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agricultural mechanization in Equatorial Africa. (Detailed
 
maps for each country are shown in Figures 1.3, 1.4, 1.5, and
 
1.6 in Part Two, Chapter 1.) 



KEY POINTS
 

Part One contains a summary of the findings of this study along 
with the
 

The following Key Points have been extracted
 Recommendations and Guidelines. 


from the body of the report, Part Two, to present the authors' 
primary thoughts
 

taken
 as concisely as possible. Because the Key Points are 
and observations 

to
 

out of context and tend to be somewhat fragmentary, most readers will want 


a more complete discussion. To facilitate locating a
 
refer to Part Two for 


one will find them here by chapter and in the same 
order
 

particular Key Point, 


as in Part Two.
 

reader should keep in mind that throughout this report the term
 
The 


includcs hand tools, animal implements and engine 
power.


mehaniLzation 

CHAPTER I
 

INTRODUCTION
 

The significance of effective demand for agricultural 
produce in relation
 

to programs of mechanizotion which increase agricultural 
productivity must
 

not be overlooked.
 

-

land are rising rapidly the potential returns
 Where costs of clearing new
-
to using improved inputs in land already under 

cultivation must be weighed
 

against potential returns to cleared new land.
 

From selected cases of agricultural mechanization 
in Equatorial Africa,
 

-
possible to other areas with similar
 some generalizations of experience are 


for planning the intro
conditions. However, a much more reliable basis 


duction of improved mechanized technology is 
to be found in the initial
 

development of local adaptive research programs 
and pilot projects in the
 

areas under consideration.
 

The alternitive to bush fallow is scientific management 
of all agricultural
 

-
factors of production, beginning with scientific 

selection of soils.
 

form the basis for agri-

There is an urgent need for economic data which can 
-

This necessitates the establishment of
 
cultural aevelopment planning. 


effort of all
 
working procedures for record-keeping and the 

conscientious 


involved in these procedures.
 

Comparative studies necessitate some standardization 
in record-keeping
 

-
procedures between different countries.
 

The small farmer (4-6 hectares) constitutes an extremely 
large proportion
 

-
of African agriculture which must not be overlooked.
 

At present, most compazisons between the relative 
merits of different
 

levels of mechanization tend to be unhelpful because overhead costs and
 
-

capital charges are not dealt with on comparable bases 
in estimating costs
 

of different operations.
 

returns
 
- Comparisons of operational costs are only helpful if related to 


to the same operation.
 

There is generally a significant difference between 
the cost of hiring
 

labor and the cost to a family farm of labor from 
the farmer and his
 

-

v
 



family. 
 Imputed labor values vary within countries in different areas and
 
between countries. These aze differences which are important in making
 
comparative studies.
 

CHAPTER II
 
GENERAl. DESCRIPTION OF PRESENT FARMING SYSTEMS
 

IN SELECTED EQUATORIAL AFRICAN COUNTRIES
 

- Ecological factors of climate and soils can act as principal limiting fac
tors for increasing crop production.
 

- The cost of any mechanization program must be met out of the resultant
 
increase in production.
 

- Encouragement to livestock • oduction can help to foster the introduction of

animal power into an ars a t in areas where the human population is very 
dense, cattle and humans are in competition for land.
 

- Evidence of land mobility can prove important in consolidating land for
 
improved cultivation practices. Land fragmentation seriously limits
 
possibilities for mechanization.
 

- In areas where there hr.s developed a social system in which animal and crop
husbandry a:'e the prir.ipal occupations of different groups of people; these 
separate moCes of living create special difficulties for the introduction
 
of animal-poiered technology. 

- Hand-powered .arming systems have developed an economic balance in which
the people have confidence of the system's capacity to provide at least
 
sufficient for 3urvival.
 

- In agricultural systems which have already developed the market concepts
of cash exchange and the production of surpluses for sale have already
evolved many essential economic elements which will provide 
a basis for
 
further development.
 

- Local economies which appear to be in a state of transition offer a fruit
ful area in which to establish extension services to disseminate infor
mation on new techniques and to distribute and demonstrate new tools,
 
fertilizers and seed varieties.
 

- Local sentiment which tends to discourage employment of cne type of animal
 
should encourage endeavors to utilize othar animals as agricultural power. 

- The pragmatic approach to development attempts to solve problems which the 
local farmer identifies as relevant; to use un.-ophisticated techniques to 
demonstrate new cultivation principles; snd to give instruction in terms
 
and methods appreciated by local people.
 

- For the small farmer o:wen offer certain important advantages over tractors,
such as low running costs; easy nvnagement; multipurpose function, providing
work and finally meat; minimal ea'ih payments. The country is involved in 
minimal foreign exchange payments. 

- The tractor comes into its own only if its operations can bu spread over a 
fairly large area and be used for a major portion of the year. fractor
 
fixed costs are high in contrast with low oxen fixed costs. 

- There is a reservoir of skills and individual enterprise lying in the pri
vate sector of a country's economy which should not be overlooked. 
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Commercially-based enterprise is obliged to retain a basic economic effi

ciency in the use of agricultural machinery in order to continue as a
 
going concern. Government departments and commercial enterprises can work
 
in cooperation in planning the introduction of more advanced forms of mech
anization into selected areas.
 

- Pilot projects and experimental work are essential to settlement schemes 

and also to all development projects involving technology which is new to 
an area. 

- Adequate extension assistance should be provided with new develorment 
programs. 

- Changing from hand- to animal-, and animal- to engine-powered systems in
volves the farmer in a shift in cost structure from low to high production 
costs. This shift must be met by a comparable shift in income. 

- Division of final responsibilities in the administration of tractor-hire 
services, or any other development program, can be expected to result in 

a faulty operation. 

- The operation of large machinery services must be based on sound aecuuiLtg 
and close attention to management. 

- Subsidized services should be li:.ited to areas which are economical to be 
developed from the point of view of the national economy. 

- Small areas of crops cannot be cultivated efficiently by tractors.
 

- Mechanization is never to be regarded as an end in itself.
 

- Lack of adequate infrastructure can stifle economic expansion but, before
 
new infrastructure is introduced into an area, the economic prosperity of
 
the area should be assured.
 

CHAPTER III 
ENGINEERING AND TECHNICAL ANALYSIS OF
 
AGRICULTURAL PRODUCTION OPERATIONS
 

- In traditional farming, past improvement has come mainl) from the farmer's 
increased manual skill in using traditional tools rather than from develop
ing improved tools; future improvement will come primarily from the intro
duction or invention of more efficient tools and power systems. 

- The use of improved seeds, fertilizers, irrigation and plant protection 
measures will not have the desired effect on production yields unless land
 
is adequately prepared and cultivated in conjunction with improved culti

vation practices.
 

