medium unit" lifter to be fitted and, for the lighest scils, twe lifters
may be fitted to this polycultivator,

Furthermore, village blacksmiths sometimes fabricate lifter blades copied from
imported ones and these are often quite satisfactory. They are fitted to a variety
of frames.

The swept back V blade lifters seem to be less suitable for the soils in which
ground-nuts are grown in Madagascar; although it may be that the latest, stronger
types have not yet been tried. Malagasy farmers have also been using hoop, or curved
type lifters. Most often, however, 1t has been found that suitably adapted plough
bodies are the most satisfactory. Sometimes only the share remains, the mouldboard
being completely removed, In other cases, the mouldboard is cut down, only the base
being left; or again, latticed mouldboards may be used. Flat blades with straight
cutting edges have also been tried but do not appear very effective, even though more
powerful draught animals are available in Madagascar than in Senegal, Arched poly-
cultivators fitted with such 1lifters are an advantage for straddling the rows.

A ridger, with the wings removed, is commonly used for ground=-nut lifting in
Nigeria. In Argentina, in the Province of Tucuman, the ground-nuts "are lifted with
a pointed ard without mouldboard.

In India it appears that, of the methods and equipment used or tried, only two
are reasonably satigsfactory: the scoop type potato lifter and, especially, the
"ountakas". The latter are particularly suitable for creeping ground-nuts.

The guntakas are lifters with atraight or concave blades of variable width. It
is the only type of implement in this country which gives an acceptable cutput: 0.6
hectares per day (8 hours). However, it often needs 3 pecpls to work it properly;
one man on the guntaka to give weight to bury it 6 or 10 em and, usually, & woman
walking each side to stop the stays from getting clogged (fig. 150).
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These implements have the advantage of being well-known and are made and repaired
locally; they need, however, a pair of strong animals to pull them.

As an improvement on the straight blades of +the guntulka, the Indians seem to prefer
blades with a concave cutting edge to those with an angular edge. The working part
may be chamfered (fig. 151).

In the State of Bombay, they use lifter blades fitted to e frame with two big
wheels, and which can be adjusted for height by & lever and quadrant, This adjustment
is easy while moving, whereas the guntakas hare to be adjusted before harnessing. A
straight b.ade for creeping ground=nuts is at” sched laterally, by means of a single
stout stay, 3o the rear of the chassis. De . ite its advantages, this equipment is not
widely used, Its output is said to be simiiar to that of a guntaka (fig. 152).

The Japanese use curiously shaped lifter blades, scmetimes similar to sweep bledes,
These are fitted either to an animal draught frame or, more usually, to a motor culti-
vator.,

The best kinds of lifting blade, like some of those described above, generally
leave less than 10% of the nuts in the ground, This figure is comparable with the
average results obtained with hand lifting. Some blades, however, may under the
same conditions leave a higher proportior of pods in the greound.

r - In order to glean themds left in the ground
. after lifting, Indian farmers tie fairly tightly
plaited rice straw between the stays of their
guntakas and run through the field again, In
blade this way they bring ur any detached pods which
escaped the first passage (fig., 153).

plaited
rice straw

F1g. 1593 - Gleaner for ground-nut pods

Fig. 153 - (leaner for ground-nut pods

The special shape of some lifter blades fitted to anti-clogging stays enables
them to bring the ground-nut plants partly above grourd.

2. Raking and zathering

Af'ter lifting, the grounde-nuis must be collected for haulm remowval. Belore
gathering them into piles or putting them on drying frames, it is helpful to gather
several rows of ground-nuts together. There are two possible ways of doing this:

The Use of Side Rakes (see above)

Conventional side rakes are often ill-suited to ground-nuts, whose foliage is
liable to get caught up in the raking tines. This could be overcome by fitting them
with radial anti-clogging bars,

Finger wheel side rakes may be suitable although they make poorly ventilated
windrows, which is a disadvantage for haulm removal. The reservations made earlier
about the use of this type of equipment with slow draught animalsg would still apply.

Dump rakes would be better. Unfortunately, as we said earlier, very few are
s8till being manufactured. It geems that a rake of this type has been adapted in India
to a wooden chassis for raking ground-nuts. It would, however, have to be fitted with
wheels to avoid damaging the crop.
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D, HARVESTING OF TUBERS AND ROOTS

Anima) draught implements are very little used for harvesting yams, tar s, sweet
rotatoes, cassava, poiatoes, etc.

On the one hand, the implements which could be adapted for such work are heavy
and costly consequently the animals availble would not be able to pull them properly
even if the farmer was financially able to buy then, Additiconally, the shape of the
roots and tubers, even if they are not too deeply rcoted, make the use of mechanical
devices difficult. Furthermore, the surface covering = or the presence of stalks -
is a further obstacle to their use, It is, therefore,only for potatoes that animal
draught lifters can be envisaged, since the reasons quoted above for not using true
diggers for ground-nuts, also apply here. It should be noted that, in the regions
with which we are concerned, even at altitude, it is unusual to grow potatoes.

Potate lifters consist of a share, usually concave, which has to penetrate the
ridge where the tubers are clustered,” It is attached by a stay to a frame with a
small front wheel. Provided that asppropriate tillege operations have kept the soil
sufficiently loose, these implements can be harnessed to one, or better, two pairs of
fairly po;arful oxen. Fairly simple ridger bodies are often used for this taszk
(fig, 154).

If the special lifter share is fitted with extension fingers, or if the ridger's
nouldboards are replaced by slats on fingers, the rosult is a simplified digger which
needs about the same draught effort as a ridger, i,e. at the top limit of the capabili-
ties of the animals available,

There can be no question of apron or drum type diggers, which put the tubers on
top of the soil from which they have been separated, because the draught effort in-
volved becomes much too great.

Fig. 154 - potato lifter
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VIII

TRANSPORT: OX, HORSE AND DONKEY CARTS

Transport by domestic animal is ¢ertainly much oldar than what has become known
as animal draught cultivation. Whether it be in Mediterranean Asie or in iropical
ifrica, animal transport has been, and gtill is, an important means of transporting
goods oT even people. In these countries, it is quite commonplace to meet a donkey
on the road, heavily laden with its owner nnd, possibly, an additional load,

It is less common, though by no means rare, tuv see a pack-ox carrying a man or
a load, particularly in the arid regions of Africa. In Mauretanie and Mali for
example, this particular work is done by zebus,

4s regards the horse, it is not in the least surprising that it should be an
extremely common means of transport, as used to be the case in Eurcpe.

The actual carrying of loads is hardly rational from the point of view of work
done., However it only involves a very small inveatment. With donkeys, the finest
pack animals (after the camel), the fastening of the load is often rudimentary and
consists merely of a few curd lashings, Some carriers have made or bought bags or
wicker baskets for the loads and in order to ensure better balancing on the animalls
back {fig. 155-156).

It must, however, be szid that pack transport is not really advisable and should
be reserved for mountainous areas which are imppracticable for wheeled vehicles.
Everywhere else, the cart should be used because its efficiency is far greater.

In addiiicon tc the pack and the cart, we musi briefly mention the sled. Sleds
are cértainly not advisable for transport on roads, but they are useful for short
distance transport on very wet ground. On an ille-drained rice-field during harvesting,
even a rudimentary sled can often be extremely useful for carrying paddy in sheaves.

It is, moreover, on wet or even floodad ground that a sled!s traction coefficient
wiil Te best (15.

Neither pack transport, nor slesd transport is ihe real answer for the rural popu~
lation. The real answer is wheeled transport by cart.

It should be pointed out that it is of interest not only to the farmer, but also
to the rural porulation in general and even to the townsman. Indeed, the owner of a
cart i1s not necessarily a farmer; he may be a trader, an artisan, a ccal merchant,
etc., which explains why, in certain regions of Africa, many dornkey or horse—drawn
carts are seen in the towns and very few or none at all out in the country.

The farmer hag only recently become interested in the cart. The majority of
locally manufactured or imported vehicles have been used for non-agricultural trans—
port, particularly with draughi donkeys and horses, Cartg first came into use in the
poris far urban transport purposes.

I+ has always been difficult to amortise the cost of an agricultural cart, which
is a considerable investment, indeed one of the biggest of all the range of equipment
the farmer rzy require, Without quoting precise figures, & cart costs about three

(1) The traction coefficient is the ratio between the effort provided by the draught
animals to move the loasd and the lcad itself.
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to five times as much as a medium~sized plough, Thig is why it is not always possible
%o equip farmers with them, particularly because, on the farm, they do not directly
coniribute to increasing crop yields, whereas the relationship between the plough and
an increage in crop yield is much more obvious,

Nevertheless, aince the farmer is above all a carrier, the importance of the cart
is self evident and this is well proven by the success of the many efforts made,
wherever draught animals are auvailable, to make them available at a reasonable prica,

Certainly, some of these efforts were made a long time ago; Malagasy artisans
have been making carts for over sixty years and, in that country, professional cart.
wrights make wooden spoked wheels with metal rims, of a type very similar to thoge
which, until a short time ago, were made in all countries of Europe and still are in
some of them,

In other countries, such as the Central African Republic, less skilled artisens
witk more limited tools make solid wheels sawn from previously aessembled blocks of
timber. For nearly tweniy years, however, the basic raw materials for making cartg
have been scrap car chassis or even just front axles with the steering system blocked,
These axles with their original pneumatic tyred wheels, together with a simple plai-
form attached above the axle by two angle irons or iron bars, with a wooden pole or
shefts, make up a2 cart which is sturdy and relatively inexpensive. Unfortunately
for the cartwrights, car accidents are still too rare and old cars are seldom dise
carded, Furthermore, wheels without axles and thus without any form of suspension
are ill adapted for conversion into carts. '

At the present time, carts available loczlly in Africa may originate from:

1. Importers of complete carts, This is a gimple encugh way to provide
for local requirements but it is a costly way of doing it because, in
addition to importing the mechanicel parts, the wooden platform and
pole are alsc imported,

2. Importers of carts without flooring or pole.

3. Local artisanal or semi-industrial manufcturers whe import exles
and wheels and make the platform and brackets, the pole or shafts,
the reils, etc.

Local manufecture of carts by the third method is the most reascnable way to do
it; primarily because it reduces the import cost while still providing sufficient
technical guaranteea; secondly because it gives the local artisans work within their
capabilities and, finally, because it may lead to the creation of a smaell industry
which will not necegsarily alweys be limited to the partial manufacture of carts,

It is, however, necessary tc know what type to manufacture, and past and present
trial and error show that it is indeed difficult to define the ideal cart; one which
would please everybody, need no maintenance, be cheap to buy and be well suited to
all possible transport requirements and to the draught animals, Before going inte
technical details, we shall try to define a few general principles.

A, DRAUGHT METHOD

1. Donkey~cart (fig. 157)

This must naturally be light, i.e., weigh about 100 to 140 kg empty and be able to
carry a load of at least 500 kg mcross country without distortion or breeking.
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Fig. 155 Sketches of Moroccan type pack harnessing for carrying varicus
loais
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Sketch of credle fitting Detail of asspembly

Cradle fitted to a Morooccan
type barda

Fig. 156 - Sketches of Moroccan type pack harneesing for carryipg varicus loade
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The floor area must never be less - - .. 2 square metres, The ground clearance of
the axle, if possible, should be more thi- 0.25 m so that it can clear obstacles and
avoid accidents by catching on a stump, etc. The ideal is to do away with the axle,
the wheels then being carried by arms, but this raises problems of solidity and eass of
manufacture.

The spacing of the ghafts, preferably made of metal, is about 0.50 m at the tips,
their length in front of the platform being 1.40 m.

With the box~cari style, its capaciiy musi be about G.50 cubic metres,

2. Single ox-cart

The possibility of single ox draught is too often overlooked although it can be
very useful, for example, in all cases where it is desired to substitute the ox for
the donkey and where the farmer may, to begin with, bave only one znimal (e.g., Upper
Volta). The interest in using a single ox is partly because of the draught capability
of an ox harnessed to a cart {this will be examined later) 2nd also because the donkey-
cart previously described can be used without major modifications. It ig only
necessary to provide longer (2 m) and wider spaced (0,65 m) shafts. The harness will
consist of a neck or withers yoke, depending on local custom, but the yoke can be
permanently attached to the shafts of the cart. More complicated harness can also
be used with a collar, if maximum use is to be made of the ox's draught power.

3 Ox—cart using a pair of oxen

For many years this is the system which has been most widely advocated. L great
number of designs are available, of which the following are the general principles:
the empiy weight must not be much more than 200 kg, while the useful load must be atle
to reach 1,000 kg without distortion or breakage, The floor area may vary from 2.5 me
to 4 m? with a maximum width of 1.50 m, A minimum ground clearance of 0.30 m must be
provided, The pole may be made of wood, never less than two metres in length, provided
that the essential (and sometimes forgotten) condition is met that the farmer can cut
a spare pole of acceptable dimensions from tle logal woodland, If this condition
cannot be met, a metal tube is preferable, provided that it is very solid, even if it
ig more expensive. Many are the carts in good condition which remein permanently
unused following breakage of the pole, simply because the owner cannot find a pole of
the right dimensions near his farm,

4. Horge—cart

‘Thigis praetically only used in Senegal and is little different from the donkey-
cart s,

B, DATALILS

1. Choice of wheels

Among the many questions concerning the design of carts, that concerning the type
of wheel is certainly the most prominent. The choice relates both to size and type
of wheel,

a) LARGE DIAMETER METAL WHEELS (fig. 159)

These have certainly been in use the longest, since GALLIENI introduced them in
Madagascar at the end of the 19th century and they probably appeared in Africa at
about the game time.