- Ineffective hand tools waste energy, increase man-hours and are often re
sponsible for low levels of production and neghtive attitudes detrimental 
to the development of a viable ajriculture. 

- With the introduction of specialized crops, development of export markets 

and utilization of animal and engine power, the differences in tools become 
more significant. 

- In areas with distinct wet a.d dry periods, tillage time is very limitpd; 
the amount of land a family cai farm depends on how much they can till by 
the optimum planting dates. T.ieliness in completing the basic land prep

aration before planting is often ',erycritical.
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- Farmers who have used multi-purpose toolbars like them. Farmers would like 
to purchase multi-purpose toolbars if credit were available, and if im
plements were able to increase production efficiency enough to warrant the
 
extra cost.
 

- Simple wood-bar flexible harrows or rigid-frame triangular harrows could be 
made locally in developing countries; they would be a welcome addition for 
secondary tillage on most animal-powered farms in Equatorial Africa which 
now have few tools of this type. 

- Hand broadcasting is the most common method used by hand- and animal-powered
 
farmers for sowing small grains in Equatorial Africa.
 

- The introduction of cash crops and improved practices, supported by market
ing agencies and extension services, is gradually persuading hand-farmers
 
to adopt row-planting.
 

- Furrows and ridges formed by hand-hoes and animal-drawn ridging plows facil
itate row-farming practices. 

- Seed is the only input of value that hand farmers and most animal-powered
 
farmers purchase. Timing of planting always is regarded as critical for
 
maximum yields. Good seed selection and proper cleaning is important, not
 
only to secure good germination and growth characteristics, but to reduce
 
weed competition and subsequent weeding costs.
 

- On non-irrigated upland soils timing of planting depends primarily on the
 
rainfall pattern which is often unpredictable.
 

- Covering hand broadcast seed without help of additional animal- or engine
powered tools or harrows can be costly, especially if extra labor must be 
hired by the hand- or animal-powered farmer. 

- For animal-powered farmers seed covering is usually a separate operation 
in the form of a plowing. The haphazard location of plants greatly hinders 
subsequent weeding operations by hand or animal power. 

- In Tanzania the hand farmer can till, plant and care for only 1.2 hectares 
of cash crops plus another 1.2 hectarer. of food crops. 

- In Ethiopia it takes an average of 23.3 hours to cover hand-broadcast seed 
with the plow and an additional 4 hours to sow it for a total of 27.3 man
hours and 46.6 ox-hours to seed one hectare. 

- In Nigeria one-third of all new mixed-farmers (using animal power for the 
first time) failed after acquiring cattle and plows primarily due to the
 
inability of the individual farmer to change his role from head of the
 
family farm to 'manager' of the mixed farm.
 

- When soil conditions are favorable and the seedbed is properly prepared, 
labor-saving high capacity tools and implements can be used for inter
plant cultivation and weeding to expand the farmers' capacity to control 
plant environment on larger cropping areas.
 

- Weeding is considered the major constraint limiting cropping area that can
 
he effectively cultivated by the small farmer.
 

- Both hand- and animal-powered farmers tend to let the weeds get too large
 
before attempting to control them.
 

- High yield increases often can be obtained by slightly intensified weeding 
which more than pays the added cost of hired weeding. 
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Until sufficient demand can be built up to warrant local manufacture, select-
ed tools and implements should be imported and demonstrated to acquaint agri

cultural services and farmers with their capabilities.
 

Flexible and semi-rigid tines are more expensive and draft-saving only at
-

fairly high speeds and have no advantage with slow animal power over rigid
 

tines fixed to a solid frame.
 

- By using a long (4.5 meter) hitch rope or chain, lateral movements of ani

mal-drawn implements can be easily made to allow hoeing between plants in
 

the row, which reduces hand labor to a minimum.
 

- The common African method of driving an ox team with two men, using whip and
 

voice control, could be improved by using the European or Indian system
 

using ncse rings and lines controlled by one man.
 

He must do
 - Weeding is the animal-powered farmers' most severe limitation. 


a better job of seedbed preparation and preplanting weed control by using a
 

more effective system of primary tillage. 
The indigenous plow should be
 

improved or replaced.
 

In Ethiopian fields prepared for planting by the indigenous plow, an average
-
of over 220 weed plants were found per square meter.
 

- The ox-plow farmer must plant in rows properly spaced and aligned so that 

he can use more productive, time-saving, less expensive and more effectivc 

means of weed cc trol. 

are much too expensive
- While chemical herbicides can control most weeds they 


now for the emerging farmer in Equatorial Africa in his present stage oF
 

development.
 

Using a one-row animal hoe, a farmer can control weeds in one sixth the
 -

time required for hand weeding.
 

- Commercial firms are generally unwilling to sell, service and distribute
 

improved tools unless there is sufficient demand from farmers and support
 

from government advisory services. 

Even simple machines like hand-powered groundnut decorticators and 
threshers
 

-

require special skills for adjustment.
 

In Equatorial Africa, animal power is ised for only one harvesting opera

tion: lifting groundnuts.
 
-


In eastern Africa, cattle hooves, but not implements, are used almost 
en

-
clusively by animal-powered farmers to thresh small grains.
 

- There is a great shortage of animal-powered equipment available for harvest

ing and threshing crops in Equatorial Africa today. 

The best ox-drawn groundnut lifters reduce the hand labor requirement by
-

half.
 

Farmers complain that the new higher-yield varieties of wheat take from 40
 

to 60 percent longer to thresh than the native varieties.
 
-


- As new, higher-yielding varieties are introduced, more agricultural inputs
 

are employed to intensify production, and cropping areas are expanded, the
 

greater is the comparative advantage of mechanical power and machine-assisted
 

methods.
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- Potentially, one of the most important jobs for animals already possessed

by farmers is hauling by carts and wagons. The cart has not been promoted
 
successfully in Equatorial Africa.
 

- Where suitable wheeled carts are not yet obtainable, but adequate methods
 
of yoking and harnessing of animals are available, much more use could be
 
made of sleds as an inexpensive and practical substitute for wheeled 
trans
port.
 

-
 The proper lubrication of sleeve or anti-friction bearings is a critical
 
problem in developing and maintaining animal-drawn carts. Since the average
 
small farmer is unfamiliar with such problems he needs advice and training.
 

-
 The ownership of a simple farm cart involves considerable expense for the
 
small farmer. 

- There is a place for engine-powered agriculture in developing nations just
 
as 
there is an obvious need for improved hand- and animal-powered farming
 
systems.
 

- At the present stage of development, education level, dealer organization,
 
accrued experience and expertise with machinery, estimates for length of
 
service life of a tractor or implements must be greatly reduced, and the
 
cost of repairs and maintenance increased for use in Equatorial Africa.
 