They may have & diameter of 1 to 1,20 m and the rim width may vary from 10 %o 15
cm.




Fig. 157 - ponkey-cart with shafts
(useful load 400 kg)

©

Fig. 158 - 1,000 kg farm wagon "AFRICA Wo.2 type", with
pole for ox draught.




Fig. 168

19C

Fig. 161
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In all cases plain bearings are used, either c¢ylindrical or conical, Scoetimes
the manufacturer inserts, between the axle neck and the wheel hub, a pair of split
bronze bushes whose friction coefficlent is lower than that of cast iron against steel,
This design was introduced following unduly rapid wear of the hub, which was really
rgused by lack of lubrication, but which resulted in both wheels and axles being
serapped, The bushes are a definite advance, their replacement being cheap and easy,
provided that the necessary spares are available,

is regards lubrication, here again there are two solutions, neither of them perfect.
The first is a grease-chamber relatively well sealed against mud and dust, hut which
needs removal of the wheel to be refilled, which ig rarely done. The other sclution
is to fit a grease cup screwed into a hole tapped through the hub into the grease
chambter, Although, technically, this second solution may seem preferable, it is not
5o in practice since, in addition to the faci that the existence of a grease-cup does
not necessarily mean that the owner will use it, it very often happens that the cup
gets unscrewed or breaks and then mud, sand and dust can freely enter the grease
chambter and cause very rapid wear (fig. 160).

The large diameter wheels are heavy and relatively costly. This means that the
platform has to be unduly high, if it is desired to fit it above the axle by means of
aimpie brackets. As & Tesult stability may be endangered and loading iz always
difficult, If the platform is set between the wheels, directly on the axle, it is
certainly lowered to a reasonable heignt (the radius of the wheel plus the diameter
of the axle) but, at ithe same time, its width is limited since it must always be
appreciavly less than the whesl track.

b) SMALL DIAMETER METAL WHEELS

The characseristics of these are much the same as above with a diameter 50 to 80
em and & rim width usually of 8 o i2 om,

Tre lubrication problems are ths same or if anything less favourable since the
teariugs are nearer the sand or mud and tihe wheels rotate faster.

The roliing coefficient is always less good and the ground clearance is reduced,
These disadvantages are, however, compensated for by lower cost and weight and by its
being =aay %o extend the zart body above the wheels, without umduly raising the load
above ground,

¢) HETAL DISC WHEELS WITH SOLID OK SFONGE HUBBER TYRES

These whesls ars univerrally unpopular, They are heavy, costly and fragile in
th&%t the solid rubber tyres, and evon pmore so ine gponge rubber, are easily gashed
by roeugh road surfaces and stumps. While the sorid tyres may last a reasonably
Img tirme. the others guickly wear cut; this at least seems to be the result of
igolated axperiences, sincs sponge rubber tyres are very rarely found.

4) METAL DISC WHEELS WITH PNEUMATIC TYRES

This is obviously the ideal wnuern sclution, particularly if, as is cfien the
case, they s.e fitted with ball or rolier bearings,

Under *heir advantages ma; be liszted: lower draught effort {see later), relative
Tiexibility of suspension with good effect on chassis 1ife, ability to mave witnout
making deep ruts. lightness, ete.
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Among the disadvantages, cost is a very relative one, since the metal rims are
cheap and 145 x 15 car tyres for ox—carts or 135 x 13 for donkey-carts are available
from obsolete stock and are also sold at reascnable price, The only serious dig-—
advantage is the risk of punctures and it is thig risk which, for a long time, was
the reason why metal wheela were the only ones to be recommended. It is indeed a
fact that caris are tco often seen permanently abandoned bscauge their tyres are
punctured or merely deflated and that their owners have neither the tools, nor the
necessary technical knowledge to carry out the simple repair needed,

This however is.not a valid reason for condemning the pneumatic tyre4 initially
extension workers should take on the repairs and pressite checking themselves, They
must check that a cart's tyres are always correctly inflated and, in particular, they
must make the users understand that they must stop at once if they get a puncture.

A second stage, particularly in thorny areas where punctures arg liable to be
relatively frequent, may be to equip each user with a set of tyre-changing tools and
a puncture repair outfit, .

Pneumatic tyred wheels are antomatically associated with ball or reoller bearings.
This need not be so gince there are also carts with plain bsarings on which pneumatic
tyred wheels are fitted.

2. Choice of bearings and axles

This brings us to the advantages of the various types of bearing, plain or ball.

We have already menticned that plain bearings wear out quickly and that this
defect is to some extent remedied by split bronze bushes, I+ was thought for a long
time that ball bearings wore out dven gquicker and ‘hat thsy should not be used,

There were even attempts %o introduca axles rotating in wooden hearings! Now,
provided that the ball bearing is properly greased when fitted, is reasonably protected,
or better still, sealed, one can be reasonably surg that it will last a very long time
without attention. The contrary would, indeed, be surprising; it would be extra-
erdinary for a cart wheel bearing to fail when a similar hearing on a car hes to with-
stand at least as heavy loads at far higher speeds without necessarily being better
greased, Despite their slightly higher cost, the present tendency towards the use

of ball or roller bearings with pneumatic tyred wheels seems well justified (fig. 162).

Fig. 182 - Dearings

roller hearings ball or ta cred roller bearis
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As regards the axles, various manufacturers provide 35 mm square section steel
axles for carts with a useful load of 500 kg and 4C mm for oxe~carts with 1,000 kg
ugeful leoad. This is the most usual itype but it does not exclude others, Thus,
in Dahomey, some locally made caris have Citroen rear suspension arms with their
bearings, resulting in new style carts without axles and therefore with considerable
ground clearance, Donkey-carts uge the parts frorm the Citroen "2 CV" and ox—carts
the arms of the "I1D", Thegse arms are welded to a tubular cross-member on which the
platform is lzaid. This is Just one example among others but is worthy of mention
because of its originality.

3. Details of the loading platform

When the transport of bulky but not heavy products is involved, a platform with
detachable side members 1s advisable. The cart may then be supplied with or without
the side members. The platform in all cases should be provided with the means to
attach the sides. 1t is a good idea to have the sides sloping outwards in order to
increase the useful capacity to some extent. It seems unnecesgsary to deliver the
pide members complete and it shouwld be sufficient to supply the metal mountings
already drilled and with bolts, The user can then complete the work with local
materials, provided that he is given the necessary instructions.

The platform may be made of metal (with a single piece of sheet irun) or of hard
wood, This is a question of local cost price and of weight. One of the recognized
advantages of the platforms of someimported carts is precisely the saving in dead
woight resulting from the use of metalj a thin iron sheet welded to a light frame
results in both strength and low weight. The simplest arrangement, consisting of
an angle iron frame to which planks can be fitted, sometimes results in a very heavy
platform.

4, Arrangements othertban platform and side members

Few boy~carts are seen in use. Nevertheless, simple home-made arrangements
can produce a tir—up boz-cart waich can be very useful for transporting manure, stones
and all bulky materials. However, with such arrangements, the dead weight i~ very
hég?, sometines as much as the useful load, so that efficiency is much reduced (fig.
163).

Water—carts are more numerous, but they are nearly all to te found at research
stations and agricultural institutes. In view of their high rrice, the best thing
for the peasant farmer who already owns a cart is to buy one or two 200 litre casks
which he can carry temporarily on his cart as and when required. The height and
?eight %f)the caeks, however, does not make them particularly easy to fill and empty

fig., 164).

Four~wheel wagons are nct in general use, probably because of their high cost and
the draught effort required. The simplest consist of two sets of wheels connected
together by a central beam or pole also known as & "perch"”, The front aset of wheels
pivots in a turn-table, resulting in an excellent steering lock, The few examples
in use at the research stations are setisfactcry since, with good draught animals,
they can carry big loads without the need of adjusting the weight distdbution, A
wagon could probably be used on a collective basis by & group of several peasant
farmers (fig. 165).

5 Various manufacturers
————

In addition to local manufacture, which will certainly go on devdoping, at least
on the tasis »f imported wheels and axles (e,g. in Senegal), several manufaciurers
g8till make types of cart suited to the requirements of the countries in question.
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C. PRACTICAL TRANSPORT POSSIBILITIES

Prials are at present in progress to assess, on the cne hand the characteristics
of the ideal cart and, on the other, their practical possibilities with various draugnht
enimals.

In fact, the type of terrain and, particularly, its hilliness, will have a consi-
derable influence on the useful load of a cart, depending on the capabilities of the
animals. A specific example will serve to illustrate this concept, though a reminder
of certain definitiong will firs+t be given.

4 rolling coefficientmay be established for any vehicle travelling on ground of
a particular type; it is the ratio belween (a) the force needed to move the vehicle,
and (b) the load carried ineluding the dead weight. Thig ccefficient will be lower
as the bearings turn more freely. It will he affected by the dimensions and type
of wheels, etc. It is found that this coefficient will vary from 0,01, on, for
example, a concrete surface, to 0,1, on damp agricultural soil, to reach and even
exceed 0,25 in marshy ground,

On an absolutely smooth, level, concrete surface, the movement of an ox-cart
weighing 1,250 kg (1,000 kg useful load plus 250 kg dead weight) will require a force
of:

1,250 x 0.01 = J12.5 kg

This is within the capability of any draught animal, although a much greater insten-
taneous starting force will he required to overcome the inertia of the load.

On damp agricultural scil, however, the force to he developed hecomes:
1,250 x 0.1 = 129 kg
This is a full loazd for a pair of oxen and this will alsn aprply on =zandy soil,
let us now consider what haprrens when going up slrpes of known steepness.
The formula for calculating the theoretical force is:
T = kP+P1
where P iz the total weight of the loaded vehicle, k the rolling coefiicient, i the
steepness in metres per metre lenzth of slope and T the drauwgri effsort require:z tfeo
move the vehicle,
Let us take z concretie surface slope of steerness 0.10 m per metre:
T = 38,01 x 1,25¢ + 1,250 x0,1C = 127.% ke.

It is thus geen that, much more than the rolling cosfficient, it is the “ype of
ground and, particularly, the steepness < the glopes whisch detarmine the ugeful loed.

All other things being squal, pneumatic tyred wheels have beltar roilinz qualities
than iron wheels and this seems particularly trae on muddy or sarndy ground, A pneumatic
tyre manufacturer claims that, compared with an iron-rimmed cart wheel, a pneumstic
tyred wheel reduces the roliing coefficient bty tre following persentageat

5% om the road and 64% on muddy ground.




Fig. 183 - Tip-up cart
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Fig. 164 - Water cart

Fig. 185 - 4=wheeled wagon (Tneumatic tyres)
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It would be interesting to know the percentage for sandy ground,

The effort to be developed when going uphill may cause the draught animals to stop,
which is not very serious. It must not, however, be forgotten that slopes are downhill
just as often as they are uphill and that a2 pair of oxen with a withers yoke finds it
very tiring holding back a load, if only because the yoke slips forward and tends to
strangle them, not to mention the braking effort we have discussed. In the worst case,
an accident may occur becazuse of inveluntary running away of the draught animals, The
remedy would be to fit a braking system {a mechanical device), but this solution is
of'ten impossible, although one manufacturer has made available a brake controlled by a
lever for Madagascar, Usually, the load has to be limited to an acceptable weight for
both downhill and uphill work. Going up or down hill alters the longitudinal balance
of the cartto the detriment of the efficiency of the draught animals. This is why
four-wheeled wagons are more often used than carts in mountainous countries. :

Whether the wheels are metal or not, however, the maximum forces will really
depend on the steepness of the slopes. Thus, although choice of wheels is certainly
important, it may be less so for the success of cart work than other factors, of which
price is probably the most vital.

Practical experience proves that, on relatively flat and firm ground a reasonable
useful load for a pair of oxen is 800 kg and up to 400 kg for a donkey, with the
essential provision that the load must be properly balanced,

Recent experience in Madagascar has shown that some locally manufactured carts
were completely out of balance, even when empty, because of the position of the axle,
With one of these carts, empty, the downward load of the pole (bearing on the necks
or withers of the oxen through the yoke) was checked; it amounted to 75 kg. Witk a
driver sitting at the front of the cart on the special shelf for the purpese, the
vertical load went up to 125 kg. To bring the vertical load down to a still high hut
more reasonable figure of 35 kg, the rear of the platfarm had to'be loaded with a
weight of 250 kg!

A well made cart must be correctly balanced when empty. Thig is one of txe
important characteristics to check. Care must be taken not to upset this balance
unduly by ensuring that carts are loaded evenly and correctly. In no case must the
downward load at the end of the pole or the shafts exceed about 20 kg.

In conclusion, let us say a few words about harnesses., Those needed for a cart
with a2 pole and pulled by a pair of oxen are the same as for a plough, but the peole,
which takes the place of the chain, is attached to a central ring on the yoke., In
other cases, the yoke is simply lashed permznently to the pole for guick harnessing
up, which implies at least one spare yoke for other work.