- No matter how simple or rugged a machine or tool may be, periodic attention
 
is required for service and maintenance.
 

- Engine-powered cultivations can provide very good weed control when timely
 
and well managed. The cultivator shovels cannot be worked close enough 
to
 
the plants for effective weeding unless the rows are carefully marked with
 
a furrow-marking device and seeds precisely planted by hand.
 

- In using motorized cultivators the quality of work depends largely on the
 
operator's desire to produce good results.
 

-
 In using small tractors or rotary cultivators, good judgment and common
 
sense are 
required to adapt the machine to special conditions and to
 
obtain the best performance.
 

- The costs of operation will be substantially higher for a hire service ca
tering to scattered farmers under typical African rural conditions of small
 
fields, with irregular shapes and hidden obstacles, remote locations, re
stricted access, limited seasonal use and poor road conditions.
 

CHAPTER IV
 
ANALYSES OF PRESENT FARMING SYSTEMS
 

- The accelerated development of agriculture in Equatorial Africa cannot ig
nore the needs and the problems of the small farmer. He needs more power,
improved tools and the benefits of technology along with support from local 
and national infrastructure. A market economy permits specialization, pro
vides stimulus through profitable reward for the disposal of increased pro
duction.
 

- The size of family imposes definite limits on the area of land that can be 
cultivated by hand in any one year, and in determinin!' the size of holdings 
per family. 

- If preparation time is limited or soil condition is very difficult, large 
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amounts of hand labor must be available 
to quickly prepare land for planting.

This labor peak determines how much land a farmer can handle though there 
may be surplus labor tilerest of the year.
 

- Hand winnowing in the wind often takes more time and nresents more diffi
culties than the actual threshing.
 

- Improved storage facilLtfes are needed by nearly all farmers so they will
 
not be forced to sell at harvest time and enable them to raise more for
 
commercial sales.
 

- Far from diminishing, animal-draft is likely 
to remain a major source of
 
power for the emerging Africa farmer for the remainder of this century.
 

-
 Wherever used, increased power must be applied through improved implements

in tilehands of more efficient farmers before benefiting agricultural pro
ductivity.
 

- Whatever tilescale or level of agriculture, the farmer is a tool user.
 

- While engine-powered machinery mny be employed successfully in some areas 
of each country, wherever applicable, improved types of animal-powered farm
 
implements are needed to facilitate better farming practices such as 
con
trolled placement of fertilizer, row-planting and rapid, effective weeding.
 

- In Ethiopia, farmers on the average use their oxen about 30 percent of the
 
working days and to 70 percent of capacity during peak work periods.
 

- Farmers in developing countries are interested in changing their present

farming methods. In tile area of south central Ethiopia where Chilalo Agri
cultural Development Unit of the Swedish International Development Agency

is located, nearly all traditional subsistence farmers believe they could
 
increase the output from their farms with better plows, 
-etter seeds, fer
tilizers, and more frequent weeding.
 

- In Ghana it is estimated that to justify owning oxen for farm power, a
 
farmer should have 4-6 hectares of crop land, 70 days of tillage work and
 
120 days of cart work per year for each pair of oxen.
 

- In planning mixed farms in Nigeria and equipping them with ox power, 
the
 
agricultural officials have established a minimum farm size of 8 contiguous
 
hectares.
 

- In Tanzania the major effect of changing from hand cultivation to ox cul
tivation was to transfer tilelabor peak from primary cultivation to weeding.
 

- Improved plows and more power for effective tillage and weed control should
 
be matched with greater emphasis on soil and water conservation measures.
 

- In areas with hard dry soils which must be softened by rains, the major

limitation is primary tillage for the hand farmer and weeding for the
 
animal farmer.
 

- In animal-powered farming areas such as Ethiopia, there is a need for some
 
type of spring-tooth or spike-tooth harrow for leveling land prior to

planting, for covering seed to 
a uniform depth and for reducing the work
 
of covering seed.
 

- To overcome the difficulties and slowness of winnowing in the wind, a sim
ple hand or foot operated winnowing fan or fanning mill is needed to quick
ly and efficiently remove weed seeds and foreign material. 
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- For planting row crops a simple inexpensive animal-drawn seed planter is
 
needed to sow a variety of seeds at desired rates with reasonable precision.
 

- In most developing countries the demand for animal carts greatly exceeds
 
the supply of used wheel and axle assemblies; special wheels, axle and
 
bearings with spare parts will have to be imported to meet the rising demand.
 

- The wise selection, rational use, full utilization, proper care and main
tenance of suitable machinery will make any good farmer a better farmer.
 

- The coordinated implement and power system can add to the system by doing 
a better job, by doing it more timely, by enlarging the scope of operation, 
by making it possible to carry out some improved practice, by preventing 
loss or destruction, by improving management, by combining operations, and
 
by controlling factors that limit production.
 

- One of the major factors influencing high cost is the underutilization of
 
expensive machines and power units through idlenests or non-productive oper
ations.
 

- In developing countries, more emphasis must be put on multiple-cropping and
 
on diversification of operational tasks to fully utilize productive machin
ery.
 

- Increased field efficiency can be obtained by recognizing the importance of
 
the tractor operator and his need for training, recognition, and experience.
 

- The use of more than one driver for each machine tends to absolve respon
sibility for the machine.
 

- In the operation of government tractor-hire services, the problems of organ
ization and logistics in smallholder areas makes economic operation extremely
 
difficult.
 

- Experience has shown that it would be difficult to achieve 70 percent field
 
efficiency while working small holdings.
 

- In the operation of a tractor-hire service in undeveloped areas, the con
struction of farm access roads should receive top priority and be a pre
requisite to opening new schemes.
 

- The government should encourage private and cooperative contractors whether
 
they are subsidized or not, by using their services whenever possible and
 
by refraining from competition during formative years.
 

- Many of the problems in operating a central machinery pool have roots in
 
established government procedures: difficulty of flexibly altering rules to
 
meet seasonal or long term needs; lack of mobility resulting from housing
 
policies and payment of travel allowances; need to protect public funds by
 
complex store and accounting procedures and the difficulty of paying incen
tive bonuses for increased productivity.
 

- Where mechanization is introduced, justification and evaluation should be
 
based on factors other than yield, e.g., timeliness of operation, weed
 
control, control of erosion, suitability of machines, ease of harvest,
 
freeing the farmer for other productive work, and need not be the same for
 
each crop.
 

- Small utility tractors are not inexpensive but conditions have improved in
 
the last decade so that much greater value can be obtained.
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- Whether the basis of comparison is price per usable horsepower or capital
 
required per hectare, the small agricultural tractor is usually more ex
pensive than the larger tractor when it is adequately sold and serviLed
 
by a dealer.
 

- While small single-axle rotary hoes or cultivators are functionally prac
tical, they cannot be recommended for general adoption and use without
 
operator training and good supporting services.
 

- Improvement in mechanization takes .he form of either changing an existing
 
system, or introducing a new system; but whichever approach is adopted, the
 
form of mechanization must be appropriate to the agricultural environment.
 

- A more sophisticated form of power need not be associated with a more ad
vanced level of economic development; the optimum level of economic develop
ment is achieved by maximizing returns fron a given set of resources. 

-
 Economic systems in which cash exchange and the concepts of commercializa
tion already exist contain important features which will greatly facilitate
 
further development.
 

- An area of social and economic transition contains certain elements, es
pecially with respect to flexiblh personal attitudes which facilitate eco
nomic development.
 

- Cultivable land can be limited in areas of village settlement by practical
 
walking distances, even though there appears to be an abundance ot land.
 

- Credit facilities are an obvious need throughout Equatorial Africa; however,
 
their establishment can lead to chronic indebtedness unless suitable repay
ment facilities are also included in the program.
 

- The competence of a local extension service is extremely important to any
 
development area with a generally low level of education.
 

- Economic infrastructure must be expanded to accommodate development programs;
 
without adequate infrastructure, improved mechanization or any other scheme
 
will be stifled.
 

- Local experimentation is extremely important in the development of new 
techniques suitable for a particular locality. 

- Large-scale engine-powered operations provide a training facility for indi
genous enterpreneurs. 

- Large-scale engine-powered operations can provide a-substantial cash boost
 
to local small-scale economies by employing much hand labor; in this way
 
the monetary economy can be expanded.
 

- Large-scale enterprises have corm'and over sufficient resources to play an
 
important role in the early stages of developing a new area.
 

- Mechanization can expand production substantially beyond the effective de
mand of local markets; exporting onto the world market is not easy for new
 
producers of a commodity because of well-established standards of quality
 
and trade procedures.
 

- The scope for mechanization in areas of mixed-crop (inter-crop) practices
 
appears limited to improving hand tools; generally more sophisticated
 
mechanization requires single crop cultivation.
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- - ...... ou ±eay Iiexiole, through amalgamation andconsolidation of fragments, 
to facilitate the use of improved animal
and/or engine-powerLd technology.
 

-
 Total annual costs of production for small farmers using oxen power are
maintained at a low level, relative to 
tractor power; however, these relati'iely 
low costs are generally accompanied by lower productivity.
 

- In 
areas where antipathy exists between different groups of villagers,
commercial enterprises cannot 
assume that local hand labor can be hired
easily since different village groups may not be willing to work together.
 

- Extension service demonstrations on model farms fail 
to be useful in areas
where local farmers are antipathetic toward their more successful neigh
bors.
 

- A shift from less to more sophisticated levels of mechanization is 
accompaniud by a concomitant employment shift 
from simple to more complex skills.
 

- The introduction of improved tools and agricultural machinery should always
be planned in the context of an overall plan for economic development.
precedence of family loyalties should be 
The
 

taken into account in such plans
since personal attitudes strongly influence the way in which individuals
 
cooperate with planners.
 

CHAPTER V
INTRODUCTION OF IMPROVED TECHNOLOGY AND POWER 
INTO PRESENT FARMING SYSTEMS 

- Agricultural productivity can be increased most rapidly by concentrating on
a limited region and a selected number of people. 
 Farmers most likely to
adopt a decisive package of inputs leading 
to increased returns are 
those
who have had some successful expei'ience and have more 
than the averageamount of resources 
to risk on new innovations.
 

- In developing countries agriculture in its entirety, from the farmer to the
Minister of Agriculture, is confronted with the need to 
develop an attitude
of experimentation, continued innovation, and adaptation of new ideas.
 

- The optimum package of inputs makes maximum use of on-site available resources and provides the best compromise between potential 
results and the
likelihood of successful promotion and effective adoption of improved

practices and tool systems.
 

- Sustained growth in agriculture depends on the creation and implementation
of a broad-based research and educational systeia responsive to 
the needs
 
of rural society.
 

- A system for popularizing the results of research is essential so 
that the
research ran ultimately lead to the transformation of the working habits
 
of farmers.
 

- Progress should be obtainable by most farmers without making investmentsor effort out of proportion to the anticipated increased return. 
- Ox power is especially suited to tropical areas of high elevation withtemperate climates and 76 to 100 cm. 
of rainfall per year.
 

- To be served by Motoragri, a governmert mechdnization organization in Ivory
Coast, small farmers with less than 5 hectares must form contiguous groups
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of at least 20 farms so that a minimum of 100 hectares may be worked in
 
one area.
 

- The Narosurra Farm Mechanization Training Scheme in Kenya teaches young
 
African farmers to become tractor operators and better managers in three
 
months of intensive, practical and enthusiastic training.
 

- There must be adequate incentives available to any system to encourage a
 
higher level of production before attempting to introduce new levels of
 
mechanized technology.
 

- Programs of development should be integrated into national policy. The 
benefits from programs to improve agricultural mechanization can be increased 
by retaining inferior produce on the domestic market and exporting superior 
produce onto the world market.
 

- The appropriateness of a mechanization program is closely related to the
 
level of management achievable by local farmers (assisted by extension
 
agents, if necessary).
 

- Roads, railways, bridges, schools, repair and maintenance services, credit 
and banking facilities are all aspects of local infrastructure having a 
fundamental impact on developing an area's economic potential. 

- Smallness of operation is a serious constraint to the scope for mechaniza
tion.
 

- In hand-, and often animal-powered systems, size of operation is frequently 
too small and returns are subject to too high risk to permit experimenta
tion; innovation at these levels of mechanization is usually carried out 
by external agents. 

-
 An economic conflict arises in the development of engine-powered technology,
 
Complete mechanization of the productive process realizes substantial
 
economies, but partial mechanization can generate substantial employment,
 
thereby diluting some potential economies of mechanization.
 

- Positive planning is necessary to establish a large-scale operation as a 
local economic stimulus; otherwise, indigenous agriculture and large-scale 
farming coexist, each having little impact on the other. 

- The introduction of new implements into areas with inexperienced users should
 
be accompanied by practical training courses. These courses should always
 
be in terms which are relevant and familiar to the local situation.
 

- Effective demand requires effective articulation between producer and con
sumer, and a functional medium of exchange; hence, lack of monetization
 
limits technological development.
 

- Mechanization is only one factor in combination with many others. The
 
priority given to mechanization to develop different systems is frequently
 
not of the first order.
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FOREWORD
 

The term mechanization, as used by the authors throughout this study en

compasses the use of hand and animal operated tools and implements, as well 
as
 

motorized equipment, to reduce human effort, improve the time lines and 
quality
 

of various farm operations, thereby increasing yields, quality 
of product, and
 

overall efficiency.
 