In the all too rare case of a single ox-cart, we have already mentioned the value
of the single neck or withers yoke, but a collar may alsc be used,.

With Aonkeys and horses, the collar or the lightest breast-harness must be used,
This has already been discussed in the first part of this manual,

In oonclusion, it is very important to note that,even in regions where the animals
can do other work, it is often with the cart that animal draught is first used and, to
begin with, for taking people and produce to market. Later, the owner uses his cart
for transporting seed, implements, etc., between the village and his fields and does
the game for his neighbours. Finally, and unfortunately all too rarely, the cart is
used for carrying manure, Yhat must be stressed is the fact that, because he needs
hig animals at various times of the year, the farmer must provide shelter and a
reserve of forage for them near their shed or rudimentary stable - their work brings
him in money.
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When they are well treated and well fed, the animals work better. When the
cultivation season arrives, having not been put out with a stock breederts herd during
the dry season, they can immediately start working in good condition in the fielas.

One can not over emphasize the importance of the cart as a vital factor in
agricultural development.
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PART THREE
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DRAUGHT ANTMALS

A SOURCE OF EN-RGY FOR RAISING WATER AND OTHER TASKS

3CM=z  GENmRAL  RmMARKS

In the preceding part of this handbook, we have deal{ extensively with equipment
powered directly by draught animals without mechanical intervention. As soon as we leave
the field or the road, however, matters become more complicated when we want to apply this
animal energy to “farmstead" work. Tt was quickly found that, here, "animal draught" could
not be used directly like it was for pulling an ard, since it was necessary to develop a
circular or to and fro movement. In other words, it was therefore necessary to design a

complicated system of animal power gears 10 convert the animal's effort and adapt it to the
particular task to be performed.

The use of animal power gears was steadily increasing in temperate zones until some
50 - 60 years ago. The peak of its use, in Europe and North America, was reached at the
beginning of the 20th Century when the applicable transmission systems were technically well
developed {perfectly machined gears, high quality cast iron and steels, ete.). At that
time as yet little use was being made of inanimate sources of energy (the sieam engine was
still expensive and electricity was out of reach, while internal combustion engines were
hardly in existence).

More than twenty manufacturers of animal power gears were marketing their products in
France alone, for driving such implements as threshing machines and for pumping, or more
precisely for raising water by means of bucket conveyors, chain pumps, etc. This steady
progress towards the improvement of and the general use of animal power gears continued in
Europe and North America until the appearance of petrol and paraffin and subsequently diesel
internal combustion engines which really started spreading from. abvout 1920, Since that time
the use of animal power gears has declined rapidly in these couniries. Nevertheless some of
the traditional rudimentary animal power gears, often of wooden construction, are still being
used for lifting water, mainly in North Africa, the Near and the Far East. In South East
Asia they are also being used for sugar cane crushers.

Animal power gears could still perform a useful function in certain parts of Africa,
particularly for lifting water in remote villages, This would apply particularly in cattle
rearing areas or where draught animals are used. A water lifting device can be worked with
one or two draught animals. On the other hand it would not be practicable to use animal
power gears for operating farmstead equipment, such as thrashers, shellers or grinders
because they have too high a power requirement., There is only limited power available from
an animal power gear. The continuous power output with an ox for instance is on average
equivalent to 1/8 of the weight of the animal.

The average working speed of draught animals on a circular track is 0,60 M for oxen
or donkeys, and 0.70 M for horses. Thus the power available from a power gear worked by a
single animal is something like 0,16 HP for a donkey, 0.25 HP for a horse or light ox and
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0.32 HP for an ox of 400 Kg. In practice one may expect with a pair of animals an output
of between 0.30 and 0.50 HP for a peried of 45 minutes. Account has to be taken of resting
time and that the maximum number of hours worked per day may not exceed 4 hours.

There are still a few manufacturers in Euroﬁe, notably in France, Poland, Portugal and
Spain who can deliver animal power water lifting devices. BSuch devices are presently being
used in the Cameroons, Niger, Senegal and Upper Volia.

In addition to various types of water lifting devices, animal power gears are also
being used for sugar cane crushing machines with vertical cylinders. These are used by
rural artisans in India and several countries of South East Asia. This type of cane
crusher is still being manufactured mainly in India and in Britain.

In all those tropical regions where draught animals are helping in the development
of the country, the use of animal power gears can provide a definite improvement over
human power whilst awaiting the introduction of the internal combustion engine. However,
it is advisable to use animal power gears only where the power required can be adjusted to
match the available power of the animals. Thus the input of a sugar cane crusher can be so
controlled that it matches the available power. And a cup type water lifter can be powered
by a donkey in good condition to lif% 172 cu.m. of water from a 20 m. deep well per working
day. .

An argument against animal power gears is that they are relatively expensive in
comparison with internal combustion or electric motors. However they are not intended to
be used where eleciric power is avallable. Moreover, they are more reliable, they do nct
require maintenance and furthermore they make use of a type of power that is all too often
underemployed and the running costs are very moderate.
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PART FOUR
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RURAL HANDICRAFTS

In the previocus chapters we have discussed draught animals and the equipment operated
by them. In the next pari we shall deal with the economic aspect of the use of draught
animals. In this part, however, we shall consider how the mainienance, repair and even
manufacture of certain equipment or harnesses can be done at user level, in other words
to what extent these tasks can be done by rural artisans.

Althouzh at present for the most pari, only band tools for agricultural requirements
are made by rural artisans, their activities should, in the future, expand vigorously as
a result of the provision of new agricultural implements.

Indeed, the after=sales service needed to keep this equipment in good condition hardly
exists at all in tropical Africa, While there has usually been a rather casual approach
to the maintenance of the equipment and the replacement of worn out parts, it must also be
admitted that some firme which have competed in providing this equipment, would encounter
financial difficulties in providing a proper after-salea service, in their arsa of
coverage, for all the wide range of different implements of different mekes which they
represent. This would very often mean, solely for spare parts, keeping stocka worth more
than the equipment sold.

As a direct result of the lack of an after—-sales service, the user could give the
impression of being wealthy, because he often abandons his implements(1). It is probably
quite normal to accept that the small scale sales agents in the bush are not in a2 position
t0 provide an after—-sales service for the equipment distributed in relatively small numbers;
particularly if thie is meant to include not only the supply of spares but also their
fitting and possibly, also, general overhaul of the implement. Nevertheless, the work
has to be done somehowe.

Straightaway, it seems logical that this service should be provided by the black-
smiths already in the villages who should thus develop into farriers or rural mechanics.
This implies adequate training and the provision of the appropriate equipment for their work.

BUT WHAT IS AN AFTER-SALES SERVICE?

It consists in ensuring, at all times, the speedy repair of agricultural implements
which develop faults or which break down after supply,

Indeed, it is important that the equipment is always kept in perfect running order
and that, when necessary, the results of accidents or breakdowns can be remedied in the
shortest possible time, regardless of the geographical dispersion of the farms.

Since, generally speaking, the manufacturer, or importer, is not at present in a
position to provide an after—sales service for his equipment and that, in most cases,
the individual farmer has no itraining to enable him to carry out the smallest repair,
only the rural artisans could {and must) become the cornerstones of the proper maintenance
of animal draft implements, and, in consequence, of the patisfactory development of ita
extension,

As regards development of the use of animal draught implements, several other
activities will come within the scope of rural handicrafts. We may mention eaddlery
(at least one of its aspects, harness-making, is of interest to animal draught
cultivation), woodworking or carpentry (making yokes) and sometimes basket-making. These
are the activities we shall now examine,

(1) From the commercial point of view, it may seem bettier to replace the whole
implement rather than a part but, from the economic point of view such action is
undesirable both for the farmer and for the administrative-authorities and indeed, in the

long run, for the supplier too,
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To begin with, we should briefiy recall how the after-sales service for
asgriculiural implements is organized in countries where agriculture is sufficiently
modernized, in Burope for example.

Various professions are involved in the maintenance of agricultural equipment;
- starting from the manufacturer or importer, these are:-

= the regional concessionaire;
~ the dealer-repairer;
= the rural artisan.

The .first, on a regional scale, is rather like a "wholesaler" who distributes the
equipment and supplies the spare parts. He may also undertake major overhauls in his
repair shop.

The second, on a more limited scale, sells and repairs agricultural equipment; his
conventional and material links with the concessionnaire may vary widely.

Finally, the rural artisan deals with breakdowns on a village or group of villages
scale. In addition, he often bas a close relationship with the dealer—repairer for whom
he acts as local feeler, particularly in reporting his clienta' needs.

In Africa, these various intermediaries (who are useful if not essential} do not
yet exist because of the small numbers and wide variety of implements at present in use.

I. PRESENT STATUS OF HURAL HANDICRAFTS

At the present time, as regards agricultural equipment, rural handicrafts are
limited mainly to the manufacture of local design of implement, sometimes copied from
extremely ancient types. We may mention, as an example,’ the hand hoes and the carts
of Madagascar, the traditional hand hoes in Africa, and more or less rudimentary
harnesses (fig. 174).

Little maintenance work is undertaken by the artisan. This is because tke farmer
waits till the last possible moment when parts are worn out or have failed completely
before going to eee the artisan, whose main activities consist in sharpening a tool,
replacing a cariwheel spoke and, sometimes, welding a broken part.

When it is a question of improvements or repairs, the work is usually expensive
(prices are based on import prices or on those of repairs carried out in a city workshop)
and badly done because of lack of itechnical skill and equipment as well as bad choice
of raw materials.

These features apply fairly generally. A distinction must, howsver, be made between
Malagasy rural handicrafts and those of mainland Africa. The Malagasy artisan is
appreciably more capable of maintaining-repairing animal draught implements, one reason
being that he uses mora advanced methods and is better equipped.

A difference should also be made in rural handicrafts between the professions of
blackamith and saddler. The first should be capable of maintaining and repairing
agricultural equipment while the second ehould be able to make various types of harness
ueed locally, which sometimes impliaee that he knows the rudiments of wocdworking.

Under what conditionz, however, do these artisans usually work?
A THE BLACKSMITH

The equipment, tools and working methods briefly described hercafter represcnt vhat is
generally found in French-speaizing Africa.

The worlchop and tools are cxiremely rudimentary (Tie. 175).
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Fig. 174 - Some traditional tools made by artisans
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Fig. 175 - " Sketch of a Nigerian artisan's traditional forze

b llows: ronsigting of two
goatskin Lags

420 -re. 8p

—

Anvils

Sitetches of Tlacksmith's tocls
80
< K

T

-

v !

‘ :

| ; sledge—nammer

: > head
: '
W o
b o
. o~
N |

hammer

bl

S A
—
-




207

The workshop is generally set up under a round shelter, of average diameter 3.50 m,
made of poste driven into the ground on which is lazid a framework of branches over which
may be amdded 2 matting covering.

The forge, made locally, is directly on the ground. It should be noted that come
blacksmiths using portable bellows have dismantled them and set them on the ground so that
they can work sitting down.

The anvil is a simple block, generally of iruncated cone shape, and whose striking
face is 12 to 15 cm in diameter. It is driven into a tree~trunk buried in the ground.

The vice is hardly used at all and very often the artisan uses his feet instead.

The tools usually consist of: sledge~hammers and claw hammers, pincers and tongs,
cold~-chisels, files, etc.

A very few artisans have hackegawe and light anviles.

Working methods are extremely simple. The workman rarely takes measurements. The
use of gauges, the square, the mould, etc. is unknown. The fuel used is wood or charcoal
{often of lowmality}. The raw materials no longer come from the extraction and ireatiment
on the spot of iron ore, but uswally coemsist of Bcrap iron.

B)  THE LEATHER WORKER

This ariisan traditionally works in leather and skins to make fancy leather goods and
articles for shoe-making and, sometimes, saddlery. So far, he has not had occasion to
make harnepess or animals.

He haa r-al workshop and works at home.
Hie equipment, mostly locally made is exiremely limited: paring-knife, polisher,

bradawls, scissors, hammer, etc.

He either buys his raw materials (leather, fabric, thread) or makes them himself
(tanned skins, fine strips of leather instead of thread5.

As regards working methods, it may be said that his ekill is some cdmpenaation for
is lack of technical knowledge.

So that rural handicrafis may play the important part they are capable of in the
development of animal draught cultivation they must either be trained or their skills
improved, but thie involves qualified experts. The artisans should also be given the
necessary equipment for dealing with new requirements.

1I. IMPROVEMENT OF RURAL HANDICRAFTS

What part can the rural artisan play in the development of enimal draught cultivationm,
how can his equipment, training and working methods be improved? These are various
questions we shall briefly examine velow,

a) THE ROLFE OF hUURAL HANDICRAPFTS

Developmeny showld enable:=

-~ the blackewiths to ba in a posltion to maintain and repair (and poesibly adapt)
locally or regionally dietributed agricultural implemente; their main concern
w:ll be to help the farmer, whoss requiremente they should be able to meet
compleiaily, as regards bolh animal draught implements (maintenance and repair)
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and the traditional agricultural tools (hoe, sxe, sickle, knives, etc.) whose
quality will have to be improved;

the harmess-~makers to be in a position to make the various types of harnesses
recommended by the qualified Services (Yokes, collars, saddles, traces, draught
poies, etc.) and to maintain and repair them.