The Study, sponsored by the United States Agency for International 
Develop

to Decem
ment under Contract AID/afr-459, was conducted from February 1, 1967 


ber 31, 1969, by a four man study team from Michigan State University.
 

Primary attention was focused on Ethiopia and Ghana with travel to 
Gambia,
 

Ivory Coast, Kenya, Nigeria, Senegal and Tanzania to study specific projects
 

and confer with individuals (see map: Fontapiece).
 

To describe the broad geographic area of Africa covered, the term Equator

common agreement among scientists
ial has been selected. Although there is no 

regarding the elevation ranges within the Equatorial Belt that 
are considered 

These include:
"Tropical", szveral criteria have been advanced. 


1. 	Areas free of frosts.
 

Areis with climates favorable to production of cold-sensitive peren2. 


nial crops such as sugarcane, banana, and coconut.
 

Areas too low in elevation for production of wheat.
3. 


Following are the percentages of land at the respective ranges is eleva
2
 

tion.
 

PERCENTAGE OF EQUATORIAL AFRICA WITHIN RESPECTIVE
 

RANGES OF ELEVATION
 

Area of 	Equatorial Africa
 
percent
 

Range in Elevation 

meters 


3.0
1,836 to 3,672 


24.0
918 	to 1,836 


54.0
306 	to 918 


19.0
0 to 306 


100.0
Tutal 


At 	the Equator the elevation point that divides Tropical from Subtropical
 

ecological conditions is approximately 1,530 meters; near the 
Tropic of Cancer
 

1
Equato:*ial Africa is generally considered to be the Torrid Zone, lying
 

astride the Equator from the Tropic of Cancer (230 27' North Latitude) to the
 

Tropic of Capricorn (230 27' South Latitude).
 

2Based upon estimates made by counting squares on a plastic grid from the
 

Att" , (Chicago: Encyclopaedia Briticannica Inc.,
"Land Features Nap", Wod 

1964), pp. 146-7.
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and the Tropic of Capricorn the dividing point is approximately 1,071 meters.
 

Each 1 departure in latitude, north or south, from the Equator therefore would
be equivalent ecologically to a decreaqe in elevation of 20 meters. 
Other modi
fying factoru are air temperature, proximity of 
ocean currents, and temperature
 

of the prevailing winds.
 

According to the above tablz, Tropical Equatorial Africa therefore would
 
include the areas within 0-306 meters, 306-918 meters, and about half of the
 
areas within the 918-1,836 meter range in elevation. Thus, of Equatorial Afri
ca, 85 percent, or about 19.4 million square kilometers can be considered Trop
ical, and 15 percent or about 3.4 million square kilometers as Subtropical.
 

The Study had been conceived as documented compilation of published and
 
unpublished data on mechanized farming and related topics, to identify engineer
ing problems and make recommendations for future planning. 
In general this
 
policy has been followed but, in a few cases, the absence of secondary data
 
forced the Team to collect tcs own information. To coordinate the large aum
ber of data sources, units have been converted to the metric system and mone

tary values to U.S. dollars.
 
The Study Team hopes that the information compiled will prove of value in
 

planning and Implementing mechanization programs. 
 The recommendations, both
 
general and specific, are aimed at improving the productivity of Equatorial
 
African agriculture through selective mechanization.
 

Several different audiences are envisaged for this report. 
 Individuals
 
at the policy-making level will be interested primarily in Part One which con
tains 
the Summary and Recommendations. Specialists, scholars and others 
in
terested in particular aspects of mechanized farming in Equatorial Africa will
 
find details in Part Two. 
The bibliography, in Part Three, lists 
over 400
 
annotated references. Photographs have been used liberally to provide clear
 
descriptions of farming conditions and the diversity of tools and machines
 

currently used.
 

Such a broad study invol-ing travel and consultations in elght countries 
of Equatorial Africa, prevents the Study Team from adequately crediting all
 
the people who so kindly helped. 

Thanks are due the advisory group, comprising: Dr. William Chancellor, 
Professor, AgriculLural Engineering Department, University of California, 
Davis, rnllfornia; A.D. Faunce, former Chief, Agricultural Engineering Branch,
 
Land and Water Development Division, Food and Agriculture Organization (FAO),
 
Rome, Italy; N.M. Garrard, Overseas Liaison Officer, National Institute of
 
Agricultural Engineering, Silsoe, England; Lloyd Johnson, Agricultural Engineer,
 
Rockefeller Foundation, formerly with the International Rice Research Institute,
 
Manila, Philippines; G. LaBrousse, Chief, Agricultural Engineering Liaison
 
Office, Research Institute for Tropical Agriculture, (CEEMAT), Antony, France,
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for many helpful suggestions and constructive criticisms during the planning
 

and implementation of the Study.
 

Special appreciation and thanks are expressed for help in Ethiopia to the
 

officials and technical staff in the Ministry of Agriculture (MOA), the Insti

tute of Agricultural Research (IAR), the Chilalo Agricultural Development
 

Unit (CADU), the Awash Valley Authority (AVA), the Tendaho Plantations Share 

Company, the American (Presbyterian) Mission, the Stanford Research Institute
 

Team (SRI), the Haile Selassie I College of Agriculture at Alemaya, the Econo

mic Commission for Africa (ECA), and various farm machinery dealers.
 

In Kenya, the Team was ably assisted by the Ministry of Agriculture, the
 

East Africa Agricultural and Forestry Research Organization (EAAFRO), Egerton
 

College, the Narosurra Farm Mechanization Training Scheme, the Kenya Agricul

tural Machinery Unit (KAMU), major farm machinery dealers, and the USAID -Mission
 

to Kenya. In Tanzania, the Team was aided by the Ministry of Agriculture, the
 

Tanzania Agricultural Machinery Testing Unit (TAMTU), the Western Research
 

Station at Ukiriguru, the Tropical Pesticides Research Institute (TPRI), the
 

Coffee Research Institute (CRI), the Sisal Research Station, and the USAID
 

Mission to Tanzania. In Uganda, assistance came from the Faculty of Agriculture
 

at Makerere University College, Kampala.
 

In Ghana, the Team became indebted to the Mechanization and Transport
 

Division of the Ministry of Agriculture, the Council for Scientific and Indus

trial Research (CSRI) and its Soils and Crops Research Institutes (SCRI), the
 

Colleges of Agriculture at the University of Ghana, Legon, and the University
 

of Science and Technology, Kumasi, the Agricultural Extension Service in the
 

Northern and Upper Regions, the major farm equipment distributors, and the
 

USAID Mission to Ghana. In Nigeria, help came from the Ministry of Agriculture,
 

the Engineering Division of the Western Region, Ministry of Agriculture, the
 

University of Nigeria at Ibadan, the University of Ife at Ile-Ife, the Ahmadu
 

Bello University at Samaru, the Industrial Development Center (IDC) at Zaria,
 

the International Institute for Tropical Agriculture (IITA) at Ibadan, the
 

farm machinery dealers, and the USAID Mission to Nigeria.
 

In Senegal, appreciation is due the Ministry of Agriculture, the Bambey
 

Centre for Agronomic Research, the SISCOMA factory and the USAID Mission to
 

Senegal. In Ivory Coast, help came from the Ministry of Agriculture, the
 

Motoragri organization and the USAID staff at the American Embassy.
 

The Study also gives special thanks to Ato Werqu Mekasha, Director, In

stitute of Agricultural Research and Assistant Minister, Imperial Ethiopian
 

Government; to Dr. Ibrahim Abu Sharr, FAO Project Manager, Institute of Agri

cultural Research; and to Dr. John L. Fischer, Chief, Food and Agricultural
 

Division, USAID/Ethiopia, for their constant help and logistic support in
 

providing a base for the Team's headquarters in Ethiopia. The active partici
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Grateful appreciation is due to Woizerit Maigenet Shifferraw for exemplary
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AGRICULTURAL MECHANIZATION IN 

EQUATORIAL AFRICA
 

PAAT ONE 

SUMMARY, RECOMENDATIONS AND GUIDELINES 



PART ONE
 

PREFACE
 

Part One consists of a summary, recommendations and guidelines.
 

Each numbered section in the Summary relates directly to the correspond

ing chapter in Part Two which is the body of the report and contains the data,
 

analyses and illustrations.
 

Twelve recommendations are presented covering a broad range of activities
 

and programs which the authors feel are essential for effective use of var

ious levels of mechanization in agriculture. The recommendations stem from
 

the total experience of the Study team which includes many years of work in
 

developing countries prior to this project. 
 The Recommendations have been
 

sLated as briefly as possible. They are intended to deal with principles and
 

broad concepts rather than specific details for implementation which will
 

vary for every location.
 

Some suggestions for implementation of the Recommendations are presented
 

as guidelines. 
 Each related Guideline is numbered to correspond to a Recom

mendation. The Guidelines will have to be adapted to each local situation,
 

but it is intended that the Recommendations will be valid at the appropriate
 

local, national, or international level in the countries within the Study area.
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Introd4wtior. 

The Nature of a Mechanizsatioti Study 

African economies are primarily agricultutal and the key to economic 

developeent for nations in Equatorial Africa lies in raising the productivity 

of the agricultural population. In order that increased agricultural ptoduc

tivity may realize increused income for farmers the seneral prosperity of 

nations must be stimulated to increase effective demand for agricultural 

produce. Agricul- "ral production may be raised by either bringing more land 

u.der cultivation or by increasing the productivity of land already under
 

cultivation. Mechanization is an important input which facilitates increasing
 

agricultural productivity, but it is Impracticable unless there is also means
 

for pi.dfi.ably disposing of the resultant increase through comercial outlets.
 

Thus, the mechanization of agriculture and the development of a commercial 

economy are concomitant factors in programs of econouic development. 

There is a shortage of farm power in Equatorial Africa, over 99 percent 

being derived from human effort. A human being has been rated at about 1/10
 

horsepower, while the minimum power requirement for an efficient agricultu'e
 

has been estimatud at about 1/2 horsepower per hectare.
 

The definition of agricultural mechanization employed in this Study is:
 

any mchanical means used in the processes of agricultural production. This 

definition includes hand-, animal-, and engine-powered equipment in the con

texts of production, processing, transportation and marketing of agricultural
 

produce.
 

In eacl case. frnm the simplest hoe to the most complicated machine and
 

powerful tractor, the purpose of mechanization is to make man a more efficient
 

diractor of power. When a farmer acts as both a producer and director of
 

power his activities as a director are greatly limited since moot of his
 

energy is ubed in meeting the demand for power. Power is time-rated, so the 

farmer's total :4pacity to work the land is dependent primarily upon how many
 

able bodies can be employed during the time period for key operations. Bottle

necks develop because soil preparation, planting, weeding, and harvesting
 

require much time. It should be recognized that most farmers in Africa,
 

particularly those in the savannah areas, consider labor their principal
 

constraint (despite apparent underemployment for most of the year) and are
 

labor rather than to land.1
 
primarily interested in maximizing their returns 

to 


1

John C. de Wilde, "Making Agricultural Research Relevant to African Far

mers," Con6eunce on Ag'icut wsat Reeach PioLeh 6o Economic Deueopmen 
in Atca, Vol. III: CoatA.ibuted Paped: Anima P.wduct on and HeatUh, 

Econoie; Faluning Saten6; Educa.tion; Reeatech and lmtitu.ioU (Abidjan, 

Ivory Coast: National Academy of Sciences, National Research Council,
 

5-12 April, 1968), p. 177.
 

1-1 



The Fundamental Importance of Soil and Crop Management
 

While mechanization is an essential factor for increasing agricultural 

productivity, its success is preconditioned by basic factors of management 

of favorable soils and crops. The adoption of new forms of power can lead 

to increased production due to both higher yields and greater area in crops. 

Scientific soil and crop management began late in Africa. Marbut has
 

expressed a strong opinion that soil and land use surveys should be the scien

tific basis of land use.
2 

Potential crop yields of the tropics in general
 

t.nd to be higher than those in temperate zones and, where soils have been
 

well used, fertilizers can rapidly rejuvenate. Soil survey work will assist
 

in future use of soils, and the appropriate form of mechanization to be applied
 

in their cultivation.
 

Bush fallow or shifting cultivation traditionally has been followed over
 

much of Equatorial Africa. For a subsistence agriculture with low inputs and
 

outputs no more satisfactory technique has evolved. The bush fallow system,
 

however, can be practiced only in areas of low population density. The al

ternative is scientific management of all factors of production, starting with
 

the selection of soils that are most responsive, managing them scientifically
 

and using modern inputs. Such an approach demands scientific field research,
 

an area of inquiry in which much work remains to be initiated.
 

Traditional farming systems appear similar throughout Equatorial Africa
 

except in the highlands of Ethiopia, Kenya, and Tanzania. Small garden culti

vation produces vegetable and tree food crops continuously by using animal
 

manures; bush clearings are cultivated for 2 or 3 years and then abandoned
 

to fallow for 15 to 20 years.
 

Population pressure gradually demands a scientific approach to soil
 

management and the question arises of a satisfactory alternative to shifting
 

cultivation. Scientific soil investigators also must determine how soil struc

ture can be maintained and erosion controlled, the most economical use of
 

fertilizers on tropical soils, and cultivation techniques to avoid laterite
 

hardening.
 