B) IMPROVEMENT OF EQUTPMENT AND WORKING METHODS

1)

2)

The blackemith (fig. 176=177)

He must be taught how to improve his present methods, to know how to use better
tools and how to make use of new methods.

The main requirements for improving methods and traditional tools are as
follows:

the use of better fuel with a higher calorific value;

« general praciice of working standing up;

= adaptation of the traditional equipment to this new method of working,
inveolving raising the roof of the workshop but also the forge and the anvil.
It will then be necessary to have a bench for the tools and these latter
might need longer handles;

= +the use of measuring and marking instruments: rules, square, compassed,
scribers, gauges;

= the use of ancillary forge methods: hot and cold cutting, stamping,
punching and splitting, welding and brazing; forging of steel (shares, hoe
and harrow teeth), tempering;

- +the use of various assembly methods: hot rivetting, oxyacetylene welding,
the use of screws, bolts and washers;

-~ improvement in finishing: the use of files, a mould, a polisher;

- the routine maintenance of and simple repairs to mechanical farming
implements,

The harnesg-—maker-saddler

The harness-maker, whose skills are generally considered to be good, must
however be given additional training so that he may improve his traditional

methods and, in particular, he muest be able tc do a limited amount of wood-
woTk.

He should, therefore:=

= be taught the use of a wider range of toole {pedal operated Jmife, curved
bradawl, compasses, punching tool, etc.);

- learn new working methoda (two needle sewing, leather thong sewing,
marimum use of local raw materials, eic.);

~ be shown how 10 make the new articles expected of him (yokes, collars,
traces, etc.).
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Suggested diameter of workshop: about 3.50 m
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C) IMPROVEMENT OR TRAINING OF RURAL ARTISANS

The rural artisan blacksmith, as described above, will be an impertant link, if not
an essential one, between the Manufacturer or Importer and the User of agricultural machines.

It is, however, only gradually that the rural artisan will be able to play this part. He
must first be trained. '

It is the responsibility of the appropriate public services to undertake or promote
the establishment of the neceasary basic tools and equipment.

We cannot list here all the requirements for training the rural artisan. After
mentioning some of the steps taken in certain countriee for improving the professional
qualifications of the rural artisans, we shall give two examples of such training, at
different levels.

In Madagascar, the Minieter of State for Rural Economy has created a Technical Aid
Company (the S.A.T.E.C.) responsible for working out and then implementing a programme
for improving rural handicrafts, The aim is "to teach the rurzl artisans the simple
techniques of mechanics, forge work, welding and brazing, so that they can repair
agricultural implements and make various eimple agricultural tools or machines.”

In Senegal, a factory meking agricultural equipment (SISCOMA), considered it vital
to set up, within the factory iteself, a professional training center. This trains the
members of ithe distribution neiwork and the agricultural extension workers and also ruus
a series of courses for rural artisans "who can thus improve their rudimentary methods

and acquire an extensive knowledge of the implements they may sometimes be called on to
repair'.

It is to be hoped that other local factories making or apsembling agricultural
equipment (ABI in Ivory Coast, TROPIC in Cameroon, SIDEMA in Madagascar) will adopt a
similar attitude towards the training of rural artisans,

In Upper Volta, & harness-making workehop has been aset up at the instance of the

local SATEC agency and irains harmess-makers to make the various types of harness used
locally.

In Niger, the U,N.C.C. is concerned about the rursl handicrafts problem and is
planning to organize a mobile workshop {temporarily the best solution) pending the training
of the village blackemiths {0 maintain and repair agricultural equipment. In order, at
least partially, to alleviate present difficulties in this field, the C.E.E.M.,A.T.

Engineer responsible for the practical training courses in agricultural mechanics is
adjusting his subject matter to include a large amount of simple mechanical work and is
making particular efforts to provide specialist training for certain rural -artisans.

In Mali, the local authorities, faced with the general distribution of agricultural
equipment and with the fact that, for the moment, the local &artisanes are unable to carry
out maintenance or repair work, have made special arrangements. As an integral part of an
experiment they are financing, these authorities have called on the C,E.E.M.A.T. and the
BeD.Peha, jointly, to train qualified technicians and to equip the service vans, which are
wsed on a roving basis for extension work, for the repair of agricultiural machinery. These

vans carry the necessary tools and sets of spares for the maintenance and repair of locally
distributed implements, (figz. 176=179),

~ 18t example: The iraining of rural artisans in Ched {Pala and Fort Archambault)

The aim here is to irain general purpose rural artisans to work on their own account
in the villages of Southern Chad, where animal draught cultivation is developing.

The instruction is essentially practical and is given by the I.L.C.; it is

desi§ned to train pupile to become cartwright~blackemitha (working in wood and in
iron).
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SOURCE AND STANDARD OF PUPILS

These are young adult Chad citizens, 18 to 30 years old, from the up—country villages
where they want to work.

Their level of education is generally limited to 2 or 3 years at a rural school, In
most cases, they have already lost the henefit of this schooling, dimmed by time and the
lack of opportunity to make use of the knowledge gained, Candidates are however required
to know how to count and be able io speak either French or Arabic in addition to their
mother tongue.

SOURCE AND STANDARD COF INSTRUGTORS

Cther than two International Labour QOffice experts who are specialists, one in iron-
work and the other in woodwork, three {had instructors help with the training. The latter
are young men from the south of the country whose scholastic knowledge is at about primary
school certificate level, with additional technical training to professional competence
certificate level; {hey must be able to speak one or more local dialects.

LENGTH OF TRAINING

The total duration of the training course is about $ months and includes:—

- basic traeining: 120 working days, made up of 60 days on wood work and 60 on
iron work

- practical in-service training: 70 working days.

TRAINING METHODS

Two workshops, one for wood and one for iron, enable the pupile to work as
apprentices using very simple tools, without any motive power, similar to these they
will have to use in the villages where they will be working. The details of the training
programme have been worked out on the basis of the following criteria:

- local manufacture byltraditional artisans;

— new requirements resulting from the recent introduction of animal draught
cultivation.

During their time at the Training Centre, the pupils make some of their tools themw
selves (forge tools, bellows, various gauges, etc.). The others are made available to
them, thanks to a loan from the Chad Development Eank (B.D.T,) of about 90,000 F CFa,
repayable in 3 years. .

They are also given instiruction in basic business methods which is essential since
these artimane are granted a loan by a State bank to set themselvems up, molely on the
guarantee of the future success of their business.

A roving mobile workshop aesists with the practical in-service training. This is
carried out in the home villages of the pupils, and enables them to be helped in setting
themeelves up.

COST_OF TRAINING

The premises used are old disused Army buildings on the outskirte of Fort Archambault.

The cost of training (operating expenses) has been estimated at 200,000 F CFA per
Pupile.
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- 2nd example: Training of rurg;,artisaha in Madagascar

The Rural Development Commission considers that the artisan should be trained
where he norwally works, or under as nearly similar conditions as possible.

' In order to do this, a mobile workshop has been used to set up demonsiration
centres. The artisans taking part in the demonstrations are then vigited
individually, each case being considered separately.

Training of the artisans varies with their level of de:elOpmant. They may be
grouped into two main categories:

LEVEL 1: These are artisans working in the most traditional way with bad tools and
. who usually have very little money. Their monthly income is estimated
at about 4,000 Malagasy francs tc feed a usually large family including
children too young to help.

LEVEL 2: These are artisans using better tools and more rational methode. Their
monthly income may be assessed at about 10,000 F. Their training must
be specifically orientated. (reater emphasis must be laid on
organization and management.

The technical training of the first group (Level 1) covers:
= plough repair and maintenance operations: how to repair a wheel, beat
out a chare, straighten a mouldboard, beat out or remake a bar point

share, and adjust the plough;

- improvements to tools (tongs) and the introduction of new tools (die
stamps, taps and dies);

- the manufacture of items in general use, in order to make use of slack
periods (yoke rings, wheelbarrows, forks, small hand tools).

The technical training of the pecond group {Level 2) involves:
= maintenance apd repair operations on a variety of implements;

~ modernization of equipment (drill, hand-press, sheet metal roller,
bending machine for wheel rime, etc.);

- oxyacetylene or electric—arc welding (1}; it is, indeed, essential to
introduce welding to the artisans; nothing really consir:ctive can be
done without the assistance of this new technique (some :dvanced artisans
already possess oxyacetylene welding equipment, often wivh an acetylene
generator, and one of them even has electric welding equipment);

=~ the manufacture of emall items;
-~ the production of agriculjural implementes (rotary rice we:der, cart).

The technical training of the two groups is completed by commercial training
“appropriate to their level.

(1) In view of the cost of a new acetylene generator (45,000 Malagasy france), it is
difficult to insist on its purchase when it ie desired to popularise welding. The
use of bottled acetylene seems more economical. A definite opinion can, however,
only bte given when the efficiency of locally made generatora is kmown.
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I11. FROM RURAL ARTISAN TO DEALER-REPAIRER

Although it may seem to be asking too much to want, straightaway, to establieh a
network of dealer-repairers similar to that found in countries where agriculture is
highly mechanized, there is no question but that the matter must be examined in the
years to come with a view to progressive training towards this profession. It will,
indeed, have a major part to play and that sooner than might generally be expected.

4) THE ROLE OF THE DEALER-REPATRER

He will be responsit.e for selling agricultural equipment, which means that he must

be capable of assemblins, the equipment made by the factory, adjusting it and demonsirating
it to the farmers, :

He must be able to maintain it end repair it, like the rural artisan, tut at a more
advanced level, In order to do thies, he must know how to use the implements, be capable
of using modern working methods and have the necessary tools.

He will be able to0 manufacture certain simple agricultural implements and to adapt
other more complicated implements to local conditions. In this role of manufacturer,
he must be organized to meet demand and be encouraged towards production of work of
impeccable quality.

As a manager, he will have to learn how 10 keep accounts, complying with current

social and finapcial regulations, how 1o assess hours worked and their value and thus
establish prices for his work.

He musi be capable of diversifying hig activities in order to ensure full employwment
for himself,

COMMENT :

There are now in Madagascar, aB a result of encouragement from the Handicraftis
Economic and Technical Centre (CETA), a certain number of highly qualifiad rural
artisana who are undertaking, under adequate supervision, the manufacture of varioua
pub-aspemblies for simple agricultural implements, such as parts of rotary weeders
or puddling harrows. '

These artisans got their raw materials from the CETA and deliver the manufactured
sub-agsemblies to it. The main advantages of this sytem are the quality of the raw
materials used and that of ensuring a market for the parts made.

B) HOW CAN TODAY'S RURAL ARTISAN BECOME TOMORROW'S DEATKR-REPAIRER?

The most highly technically qualified rural artisan will never become a first class
dealer—repairer without a basic knowledge of the aocounting and management appropriate
to his profeesion. In addition he must become familiar with the implements he has to sell

or repair and heve adequate equipment. Finally, his responeibilities must be clearly
defined.

1. Commercial iraining

This must be applied particularly to the establishment of coat prices, repair charges
and book-keeping.

- COST PRICES

The method of calculating cost prices mupt be very simple, so that it may be
underetood and applied by everybody. To begin with, a simple method of weighting the
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price on the basis of all ancillary expenses should be used,

Payment for time worited must also be faken inio account.

When several workmen are employed, labour coets must be calculated.

The problem of amortization must be examined as soon as implements are acquired. In
this commection, a parallel may be established between payments spread over a period by

means ¢f bank loans and the progressive building up of a reserve for buying new equipment.

—~ ESTABLISHMENT OF A SCALE OF CHARGES

" It must be possible to work out a scale of charges on the basis of the cost of the
work or of the items produced in large quantities. For particular work, the concept of
an estimate must be understood.

The agricultural extension workers must be informed of the scale of charges so that
they can in turn advise the farmerr., It should show the cost of the commonest repmirs
and that of items made by the artisans.

~ BOOK-KEEPING

It ie absolutely essential to keep a daily accounts book and an invoice ledger,
prepare invoices, make inventories etec.

Finally, the dealer-repairer must be able to go through a spares catalogue and write
out an order.

2. EKnowledge of eguipmeni

It is up to the manuracturer or his local representatives to advise future dealer-
repairers concerning all the manufactured items they will be responasible for distributing
and maintaining.

This may be done at training courses during slack periods for the dealer-repairers.

3. Working equipment

When a rural artisan has to sell new equipment, repair it and supply spares to the
users, in short, do what is expected of him, it is clear that the workshop, as described
earlier, will no longer ve adequate. '

It will no longer suffice to use a space open to the four winds, nor a scanty set of
tools. On the contrary, in addition to the workshop itself, there muat be space for the
gtorage of nevw equipment and spare parts. In addition to the conveniional tools, there
must be a certain number of special tools and gauges appropriate to the equipment
distributed, These tools may be furnished by the manufacturer.

4. Area to be gerviced

The area to be serviced will depend on the number of implements distributed, their
complexity and the drive of the dealer—repairer and also of the professional skill of the
farmers (who may themselves be able to carry out various minor mechanical tasks).

A priori, it seems that an area of up to 20 km radius round ihe workshop will be the
beat suited for ihe distribution of animal draught cultivation equipment in that, or the
one hand, it will provide sufficient work for the dealer-repairer, and, on the other, a
speedy repair pervice for the farmers concerned.
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This will mean that the dealer-repairer will have to provide himself with a means
of transport, possibly a van, so that he can take care of his incoming stocks, deliveries
and field service.