Overgrazing,wind and rain erosion are important ecological factors to
 

consider in scientific soil management. Where population Is sparse in the
 

savannah belt only 5 to 10 percent of land is in cultivated crops each year.
 

However, in areas of heavy rural population pressure where land is needed and
 

cannot be left in fallow an average of 6 out of 8 years, and in the rain forest
 

areas cleared for large scale mechanized farming, soil erosion is probably
 

the most serious of all problems in soil management. For instance, southeastern
 

2 A.L. Shautz, and G.F. Marbut, Veogeaon and Soita o6 AJ4ica (American 

Geographical Society, 1923).
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Nigeria's problem of erosion stems from great population pressure and high 
rainfall.
 

General Background to Mechanization
 

In terms of engine-powered mechanization Kenya has more agricultural
 
tractors than any other country included in the Study (6,145 in 1966). 
 The
 
order for nine countries in 1964-5 was: Kenya, Tanzania, Ghana, Uganda, Ivory
 
Coast, Ethiopia, Nigeria, Senegal, and Gambia.
 

Data on the relative proportions spent on tractors and agricultural machin
ery for the period 1960-1967 show:
 

Ethiopia Total purchases of agricultural machinery have increased, but
 
the relative proportion of tractors included in these imports has decreased;
 
there has been a substantial increase in the importation of tractors relative
 
to the number in the country;
 

Gambia 
There has been a slight decline in agricultural machinery imports
 
relative to total imports; the number of tractors imported has declined both
 
in proportion to numbers in the country and in proportion to other agricultural
 
machinery;
 

Ghana 
Although fluctuating, the proportion of total agricultural imports
 
tends to be constant; tractor proportions substantially increased, with a large
 
boost in tractor imports in 1961;
 

Ivory Coast The relative value of agricultural machinery to other
 
imports has remained fairly constant;
 

Kenya Agricultural machinery imports have gradually increased in relation
 
to total imports; there has been a gradual increase in both the proportion of
 
tractors in the imports of agricultural machinery and in the relation to total
 
numbers of tractors in the country;
 

Nigeria 
The relative proportions of both agricultural machinery and trac
tor imports have remained at a fairly constant low level of total imports;
 
tractor imports have ranged from about one-half to two-thirds of the total
 
value of agricultural machinery imports;
 

Senegal The relative proportion of agricultural machinery imports 
to
 
total imports has remained fairly constant at a low level; there has been
 
a substantial increase in the relative proportion of tractors in agricultural
 
machinery imports;
 

Tanzania Agricultural machinery imports have remained a fairly constant
 
proportion of total imports; tractor proportions of agricultural imports have
 
increased;
 

Uganda Agricultural machinery has remained a fairly low percentage
 
of total imports, tending to decline slightly; tractor imports have been a
 
substantial proportion of total agricultural machinery imports.
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An examination of the operational costs for tractors and various agri

cultural processes in the countries covered by the Study reveals a wide v'ri

ation in the composition of these costs. It is clear that low operatioaal
 

hours and high administrative and transport costs militate against the eco

nomical use of engine-powered agricultural machinery.
 

Comparative costs of operating hand-powered tools, oxen-powered equip

ment, small engine-powered equipment and tractor-powered equipment in compar

able cultivation practices suggest that costs are highest per hectare for
 

operating oxen and lowest for ':ractor operations. These data are taken from
 

specific experimental work in northern Nigeria and should not be used to draw
 

general conclusions without raking similar economic investigations in other
 

areas. 
Although such studies have not been correlated with levels of produc

tion it is evident that the speed and capacity of tractor operations is re
sponsible for low costs per hectare. Tractor operation is charged only for
 

depreciation and maintainance over the time of operation; in contrast, the
 

oxen farmer's depreciation costs are small, but must be met for the entire
 

life of animals and equipment. Thus, such studies do not permit an accurate
 

comparison between different levels of mechanization, nor do they take into
 

account the very large capital outlay required for engine-powered equipment.
 

A further problem with comparative costs of this nature is the low opportunity
 

costs for the self-employad farmer; if there is no alternative employment for
 

the hand labor of the 
farmer, then an imputed value for hand labor is unrealis

tic since the operational costs for hand cultivation tend to approach zero.
 

Mechanization and Its Role in Agricultural Development
 

The cornerstone for economic progress of any nation is the development
 

of its natural resources and manpower. The developing nations of Equatorial
 

Africa are richly endowed. Equatorial Africa has the largest amount of
 

arable land*---ityear-round growing potential of any continent: 724 million
 

hectares of p~ential arable land, of which over 90 percent lies in the
 
3 

belt.tropical 

Potential for Multiple Croping in Equatorial Africa 

The potential arable land is especially significant because it lies 
in climatc zones which klow 2, 3 aud even 4 crops to be raised annually. 

Thus, the African nations could become rm important supplier of food and 
fiber to the world if the main limitations of water and power can be over

coml and the necessary human resources supplied. At the present time, 

3 
Pre'sident s Science Advisory dommittee, The Wo AtLdFood Pob ein (W i'hing

ton, D.C., U.S. Govefteent Printing Office, May, 1967), Vol. II, p. 431.
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however, Africa has the largest area under shifting cultivation of any conti

nent. The Chinese Rice Production Teams show conclusively that yields of 

rice comparable to those obtained in Taiwan can be produced in many African 

countries by using the same varieties of rice and similar cultivation prac

tices. 

In the Yamoussoukro Valley in the Ivory Coast, an irrigated rice project
 

was observed which produced 7,000 to 8,000 kilograms per hectare per crop.
 

But the outstanding feature was the production of 3 crops per year for a total
 

average yield of 21,000 to 24,000 kilograms per hectare per year. Further,
 

the International Rice Research Institute (IRRI) has produced newar varieties
 

which have out-yielded all older varieties (including those used in Taiwan
 

and the Ivory Coast mentioned above) by 1,000 to 2,000 kilograms per hectare.
 
4
 

Thus, the tremendous potential for Equatorial Africa is demonstrated.
 

Raising three crops per year, however, requires additional power and improved
 

tools. A major objective of this Study is to consider how these requirements
 
.
 can be met.'


Intensified Annual Production 

Agriculturalists must "think in terms of production for as many days of
 
5
the year as possible." The objective of modern agriculture is to produce
 

as much food and feed per hectare as is economically feasible and to give
 

the smaller farmers, with only 2 to 10 hectares, a better income and a far
 

higher standard of living. Another objective of IRRI has been to minimize
 

and mechanize the many operations involved in crop production.
 