5. Ilnvesiment needed

The adaptation of existing buildinge or, more often, the construction of new onea, the
acquisition of the necessary set of tools and of a vehicle will consiitute a very heavy
expenditure = even the best rural artisan will rarely have the necessary capital available.

Buying on credit will therefore be essential. The necessary loans may be granted by a
National Development Bank or an Agricultural Credit Bamk, or again by the local manufacturers
or importers, in whose interest it iB %0 set up the dealer-repairers. In some cases, the
manufacturers may themselves assume the responsibility for the buildings and the working
tools and equipment and *he setting up in business of the dealer-repairers they have
trained; the latter then become managers of the local businesees thue created.

C) MAINTENANCE AND REPAIRS ON THE FARM

In the same way as the better rural artisans must be capable of becoming dealer—
repairers, the better farmers must gradwally take on thc mainionance of, as well as thae
necessary minor repairs to, their agricultural implements.

The maintenance of, and certain minor repairs to, agricultural implements needs an
espential minimum of tools, the details of whirh are too varied to be listed here. The
tools must be for working with both metal and wood.

As the tools are to be used to keep the agricultural equipment in good running
order, they must themselves be properly locked ~fter,

o]

The rural artisans have a very important part to play in Keeping animal draught
cultivation equipment in good running order. Any operation aimed at the extension of
animal draught implements must therefore take into account the presence and the
qualifications of the rural artisans in the area concerned. Their absence may temporarily
be made up for by state controlled agencies. Some authorities establish such agencies,
or use those aiready in existence, for distribution and provide them with maintenance-
repair equipment (which necessitates management of stocks of equipment and spare parts).
This solution should only be a temporary one pending the establishment of local artisans.

It seems essential to train and increase the competence of the rural artisans, in
the same way as for agricultural supervisors, and extension workers concerned with
agricultural imp’ements,

The best of these rural artisans will be able to become tomorrow's dealer-repairers,
with all the competence normally expected of such a profession, while, at the same time,
the farmers will gradually become more capable of carrying out day-to—-day maintenance of
their implements themselves, even doing minor repairs.
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PART FIVE
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ECONOMIC CONSIDERATIONS

Meapurea aimed at improving the agriculture of the developing tropical countries
muet be undertaken on a large scale t0 achieve the best results. This means that
measures must be taken simultaneously on all factors affecting production, working
methods, use of good seed and seedlinge, fertillizer application, crop protecticn, crop
production and stock~raising together when possible, with increased mechanization and
improvement of methods of management and organization; all these factors are

interconnected. Among them, mechanization ig particularly important.

I. MECHANIZATION AND PROGRESS IN TROPICAL AGRICULTURE

The provigion of mechanical agricultural equipment results in an increase in output
both from the land and from labour, In addition, it ie one of the essential conditiona
of any human and social progress for the majority of the agricultural population of all
countries, whether developing or wealthy and industrialized.

A) MECHANIZATION OF AGRICULTURE -~ ACHIEVING INCREASED PRODUCTIVITY OF LABOUR

Agricultural productivity is the ratio of production to the amount of work needed
to achieve it.

Some examples, taken at random from the many C.E.E.M.A.T. references on the subject,
may give us an awarensess of man's limited working capacity unless he is helped by
appropriate equipment, however rudimentary.

- in Madagascar, in the Basse lkopa regzion, cassava-growing involves 143 or 87
daye' work per hectare, depending on whether the work is done wholly with hand
toole or with the aid of animal draught cultivation implements;

-~ In Senegal, with ground-nut growing, these figures are respectively 480 and 311
hours! work per hectare,

In the first case, the productivity of the work done is approximately doubled, simply
by using animal draught cultivation implements. In the second cape, the increase is
again considerable.

B) MECHANIZATION OF AGRICULTURE - ACHIEVING INCREASED PRODUCTIVITY OF THE LAND

This is a much less tangible aspect of the value of the mechanization of agriculture.
Although it is lese well-known and is also difficult to measure, it should, nevertheless,
certainly not be over—looked.,

1. Increase in unit yields

Various operations, made popaible by increased working capacity and speed of
execution, are proof of the techniocal advantages of mechanization,

= Cultivation operations carried out at the appropriate time.

Example: an IRCT trial, carried out at BOSSARGOA (Cemtral African Republic)'in 1962-
63, confirmed the best date for sowing cotton (15th June) and demonstrated the fall

in production of 1% for each day's delay in sowing. The use of a planter is therefore
well worthwhile.,

= HWork made possible by the use of additional power,

Example: land difficult to plough before the rainy season.
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- Improved quality of work.

Example: in the Camercons, in the Diamaré Department, the CFDT observed that the mere
fact of ploughing the earth increased cotton yields by 10 to 20% compared with manual
preparation with & hoe,

= Speedy harvesting, limiting losses.

Example: gome varieties of ground-nute, with & ghort dormant period, germinate in
the ground if they are not harvested as soon as they are ready; hence the value
of lifters.

2. Intensification of cultivation

Additional cultivation activities, multi-cropping roiation of crops (cash crops and
subsigtence crops), growing inter-sesson crops, growing green fertilizer, etc. are all
new activities made poseible by mechanization.

Je Improvement in the ity of the produce

The improvement realized as a consequence of crop protection treatment, of
harvesting at the beat time and of good preservation as a result of transport of the

produce to sheltered storage and, possibly, better processing, all lead to an increase
in the value of harvested crops.

C) MECHANIZATION OF AGRICULTURE -~ A FACTOR OF SOCIAL IMPROVEMENT

Improvements in the productivity of the labour and of the land lead to an increase
in the gtandard of living of the farmers who find their incomes increased. The
nutritional standards of the farmer and, more generally, of all the inhabitants of the
country are also raised.

By facilitating heavy work, replacing most of the arduous tasks by animals or other
sources of power, the mechanization of agriculture relieves man of much physical effort.

On no account, however, must the obligations involved in the use of animal draught
cultivation be glossed over: training of the animals daily care (feed, grooming),
maintenance of equipment, construction and maintenance of a cattle-shed, transport of
gtraw for litter, transport of manure, etc. are some of the additional tasks that the
farmer must face. All this work is, however, very well compensated for by the advantages

he gets from his equipment (faster and less arducus work, and, in particular, the
production of manure).

From a more generazl point of view, we should remember that the provieion of
agricultural equipment ie of interest to the majority of the population in countries
which are still mainly agricultural., It therefore seems capable of being a great step
forward towards equitable income distribution in countries with a mixed economy,

Finally, the mechanization of agriculture is also likely to have very favourable
congequences on the general economy of the couniry, which we cannot, unfortunately, go
into in this manual. We shall morely make a few comments, in the next section, on
rural economice as applied to the mechanization of agriculture.




221

II. AMOUNT OF CAPITAL TO BE INVESTED, MAINTENANCE AND AMORTIZATION

There is practically no information available on this economic aspect of animal
draught cultivation. Some Authors have tackled this particular aspect incidentally,
sometimes making a distinction between studies on the matter at individual farm level
and those made at a national level,

The information available about the relatively old animal draught cultivation
methods is too scattered and their large scale extension is too recent for it to be
possible to make a valid economic assessment.

The main items to be examined in such a study will however now be indicated, so that
the technical experts concerned may make a preliminary approach to these questions.

A)  INVESTMENT

Investing in equipment means increasing the means of produotion, The farm must,
however, be in a position 1o accept the suggested new equipmens. In other worde, it ie
espential that this equipment should fit in with the organization of the farm, as it is at
present, or as it is likely to become, The introduction of any new equapment on a farm
muat, if it is to be economically viable, be accompanied by some reorganization.

It is therefore difficult to be specific about the amount of capital to invest,
without basic data on the organization of the farma, or data enabling an assessment to
be made of the implemenis needed io equip the farms rationally, Furthermore, each
cage must be treated on its particular merits.

Knowing the details of a particular farm, what then would be the various appropriate
categories of investment?

1) The draught animals

Depending on climate, the countries concerned, the animals available and traditional
customs, units of draught btullocks, cows, horses, donkeys and even camels may bs found.

Whichever of these draught animale is involved, the sum invested applies either to
the purchase price of trained animales or - which ie more difficult to assess = to the

cost of raising the animals by the farmer himeelf, to which must be added the cost of
training them (1),

On some state run farms ihe value of draught animals acquired by a farmer may include
incidental expenses such as: maintenance of the animals before distribution, transport,
insurance, vaccinations, etc.

2) The cultivation implements

When the equipment appropriate to the farm has been decided on (some factors in
apsessing this "appropriateness” are given in the next section), oaiculation of the oost
of their purchase does not present any diffioulty.

3} Incidental expenses

Under thie category of expenses may be inoluded, on the one hand, the building of
a deep=litter cattle-shed for housing the draught animale and, on the other, the provision

(1) In order to simplify matters and for areas where animal draught cultivation is
already sufficiently developed for there to be markets dealing in draught animals,
i1 would seem more appropriate to keep t0 the rates found in these markete.
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of a shelter for the implements.

In addition, to oomplete the picture, one oould also mention human investment; for
example, whon & member of the family goes to a Centre %0 learn how 1o traln animals and
how to use animal gdraught implements.

SOME EXAMPLES OF INVESTMENTS 'NECESSARY ON THE INTRODUCTION OF ANIMAL DRAUGHT CULTIVATION

The crop rotutiongystem used is as follows:

ON SENEGALESE FARMS

18t case

The equipment (medium sized unit) consiste of:
a tool frame, fitted with two emall metal wheels, with attachable tocls

The cultivated area is 6.40 hectar~. (3.20 ground-muts; 1.60 millet;

(multioultivator),
a cart,

& pair of oxen.

manure) .

ground-ruts, millet, green manure.

1.60 green

The family consists of father, mother, young brother, a paid employee, a 10-year
0ld child and an infant.

The investmenip are aB follows:=

2=-row planter 34,130 F
2-wheel forscarriage 3,600 F
chain harrow 5,325 F
spring tine cultivator for weeding 4,800 F
lifter 8,332 F
plough 4,750 P
cart 27,000 F
a pair of trained oxen 25,000 F
TOTAL 112,937 F CFA
2nd case

The equipment (large unit) comsists of:

- an axle fitted with pneumatio=tyred wheels carrying a chassis ‘on which may be
mounted & cart platform or a toolwbar (polycultivator), with the attachable

toola appropriate 10 the working oonditions;

& pair of oxen.

'I‘l);e cultivated area is B.80 hectares (4.40 ground-nute; 2.20 millet; 2.20 green
manure/.

The family is the same as in the previous case,

The investments are ap fcllows:-

(2)

From J, Monnier's !"Contribution to the study of ox draught in Senegal"; Machinieme
Agricole Tropioal No.10 and 11,
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= chasgeis plus pole 30,605 F
= iron frame platform 5:325 F
- wooden flooring 2,500 F
- 100l=bar “,6B0 ¥
-~ laver 1,875 F
= spring tine weeder 6,645 F
~ chain harrow 5325 F
- 2=rowW planter 3,10 F
- 2 lifters 16,664 F
- arms for attaching the lifters 1,328 F
- plough 8,900 F
= a pair of trained oxen 25,000 F
TOTAL 144,977 F CFA

(The Author has not taken into aocount the oost of building a deep=litter cattle-
shed or an equipment shelter).

AN EXAMPLE OF THE INVESTMENT NECESSARY FOR THE INTRODUCTION OF ANIMAL DRAUGHT CULTIVATION
ON A FARM IN THE CENTRAL AFRICAN REPUBLIC!:!

The crop rotation system used is as follows:

= cotton in the firat year;

~ ground-nuts and maize in the 2nd year with rice and sesame at the tail—end of
the season;

~ 1in the 3rd year, planting of casmava cuttimgs among the traditional food crops;
- in the 4th year, harvesting of the caseava and start of fallow (2 years).

Unlike the preceding ocase, the standard cultivation sequence comsists solely of
independent items.

The cultivated area is 2,10 hectares (0.70 cotton; 0.50 groundnuis; 0.20 maize;
0.50 rice; 0,20 sesame; 0.70 cassava and iraditional food crops); 2.80 hectarss are
however worked Lf the end of season crops are taken into account.

The composition of the family is not etated.

The invesiments are as follows:=—

- plough 8,945 F
- cart 27,000 F
= harrow 5,500 F
= hoe 11,000 F
« 2 yokes (of different lengthe) 2,000 F
= 2 harness chaine 1,900 F
= & pair of trained oxen 33,000 F
TOTAL 89,345 P CFA

(The cost of making a deep-litter cattle~shed and an equipment shelter has not been
taken into account),

(1) Prom R, Morel's "A rural development technique; animal draught in the QUAKA
Province of the Central African Republic'' ; Machinieme Agricole Tropical No,1} -
January-March 1966,
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COMMENT :

If the total investmenis are related to the area under cultivation, the following
amounte in round figures are obtained:=-

= For Senegsal:

15t case (6.40 ha cultivated) 17,650 F per hectare
2nd case (B.80 ha cultivated) 16,450 F per hectare
— For the C.A.R. (2.80 ha cultivated) 31,900 F per hectare

These figures show how important is the farm's organization and, even more so, the
area cultivated, as a factor in assessing ithe equipment needed.

It is for this reason, there being no possibility of inoreasing the area cultivated
per farm, that the organizers of the operation carried cut in the C.A.R. had to organize
the siandard cultivation sequence ito cover 2 and even 3 farms grouped together inte an
"ppgociation", This solution inveolves, however, various difficulties which it would take
too long to go into now (the individualism of the farmers, difficulties which can be fore-—
seen at peak working periods, bad maintenance of the draught animals and the equipment,
etc. ). '

B) MAINTENANCE

Maintaining means keeping in good condition. The length of time the equipment owned
can be kept in use depends ¢n good maintenance.

This is an oft-neglected aspect of plans for the introduction of animal draught
cultivation. Like the equipment and the shelters, the draught animals must be given
constant attention, the cost of which must be taken into account.

1) The draught animals

While everybody knows that an animal hae to be fed, it is quite common to find
that animals doing a considerable amount of work are not given the additional feed
necessary for keeping them in good condition.

In addition, the work involved in looking after the animale (feeding, grooming)
and the veterinary charges they are liable to incur are all items which must be taken into
account. (In the annex on the calculation of the cost of using draught animals, there is
some useful information on how 1o make such calculations,.)

2) The equipment

The equipment wears ae it is used and this is quite normal, but it also wears
quicker the less well it is maintained,

Ploughshares and the hoeiug blades nf a hoe must he replaced after they have
been worn by work., However, when a planker becomes unserviceable tecause it hae been left
cut in the open or when a cart axle wears because it has not been lubricated, this is due
to lack of proper care which should not have occurred.

The replacement of parts which wear normally and such necessary items for
maintenance as paint, 0il and grease &g expenses which are easily calculated,

1) Shelters for animals, feed and equipment

These are generally made of odd bits and pieces and often need no more than
minor maintenance, which, other than a few days' work, does not involve any real expenses.




¢) AMORTIZATION

Amortization consists in progressively rebtuilding the capital sum used t¢ acquire
the means of production on a farm; <this rebuilt capital allows the means of production to
be renewed when they are no longer fit for use.

It is thus easy to understand that the longer the means of production can be kept
in use, the smaller will be the annual amortization instalments. Accordingly, it is most
important to try to prolong (within reasonable limits} the life of the equipment by means
of good maintenance.

1} The draught animals

In this case the amount to be amortized is the purchase price, less the resale
value., The latter may be practically nil (in the cage of horses or donkeys) or considerable
{oxen resold for slaughter).

The length of time animals can be used for draught work varies in the different
countries and the average figures which may be taken are shown in the annex.

It ghould be noted that, in view of the frailty of animals, it is advisable
to insure them.

2) The equipment

There is not yet, in the French-speaking tropical countries, a secondhand market
for agricultural equipment. The amount to be amortized is therefore the purchase price.

Detailed observations have not yet been made on the subject of amortization
periode for animal drawght cultivation egquipment,

It is usual to base calculations on an average of 5 years, the figure
normally used by the Agencies making iocans to ihe farmer. There is, however, no question
but that certain categoriem of well maintained equipment can be used much longer, for
example for 10 years; +this applies, in particular, to ploughs and caris.

Faturally, when estimating posesible life (in years), account must be taken of
annual utilizaiion or, in other words, of the area over which the implement is required to
woTK,

3) The shelters

Being made of odd bits and pieces, it is generally considered that these should
be amortized over 5 years.

] [+]

Other economic aspects could also be examined, in particular, the concept of intereat
on the capital invested (an example with figures, taking this additional item into account,
will be found in the annex,)
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III, COMPARISON OF TIME AND COST OF CULTIVATION BY HAND, WITH DRAUGHT ANIMALS AND WI
POWER EQUIPMENT

It is more advantageous to extend a new method which reduces the use of manpower when
time is precious, when the work is urgent or when the optimum period is short, rather than
to introduce a new method which reduces work in the off=-season or during slack periods,

The problem of peake of work when the farmer is snowed under with urgent agricultural
work is well known in farming. It is & major botileneck in agricultural development, since
it is a factor which limits the area worked and, to some extent, also limits yields.

The other aspect of the problem is under-employment., This appears in various forms:
almost permanent under-employment in some cases, very marked seasonal under-employment in
others and, in many casea, concealed under-—employment.

Assesament of the financial value of working time has, however, two advantages
{although thic assessment is difficult in an economy which still includes a coneiderable
proportion of subsistence level living): on the one hand, it emables all the data to be
reduced to a more general efficiency unit and, on the other, it emables production costs
t0 be examined.

Whatever the apparent advantages of a particular working methcd as shown below in an
example, it is advieable, before introducing new methods (e.g. the substitution of draught
animals for manual labour or power-operated equipment for animal draught cultivation) to
take account of the existing farming system. This is necessary in order to see whether new
methods can reasonably be applied without introducing any unduly advanced innsvations which
might give rise to unfavourable consSeguences.

A) WORKING TIME

To illustrate ihe considerable differences there may be in working time, depending on
the source of power used, we shall take the example of ground=-nut growing.

1) Entirely manual cultivation

CULTIVATION TASK HOURS /HECTARE
- Ground preparation {cleaning with the hand hoe 30
stacking and burning weeds)
~ Shelling the seed nuts 70
- Sowing 60
- Hoeing immediately after sowing 35

=~ Other hoeings:

+ Tirst 50
+» Becond 50
+ third (rarely carried out but recommended) 35
- Manual weeding (large weeds) 20
~ Lifting {creeping varieties of ground=nuis) 60
= Gathering apnd stacking 20
« Threshing, winnowing 50

TOTAL XXX 480 hours
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2)  Anipal draught cultivation

Work carried out with a polycultivator and the following attachable implements:
plough, 2-row planter with fertilizer attachment, weeder, spring tine cultivator, and
lifters.

CULTIVATION TASK HOURS TARE
Man Animals
{pair of oxen)

- cleaning the ground 20 -
= purface 8¢il preparation 16 8
- ghelling of seed nuts 70 -
- gowing and fertilizer application 14 1
« light surface tillage 5 5
- hoeings (thres) 48 24
~ manual weeding along the rows 50 -
- lifting 18 9
= gathering and stacking 20 -
= threshing, winnowing 50 -
TOPA.L LA RY RN N Y] 311 53

3) Partial power-cperated equipment

(In order to retain the similarity with the working conditions set out above, the
work of ploughing in green manures is omitted here.)

Work carried out by means of track tractors (45 hp) for soil preparation and four-
wheel tractors (35 Lp) for the other cultivation taskes.

CULTIVATION TASK HOURS /HECTARE
Man Traoctor
= &oil preparation
« 8tubble-ploughing 2 2
« disc~harrowing 1 -
= pghelling peed nuis 10 -
- sowing (4-row planter with fertilizer attachment) 2 1
= harrowing 1.5 1.5
~ Hoeing {eemi-portable hoe) 2 2
= weeding by hand along the rows 50 -
= lifting, putting into rows 2 2
= goethering and stacking 20 -
= mechanical threshing 12 2
= handling of etacks and sacks 15 1

TOTAL svecancenes 1775 12.5
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4) Full power—operated cultivation

This method of growing ground-nuts is not carried on in tropical Africa but is
regularly used in the United States.

CULTIVATION TASK HOURS /HECTARE
Man Tractor
~ Soil preparation:
« Pploughing . 2 2
« secondary tillage 1 1
~ shelling, chemical dressing of seede and 0.5 -
nmechanical grading of seeds
= Bowing 2 1
- weeding/hoeing
» weeder (2 runs) 1.5 1.5
+ hoe (2 runs) 4
- lifting 2 rows at a time, shaling, putting 4 2
in small piles or rowa
= threshing, miscellaneous handling 15 2
TOTAL cevsansee 30 11.5
5) Comments
Summary of the hours worked per hectare
MAN ANIMALS TRACTOR |
= Entirely manual cultivation 480 - -
= Animal draught cultivation in 53 -
= Partial power-operated equipment 1775 - 12.5
= Full power-operated cultivation 30 - 11.5
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What do these figures i{ell us? At first sight, it might be considered thati the
third type of farming with power-oOperated cultivation ie the most desirable. Indeed, in
this case, the culiivation of a heciare of ground=nuts only requires 4 days' work.

Is this poswsible, however, technically, agronomically, economically and peychologic-
ally?

Before trying to anewer this question, it seems appropriate to compare the costs of
the first three farming methods (since the third method, full power-cperated cultivation,
actually does not, at present, apply in countries which are inadequately equipped generally
and have abundant manpower).

H) PROFITABILITIES COMPARED

We do not at present have the basic data for calculating the cost of a particular
method of cultivation and, even less 8o, the overall expenmes of a particular farmm. It is,
therefore, more appropriate ito apsess the value of the manpower used for different farming
methods, and thie, naturally, for each different crop grown, if necessary, This is what
18 usually called the "value of a day's manpower'.

Taking the foregoing example again, thai of ground-nuts, and despite the many
approximations needed for such calculations not based on a particular farm or equipment,
it is etill poseible to provide the very simple guide lines for making such an assessment.

It is merely necessary to subtract from the market value of the harvest all the
expenaes other than manpower and to divide the result by the number of man days devoted
to work on the particular cultivation. Although this may sound simple, its practical
application needs fairly numerous estimates, as the foliowing examples show.

1)  Entirely manual cultivation

MARKET VALUE OF THE CROP

The average ground-nut yield in Senegal is about 800 kg per hectare and, for
convenience of calculation, the selling price is estimated as 20 F CFA,

The market value is therefore 20 x 80 = 16,000 F

CULTIVATION EXPENSES

- peed: TOkgat 20 F = 1,400 F
= amortization of hand tools per hectare: {00 F

The cultivation expenses are therefore 1,500 F/ha.
VALUE OF DAY'S MANPOWER

With 8 hour working days, manual cultivation neede &gg = 60 days work per ha.

The value of a day's manpower on manual oultivation of ground=-nuts is therefore

16,000 = 1,500 = about 240 F.
%0
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2) Animal draught cultivation

MARKET VALUE OF THE CROP

With the cultivation done better, particularly better working of the soil, taeks
done at the right time and the use of fertilizer, the yield easily reaches 1,200 kg per ha.,
i.e. at 20 F the kilo, a market value of 24,000 P,

CULTIVATION EXPENSES

~ seed: TO kg at 20 Fa 1,400 F

- The equipment used is, in this cape, a polycultivator with the implements
already mentioned. The cost of thie outfit is estimated as 150,000 F CFA, it enables zbout
10 hectares %0 be cultivated a year.

Amortized over 5 years {which is probably low) the annual sxpenditure igs

150,000 = 3,000 F
5x 10

~ The draught animals worked for 53 hours, i.e. at an hourly cost of 50 F
(seeAannex on the calculation of the cost of using draught animals), a
cost of 2,650 F

= 100 kg of fertilizer was used at an average cost of 20 F a kg, i.e.
2,000 P.

The cultivation expenses thus amount tv 1,400 + 3,000 + 2,650 + 2,000 = 9,050 F,
VgLUE OF DAY'S MANPOWER

311 houre! work represent about 39 days.

The value of a day's manpower on animal draught cultivation of ground-nuts is

therefore: 24,000 — 9,050 = about 380 F
39

3) Partial power—operated culiivation
MARKET VALUE OF CROP

Identical with the previous case, i.e. 24,000 F,

CULTIVATION COSTS

- Seed: 70 kg at 20 F 1,400 F

~ Fertilizer: 100 kg at 20 F 2,000 F

~ The equipment expenses are difficult to calculate.

One hour's work by a tractor and the necessary ancillary ecuipment will be

estimated at an average of 1,250 F CFA{1); i.e. an expenditure per hectare of 1,250 x 11.5
= 14,375 F

(1) Bearing in mind that the tracior driver's work has already been counted in the
number of manpower days worked.
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The cultivation costs thus amount to: 1,400 + 2,000 + 14,375 = 17,775 F.
VALUE OF DAY'S MANFOWER

177.5 hours! work represent about 22 days.

The unit value of a day's manpower on power-operated cultivation of ground-

nuts is therefore: 24,000 = 17,775 = about 280 F
22
4)  Summary
With entirely manual cultivation 240 F
With animal draught cultivation 380 F
With partial power-operated cultivaetion 280 F

These figures call for some comments.

They are based on theoretiical data. For example, with animal draught cultivation,
it is only necessary for the polycultivator not to be made full use of (5 hectares
instead of 10) to show a coneiderable increase in the amortizatior charges, and, in
consequence, a reduction in the value of a day's manpower. Similarly, in the case of
power—operated cultivation, a higher average tractor—hour cost (which might be the
consequence of under-employment) would algo result in a lower day's manpower value.

How much importance should be attached to these figures?

To the extent to which they were established on a particular farm, where exact
measuremente were ftaken of the time spent working and where the cultivation expenses

were calculated thoroughly and accurately, 1t seems that the figurcs may be talen as
correct, :

The example given here is based on a single cro¢p, ground, nuis. The same
calculations can be made for a single cultivation operation. Thus, a siudy carried out
in Madagascar resulted in an assessment of the value of a day's manpower spent on weeding
rice-fields, Under certain conditions (weeding with a Japanese rotary weeder on rice-
fields with transplants at 30 z 30) it wae established that this value was more than
1,300 F CFA,

What precisely do these figures signify?

On the one hand, that, in the example given, it is more profitable to cultivate
ground-nuts ueing draught animals and power—operated equipment than using manual labour
alone,

On the other, to use a particular example, assuming that all the manual culiivation
work was dome by one man, that it is preferable to be self-employed, with a value of a
day's manpower of 240 F, than an agricultural labourer on & farm if the standard daily wage
is iess than that amount.

Finally, and particularly, on the basis of a specific farm, these figures can be
used t0 assess the value to a farmer of the introduction of a new item of equipment.

They are only applicable, however, if they afe related to the farm in question. An
exampie will perve to illusirate this restriction.

Let us assume thai, in each case, the area put down to ground-nutse
ba. The annual income under each method of cultivation would then be:—
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- Entirely marmual: 240 F x 60 (days) x 5 (ha) = 72,000 F
~ Animal draught cultivation: 380 F x 39 (days) x 5 (ha) = 74,100 F
~ Partial power—operated cultivation: 280 x 22 (days) x5 (ha) = 30,800 F

There is practically no difference between manual and animal draught cultivationm,
while power-operated cultivation produces an income markedly lower than that of the other
two cases.

In the second case, the only advantage of animal draught cultivation will be a
reduction in the annual time spent working on the farm and, in the third case, in
addition to an even shorter ammual duration of work, there is also a considerable fall in
income.

This example demonstrates the importance which must be attached to the area cultivated
or cultivable on the farm when it is desired to introduce new equipment. In other words,
and this has been an accepted fact for a very long time in countries with modern agriculture,
any introduction of new equipment on a farm must be accompanied either by an increase in
area cultivated or by a reduction in manpower or, by increased yields; if not there will
inevitably. be increased under—employment of the available manpower(1).

These varius factors are closely commected with those set out earlier concerning
the criteria f:r selecting new equipment with the best chances of success.

c) HOW TQ JUDGE THE OPPORTUNENESS OF INTRODUCING NEW EQUIPMENT

The study of this economic aspect of agricultural mechanization is long and complex
because, on the one hand, of the existence of many different implements and, on the other,
of the extreme diversity of the farms to be equipped.

Within the limited scope of this manual, we can only hope to touch on the main
principles involved in equipping the farmer, It is appropriate to leave, to the technical
experts responsible for training and extension, the practical application of the various
factors which depend on the requirements and characteristics of the farms where they
are doing their work,

Indeed, it will, as a rule, be their responsibility to study the most appropriate
nethods to be adopted in each particular case.

Generally speaking, an implement is appropriate when it allows the necessary
agricultural work to be carried out under satisfactory conditions from a technical,
agronomic, economic and funciional point of view.

1) Technical considerations

The mechanization of agriculture must be aimed at increasing the area that can be
cultivated or substituting machines or implements for manual labour. Theequipment should
be able t0 achieve the same output or, preferably, a higher output.

Each technical expert may, of course, have his personal opinion about which machine
he considers suitable for doing the required work properly., No single individual can,
however, know everything. Accurate guidance on the subject must come from pooling the
ideas of a country's various technical experts, together with the resulis of trials

(1) There are some exceptions to this statement, particularly when it is a question of
equipment neseded to perform a cultivation operation within a short and clearly defined

time (eeg. sowing), or else when there is the possibility of sub-contract work on
other farms,
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carried out by an Agricultural Mechanization Triale Station{1).

The standard of the after-sales service, whether it is provided by the manufacturer,
the dealer or the local artisan is also a factor which must not be aver—lacked (see Part
Four).

2) Agronomic considerations

The problem is more complex: as a result of frequent local experiments, tropical
agronomists have learnt to be cautious. It may seem surprising that, generally speaking,
it is not possible formally to advise for or against the use of the plough for tropical dry
agricul ture.

In no case must the proposed implement lead to deierioration of the structure of
cultivated soils (particularly through erosicn), Agricultural technical experts should
be capable of proposing switable methods tu take care of the specifically agronomic
problems which may arise.

1) Economic considerations

Mechanization of a farm always means heavy investment when compared with the farmer's
income. The purchase of a 10,000 F CFA plough is just as much a problem to the Malagasy
or African farmer as is the purchase of a combine harvester to the European farmer.,

It has already been shown how to make a simple assessment of the economic conse-
quences of any change in the equipment of a farm. Let us repeat that none of the aspecis
of the problem must be overlooked:

- +the poesibility of increasing the area cultiivated;
- increasing the productivity per hectare;
~ reducing the manpower needed;

= +the poesibillty of carrying out other work on the farm, such as changing
over to other crops (replacing"subsistence™ by "cash crops"), of catch~crops
(made possible by speedier lifting of the previocus harvest, e.g. onions in
certain Malagasy rice~fields}, artisanal work (e.g. basket-making or pottery)
or, finally, external work (conmiract work for neighbouring farmers).

The financing of mechanization raises problens which are difficult to solve.

In view of the present limited financial resources of the farmers, the purchase of
equipment means, that most of them, have to apply to a national credit agency (of the
Agricultural Credit type). This agency must not exact 2 high rate of iaterest on the
capital loaned and must only demand modest guarantees from its borrowers.

The creation of Aassociations or Cooperatives for purchasing fairly expensive eguip-
ment or which ie intended for use on several small farms whnse area cannot be increased,
does not solve the problem. Although they may allow more rational use of the implements
purchased, such groupings have, to begin with, restricted financial means {a cooperative
ie only rich when iis members are), Here again, therefore, requests have to be made for
loans or subsidies.

(1) We have purposely not mentioned, here, imported implements which have sometimes been
made available to farmers following bilateral trade agreements and without prior
technical study of the precise requirements.
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4) Functional considerations

The farmer must show interest in acquiring the implement and he must be capable of
using it, at.least with advice from competent tgchnical instructors and exrtension
workers.

This aépect, which has already been discussed in Part Two (General Remarks) will
not be further developed here.

To sum up, before considering the introduction of any new equipment on a farm, it-is
advisable to weigh up all the possible agronomic and economic consequences of thie
introduction on the existing farming systems.

Iv, COMBINATION OF THE THREE CULTIVATION METHODS

As we have been able to establish from the examples of the growing of ground-nuts

in Senegal, when work is done by draught animals, some work still remains to be dene with
hand tools.

Indeed, since at the present time, it is impossible to conceive of power—operated
equipment which can carry out all cultivation operations without human intervention -~ if
nothing else the equipment has to be driven by man = animal draught cultivation cannot be
considered a methed which eliminates all manual labour.

A combination of these three cultivation methods may be arranged in various waya:-
- animal draught cultivation with manual assisiance;

power—-cperated and animal draught cultivation;
- power-operated and animal draught cultivation with manual assistance,

A) ANIMAL DRAUGHT CULTIVATION WITH MANUAL ASSISTANCE

This is the type of combination most usually found in Africa in areas where action
has been taken to extend animal draught cultivation.

Cn the basis of the reasoning which prompted the technical experts %o recommend
the purchase of equipment, the implements purchased were usually only suitable for a
single cultivation operation, at least in the early stages of the introduction of animal
draught cultivation., It was a question of removing or alleviating hottlenecks, for
exzmple, gowing within the vital time limits (resulting in a considerable increase in the
number of mechanical planters in Senegal), or of allowing larger areas of land to be
properly prepared (ploughs for rice-growing in Mali and Guinea), etc.

Later, it became apparent that the removal of one bottleneck was likely quickly
1o resul% in another. For example, the feasibility of quicker sowing {leading to an
increase in the areas cultivated) no longer allowed the farmer to carry out proper
hoeing of the larger areas sown.

Thus, in certain areas where the farmers were ready to accept new ideas, it became
possible in time to carry out many different cultivation operations with draught
animale for a particular crop. For examplei—
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= with ground nuts: soil preparation, sowing, fertilizer-spreading, inter-row
weed control, lifting and transport of the harvested crop;

= with cotton: so0il preparation, sowing, fertilizer-spreading, inter-row weed
control, transport of the harvested crop;

- with rice: eoil preparation, sowing (dry cultivation) transport of the
harveated crop.

B) POWER-OPERATED CULTIVATION WITH MANUAL ASSISTANCE

Certain cultivation and prior-to=cultivation (land preparation) operations are
difficult, and even impossible, by hand or with the assistanoce of animal draught; indeed,
in some cases these operations need implemente driven through a power take=off (present
tendency in countries with modern agriculture where the use of rotary implements is steadily
developing.

Depending on the operations involved, the use of a tractor may become more and more
essential., With some, such as power operated cultivation of rice at Richard Toll {Senegal),
the tractor, or-the power—operated implement, carries out all the operations which can be
mechanized.

Elsewhere, with other operations, mechanical power is of interest only for soil
congervation (for example, the CUMA at Grimari and the old SCAERS in Guinea), or for
bringing new land into cultivation (power—operated land clearance for coffee-shrubs at
DALOA in Ivory Coast and deep ploughing of very heavy soile for cotton at SEMNORD in the
Cameroons. There are many areas in tropical Africa where there has been the maximum
poBsible application of mechanical power for all operations. In very few cases, however,
have economically viable results been achieved to date, for the various reasons set out
in the Introduction to this manual.

To use power only for soil preparation (necessitated by difficult soil conditionms,
the lack of draught animals, etc.) can, together with good management, give satisfactory
resulis. This is the case, for example, with the cotton-growing in "Association" carried
out by the CFDT in Senegal, with rice-growing by the SCAERs in Guinea (at least during
the last few years of the operation), with the CUMAs of GRIMARI and with rice-growing in
North Cameroon (SEMARY).

A combination of working methods, tractor power and manual labour, may be justified
economically when the necessary prior studies have been carried out and good management
organized, contrary to what may have been writen elsewhere, i.e. that such a combination
was only a "hybrid compromise"™ which could not have lasting good resulis.

A combination of mechanical power and manual labour has also been criticized for
causing a reduction in the amount of work done by the farmers concerned who "sit under
a mango-tree watching the tractor work for them"., Against this staiement, which may
indeed be true in certain cases, the example may be quoted of the old SCAER at DRAGUEDA
(Cuinea) where, on average, the farmers, with their animal draught cultivation equipment,
work twice the area tilled by the Power Cultivation Section. The example may also be
¢quoted for certain modern peasant farms such as that at MWEA in Kenya.

This confirms, morecver, that any introduction of new equipment (whether bought or
hired) cannot be successful without changing the organization of the farm.

Indeed, the iniroduction of any new technique, is only valid when it has been
thoroughly prepared from all points of view including, and most important of all,
psychological preparation of the farmers concerned.
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c) POWER-OPERATED AND ANIMAL-DRAUGHT CULTIVATION WORK WITH MANUAL ASSISTANCE

Such combinations of working methods have so far only rarely been directly applied.
There are however aome "reconversions" of power-operated systems 10 a combination of power—
operated and animal draught cultivation work, such as that in which the SEMA at BOULEL
(Senegal) is taking an interest. From the beginning, however, these reconveresions are
burdened with a very heavy infrastructure and implements which are not always very
suitable, thus considerably hindering efficient management.

Nevertheless, two cases may be mentioned where a combination of these various
working methods has been organized with matisfactory results. These are the operation
started by the B.D.P.As in 1952 at the SAKAY, in Madagascar and the "CUMA de GRIMARI"
operation in the Central African Republic, for which was recommended the use of animal

draught cultivation for the various operations following on preparation of the soil by
tractors,

Certain other operations may also be reported where land improvement (clearance,
levelling, Qrainage or irrigation works) has been done with power—operated equipment
and on which the subsequent cultivation is done with animal draught equipment.

It appears that the reason why practically no operationa of this kind have heen
organized, ie that the agricultural technical experts have a tendency to feel, when
draught animals are available in a region, that it is out of the question to recommend
the introductica of tractors. BSuch an opinion is pariially justified at present, while
the resources of the developing countries still do not permit the widescale introduction
of imported power-operated equipment.

The agriculture of these countries must not, however, be considered 0 have
reached its final stage. As a country develops, so will the proportion of its population
working in agriculture decrease, while the desire to work with new techniques will in-
crease; all reasons which will inevitably lead, over a period of time - to which it is
gtill almost impossible to set a definite limit = to the general use of power-operated
cultivation equipment.

Whenever possible, the combination of the three working methods discussed here
(power-operated, animal draught and manual labour) will have the following advantages:
first, of allowing increased areas to be cultivated and, second, of causing an increase
in productivity and production (this, naturally, on the assumption that all the
necessary precautions are taken to ensure t{he viability of the actions taken) and,
finally, of progressively putting the farmer in contact with the equipment he wiil
sooner or later need to use,

It is this final point which deserves attention in those countries where such
operations are already poesible.
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ANKEX

SIMPLE METHOD OF CALCULATING THE COST OF
USTNG DRAUGHT ANIMALS IN THOPICAL COUNTRIES

This is a working method enabling a calculation to be made, with reasonable accuracy,

of what the cost may be of using draught animale in the wvarious cultivation operations now
being developed.

The study of the. profitability of animal draught cultivation iteelf, a much broader
and more complex problem, will not be examined here for lack of sound information on the
subject. It is one which needs a knowledge of many specific and deteiled factors,

particularly the size of the farms with relation to the equipment and, naturally, to the
kinds of crop grown.

The hourly cost of utilization depends on how the animals live (whether sheltered or
kept in the open air), how intensely they are made tc work (annual duration of use) and
wnat species is being considered (ox, donkey or horse).

Generally speaking, tropical Africa oxen are mainly used, horses sometimes (chiefly

in Senegal) and donkeys rarely (Upper Volia) with grazing for feed and, frequently, very
low utilization rates.

There are, with draught animals as with tractors a certain number of items to be
examined in turm, which, although they are often identical, are for convenience's sake,
listed in a different order.

The main calculation items to he studied are am follows:

capital costs, with amortization and interest;

- expenses for feed, in which a distinction may be made between normal feed
{maintenance ration) and high quality feed {working ration);

- meintenance expenses inclvaing grooming and other cars, harnmess, shoes and
veterinary charges;

~ operating expenses;
~ overheads, including housing and insurance of the animals.

Like the apsessment of the hourly cost of operating tractors, that of operating
draugnt animale has various characteriptice which are peculiar to the African countries
and Madagascar. In particular, we may mention :

- feed, at least as far as natural pastures are concerned: very often, the
latter do not involve any expenditure;

-~ shoes: the animals are very rarely shod;
~ veterinary attention: often provided frealby the responsible Services;

-~ housing for the animals: unfortunaiely, very rarely provided,
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Nevertheless, so that the Reader may be aware of all the factors involved (if
only on a research Station or & big farm, where the various restrictions listed above do
not apply), all the items which should enter into the calculation will be examined, Two
examples with figures, one concerning a family farm and the other, work on a research
Station or big farm, will serve to show both the simplicity of the calculation to be
carried out and the considerable difference in the cost of the draught animals in the
two cases considered.

THE DIFFERENT ITEMS IN THE CALCULATION OF THE COSTS

1) CAPITAL EXPENSES

a) Amortization

In calculating the amortization, account is taken of the market value of the animals
and not the capitalized breeding expenses. Indeed, if the animale were raised on the farm

itself, which is, moreover, often the case, these expenses may well be above or below the
market value(1).

The amount to be amortized will therefore oe the purchase price or the market
value {2) less the resale value (or slaughter value).

The value to be amortized may, in certain cases, be nil or even negative; for example,
when ihe resale value, after use, is higher than ihe purchase price(3).

It should also be noted that the resale value may be practically nil. This is the
case with donkeys and, in certain countries, with horees, where horge=meat is not eaten,

(1) In agricultural book-keeping the increase or decrease in value found will Tather be
shown in the profits and losses account under ihe stock=breeding section.

(2) The purchase price includes the cost of training the oxen. This cost may be
considered negligible if the training is done by the farmer himself. On the other
hand, ae part of the operation of extending animal draught cultivation, it may
account for a relatively large part of the selling price of the animals, This is
the case, in particular, in Senegal, where irainers are paid on a flat rate basis.
of 2,500 F CFA per pair of oxen,

(3) In Senegal, a pair of oxen is cited which, weighing 2680 kg a head when purchased,
are resold after use as draught animals for 5 years, at a higher price; this because
of a gain in weight of the order of 100 to 120 kg a head.
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The time the animals are kept in use for draught work varies from country to country;
the average values may be taken as follows:i—-

— oxen : 6 years (1)
— horses : 7 to 8 years (2)
- donkeys: 8 to 10 years.
b) Interest
This should theoretically be calculated, like any capital asset, on the real value
of the stock. In order to simplify matters, it will be calculated at 6% (3} and applying
this to 75% (4) of the purchase price of the animals (trained and ready for work).

2) FEED COSTS .

Here, a distinction must be made between high quality feed and coarge feed. The
latter is generally, particularly on family farms, considered to cost nothing{5).

Although, with developed agriculiure, when deciding on the animals' rations, account
is taken of the energy value of the feed, the quantity of digestible nitrogenous matter it
containg, its bulk and its cellulose content(6), etc., in our case and as a first approach
to the question, only the energy requirements of the animals will be considered.

(1) In Senegal: responsible farmers usually keep their draught animals for five years and
resell them in good condition. This figure of 5 years may be considered an acceptable
average. Some speculators make their oxen work for one or two years and then resell
thems On the other hand, cases are quoted of animals having worked for 8 to 9 years
and which are then resold at a profiti for slaughter,

In the Boulel region, the oxen (Gobra~N'Dama crosses) are trained when 3-4 years old.
They are used until they are 7,8 and sometimes even 12 years old which means 3 to 8
years! continuous use for cultivation work and for various transport tasks (water, wood,
feed reserves, harvesting, etc.).

In Ivory Coapt: a partial cemsus of draught oxen (in the Korhogo region) showed &
3=year olds, 22 4~year olds, 10 H-year olds and one b-year old.

In Mali: according to an inquiry carried out in 1960, 30,000 oxen were in use for
cultivation work, their ages lying between 4 and 12 years. In this country there is

a tendency %o make young oxen (3—year olds) work and %o keep them in service for a

long time (up to 12 years in extreme cuses); they are frequently used for B years.

{2) Nevertheless, it is frequently found, in the towns, that horses are still pulling
caris when they are 15 years old.

(3) Mean rate of "medium term" loans granted by local Agricultural Loan Funds.

(4) Although we take 50% in the case of agricultural implements, we allow 75% here; this
to take into account the fact that the value of the draught animals increases during
the first few years of use and, generally speaking, then falls off very slowly; with
equipment, the value starts falling immediately after purchase,

(5) Nevertheless, in countiries where agriculture is highly modernized, account is taken of
the fact that the consumption of feed by draught animals results in a loss of income as
compared with its possible consumption by animals in milk.

(6) Trials have proved that the animals of tropical countries assimilate high cellulose
content feed better than those of temperate countries.
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a) Daily energy requirements
These requiremenis were given in detail in Part One, Section VIII of this
manual .

b) Forage values of local feed sources

A table of references was given in the same section of the manual.

c) The etimation of feed costs,with particular reference to high quality feed
(millet, sorghum and maize; cassava roots, etc.), must be based on selling
prices on the local market and not on their cost price to the farmer (a
figure moreover which it is usually quite impossible to calculate).

3) MAIWTENANCE COSTS

a) Grooming and other care costs

When this work is done by the family it is usually not taken into account.
On big farms the basis for calculation will be 125 hours' work per animal
per year (i.e. about 1/2 an hour a day). This figure, moreover, may vary
widely, depending on the amount of care given to the animals (for example
the need to bring water to them or to take them to a drinking place).

b} Harness
Depending on the type of harness (various yokes, collar, breast-strap, etc.)
and the quality of the materials used in making them, harnesses may be
amortized over 1 to 5 years.

With a specific type of harness, this amortization time will itself depend
on the annual utilization of the draught animals.

c) Shoes
Animals are very rarely shod in Africa.

d) Veterinary charges and medicaments

This group of expenses is, in some African countries, covered by a "Veterinary
Agsistance” scheme under which the farmers can, on request, gbt the necessary
prophylactic treatment for their animals free of charge.

In other countries, or with large private and even gometimes state farms,
this has to be paid for. Although not many references are available, it
appears that the average annual expenditure may be z2ssessed at & of the
value of the animals,

In Section IV of Part One of the manual, will be found a list of the main
prophylactic treatments to be given to the animals,

4) WAGES OF THE DRIVER

Even if the work is done by a member of the family, the hourly or daily wage,
depending on how the animals are used, must be taken into account. In any case, in
assessing the amount to be entered under this item, the possible incidence of social charges
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and paid holidays must not be over—looked.{1)

5) OVERHEADS
a) Houging
An animal needs an enclosed space of about 30 m3 for its shelier. This .dea
of size is given for information: in the French-speaking tropical coun ries
the animale are usually housed in traditional +type partly open shelters.
These comstructions will be amortized over 2 to 4 years, depending on the
quality of the materials used.
) Insurance
When a farmer uses his own animals, this expenditure is very often nil,
but it is one which must not be over-looked when the draught animals are
bought on credit. In this case, insurance is even compulsory in some
countries such as Madagascar {Mutuelles de 1'Alaotra) and Senegal where
the animals are marked{(2}.
o
o o
(1) As an example, in the Republic of Congo Brazzaville, the emplayers' social charge
contribution amounts to more than 25% of the wage paid to the employee (Marchée
Tropicaux No. 944 of 28/11/64, page 2872).
(2} In Semnegal, only 8/10ths of the animal's value is insured, the hide b ing estimated

as worth 2/10ths; it is understood that the annual rate is 8% for an animal sold on
credit extending over 5 years.,
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EXAMPLES WITH FIGQURES

The following examples relate to the hourly cost of ueing draught oxen (the most
frequent cape) on a family farm and also on a large farm (with paid labour),

1) ITEMIZED DETAILS QF COSTS
-~ Purchase price ¢f a pair of trained oxen 32,000 F CFA
{each weighing 150 kg)

- Resale value (for slaughter) 20,000 F CFA
- Value to be amortized 12,000 F CFA
= Amortization time: 6 years

-~ Cost per EUU) of high quality feed (e.g. millet) 15 F CFA
~ Cost per FU of coarse feed 5 F CFA
- Cost of a withers yoke (10 be amortized in 2 years 1,500 F CPA

with annual utilization of less than 750 hours)

- Hourly wage of manpower (including miscellaneous

charges)

. family farms 3C P CFA

« large farm 35 F CFA
-~ Annual cost of housing {on large farms) 5,000 F CFA

2) COST OF UTILIZATION (F CFA)

EXPENDITURE ITEM HOURS' WORK PER YEAR
250 500 750 1,000 1,250
FAMILY FARM
- Amortization: 12,000/6 2,000 2,000 2,000 2,000 2,000
- Interest: 32,000 x 3/4 x 6/100 1,440 1,440 1,440 1,440 1,440
- Maintenance feed or coarse feedstuffs PeMa Do P, PeM, Peine
— HWorking feed or high quality feed-stuffs
(eee Annexes to table on next page) 3,180 7,470 11,250 14,940 18,000
~ Grooming and other care Pams PeMe Pela PeM, PeMa
-~ Harness 750 750 750 1,500 1,500
~ Veterinary charges PeMa Pel. PeM, pPeM, P.M.
- Housing PeMm, PeMe Pella Pafe Palla
= Insurance
32,000 x 8/10 x 8§/100 = 2,048 2,050 2,050 2,050 2,050 2,050
- Driver 7,500 15,000 22,500 30,000 37,500
Annual Total 17,520 28,710 39,990 51,930 62,490
Hourly Cost 70 57.40  53.30 51,90 50
LARGE FARM
- Expenditures itemigzed above 17,520 28,710 39,99¢ 51,930 62,490
« Coarse feed (mee Anmexes to table
on next page) 10,950)
- Grooming and other care 8,750} i d 8 m
-~ Veterinary charges 32,000 x 8/100 2,560)
-~ Housing =,000)

{1) U = Feed Units
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250 500 750 1,000 1,250
LARGE FaRM (cont.d)
« Driver (5 F per hour more than
in previous case) 1,250 2,500 3,750 5,000 6,250
Annual Total 46,330 58,470 71,000 84,190 96, 000
Hourly Cost 185,130 116,90 94,70 84,20 76,80

3 ANNEX TO THE TABLE

a) Working fead

The animals work for 6 hours doing "average" work.

With 350 kg oxen, the working raiion in this case is 2.95 FU i.e, about 3 FU
per animal; and it has been assumed that high quality feed was needed.

= Number aof hours worked per year 250 500 750 1 000 1 250
ise, in 6=hour days, about 42 83 125 166 200
= T needed per animal 126 249 315 456 600
- Coat of this feed
{at 15 F per FU) 1,890 3,73 5,625 7,470 9,000
- i.0. for 2 animals 3,780 7,470 11,250 14,940 18,000
b) Maintenance feed

Throughout the year, regardless of work: at a rate of 3 FU per day per animal,
the annual requirements will be 365 x 3 x 2 = 2,190 FU, consisting of coarse
feed,

The FU, corresponding, for example, to about 4 kg of hoy, may be estimated to
cobt 5 F CFA« The annual expenditure is therefore 10,950 P,

c) Ihe Number of Hours Worked Annually by Draught Animale given at the head of
the table and repeated on the graph, correspond, as far as the first ihree
are concerned (250, 500 and 750 hours) to those most frequently found on
family farms; the other two (1,000 and 1,250} are those recorded on large
farms or experimental stations and farms.

As an example, at Bambey, it is estimated that the average number of hours worked
annually by draught oxen in Senegal is 500 hours. In Madagascar in the Highlands and in
the Lake Alaotra region, where animal draught cultivation has become normal practice, the
annual number of hours is understood to be about 750 hours.
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CONCLUSION

We hope that this annex, despite its provisional character because certain
assumptions have had to be made (for iack of detailed information), will help anybody
interested in animal draughi cultivation to calculate, at least with reasonable accuracy,
the cost of wsing draught animals in the French-speaking tropical countries.

The example with figures and its graphic representation demonsirate, on the one
hand, the important effect of annual utilization on the hourly cost and, on the other,
the very considerable difference between costs on a family farm and on a large farm.

It is worth noting that, as the family farms are gradually incorporated into a
developed agricultural system, this difference will decrease; the additional expenses
a$ present incurred by the large farm will gradually end progresaively apply also to the
family farms.

Nevertheless, bearing in mind the present state of development of animal draught
cultivation, which varies so widely from one country to another, we have thought it
~worthwhile to make a distinction beiween these two cases.
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