Our experience to date indicated that much of the hand
 
labor in use on small farms can be replaced by suitably de
signed machines. Labor thus freed can be absorbed at more
 
productive jobs . . . The inputs for such systems are: high
grade varieties of all crops, water control at all times, with
 
plenty for irrigation during the dry season and ample provi
sion for drainage during the wet season. Fertilizers under
 
these conditions can and must be used liberally. Insect pests,
 
crop diseases and weeds must be controlled at all times...
 
Unit costs of production can be lowered because of the higher 6
 
yields and the more efficient use of land, labor and equipment.
 

Increasing agricultural production is a feasible proposition only if the
 

economy is able to absorb the additional output. Equatorial Africa is faced
 

4 Richard Bradfield, Consultant in Agriculture. Rockefeller Foundation, 
International Rice Research Institute, Manila, Philippines, Faluning SteW 
in Aid a: Man emeitt o6 C'top6, Soi and Watt,%, Mechanizoton (paper 
presented at Conference on Agricultural Research Priorities for Economic
 
Development in Africa, April, 1968), p. 5.
 

5 ibid., p. 9.
 
6 

Ibid.
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by a serious deficit in effective demand. The terms of reference for a mech

anization study are such that investigaticns are directed mainly at agricul

tural production processes but the significance of effective demand must not
 

be overlooked. Without a reliable outlet to absorb increases in production, 

which are essential concomitants to agricultural mechanization, every mech

anization scheme will quickly flounder and become an embarrassmetit to its 

sponsors. 

Diffusion of Technical Knowledge
 

The essential problems if technological improvement are to supply know

ledge to the small farmer and to make available the necessary inputs to facil

itate his becoming a more productive farmer .
 

To persuade farmers to accept the techniques and methods
 
of modern agriculture is a formidable and complex undertaking. 
Farmers in traditional subsistence economies are understandably
 
wary of assumina new -isks because they are so close to the
 
margin of survival. If a farmer is to invest in the modern in
puts of improved seeds, tools, fertilizer, and pesticides that
 
are essential to increasing the output of his land, these re
sources must be easily available to him, a system of farm credit
 
must be established so that he can afford to purchase them, he
 
must be instructed in the proper and economic utilization of
 
these materials, he must be reassured that he will be compen
sated for possible losses incurred in the process of innovation,
 
and, above all, he must be shown that the potential payoff is
 
worth the risk. Land tenure policies should not be such that
 
his landlord will profit and he will not . . . pricing policies


7
should not favor the consumer at the expense of the producer.


The Small Farmer as Decision-maker
 

The outcome of all attempts to diffuse technical knowledge depends on
 

how the small farmer employs his resources. If effective changes are to be
 

introduced into traditional agriculture to encourage the emergence of a com

mercial system, the small farmer must be completely incorporated since itis
 

he who is responsible for production.
 

The small farmer can be by-passed in certain commercial-type operations
 

producing sugar cane, sisal, cotton and palm oil. Such products are generally
 

export or import substitute crops. This usually occurs when special knowledge,
 

extensive capital, and large-scale operations are used to produce these com

modities. However, the small farmer may become an important contributor to
 

these industries since they offer him a ready market for production beyond
 

his family needs if he is able to meet minimum technological requirements.
 

To produce beyond his immediate family needs the small farmer must be able to
 

improve his allocation of resources at all levels of production. The economic
 

use of additional mechanical power will facilitate this process.
 

7president's Science Advisory Committee, The Woatd Food Puobem, Vol. II, 

pp. 15-16.
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Objectives of the Study
 

The objectives are as follows:
 

1. To identify and analyze farming methods now followed and the types
 

of tools and equipment now used;
 

2. To identify the factors or conditions favoring or hindering various
 

forms of mechanization;
 

3. To make an economic appraisal of the problems inherent in selective
 

mechanization in the areas studied;
 

4. To identify specific agricultural engineering problems requiring
 

attention and suggest related research; and
 

5. To develop a series of generalizations as the basis for planning
 
selective mechanization programs.
 

Methodology
 

The members of the Study team were involved in African field work for
 
approximately eighteen months. First-hand experience was gained by personal
 
observations of programs and schemes related to agricultural mechanization
 

in Equatorial Africa, and by interviews with professional persons involved ir
 

these operations. Two countries were selected for study in depth: 
 Ethiopia
 

in eastern Africa, and Ghana in western Africa.
 

The approach to agricultural mechanization has been to envisage the
 

agricultural system within which power and implement systems are one of many
 
inputs in the production function. This approach necessitates the description
 

and analysis of a number of representative cases.
 

General Description of Present Farming Systems
 
in Selected Eouatorial African Countries
 

The process of agricultural mechanization involves changes in agricul

tural technology. 
 In terms of basic factors of production, the agricultural
 

production function combines land, labor, and capital in a manner supervised
 

by the farmer acting in his role as manager. Increasing the power element in
 

the production function is achieved by any increments of capital, substituting 

either for labor or land, or being a neutral technological change. The change 

which agricultural mechanization effects is sunuarized in the consequent change 

occurring in the production function.
 

Three broad categories exist in farming systems. 
Because contemporary
 
systems are dynamic it is difficult to maintain a strict division between
 

hand-powered, animal-powered and engine-powered agriculture.
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Ecological Factors
 

In agricultural systems the most important ecological factors are soil
 
and rainfall. To illustrate data necessary for a 
scientific approach to agri
cultural mechanization, soil analyses were conducted at five Ethiopian study 
mites. 
 Table I sannarizes the soil and rainfall characteristics for Ethiopia.
 

TABLE I AVERAGE RAINFALL, ELEVATION, AND DOMINANT SOILS AT FIVE
ETHIOPIAN STUDY SITES 

Averae Annual 
Study Site 
 Rainfall Elevation Dominant Soils
 

(millimeters) 
 (meters)
Agnale Village (Pokvo) 900 to 1,000 1.800 
 Silty and clayey 

alluvium from
 
BNo River 

Chilalo Agricultural 

Dark brown clay
Development Unit (CADU) 700 to 1,000 2,000 to developed from cal

2,500 careou lava and 
bedrock; some red, 
acid claysAmibara (Middle Awash Silt loans and claySettlement Scheme) 
 350 to 450 
 750 
 loam alluvium from
 

Awash River 
Tendaho (Tendaho 


Silty and clayey
Plantations Share 

Coupany) 

100 400 alluvium from Awah
 
River. some sline
 

Setit-Humera 
 500 to 700 500 to 7030 Vertiols (deep,
 

black residial clau
y
s
 

Hand-powered Agriculture
 

Technical and Engineering Factors
 

Throughout Equatorial Africa the typical farmer is a hand tool user.At no place in Equatorial Africa does any form of over farming, ,ither animal
 
or engine, exist without some 
 use of hand tools. While a great variety 
of hand tools exists, there is a remarkable similarity in tools among coun
tries and regions. 
 Because of the arduous nature of hand work, especially
 
in primary tillage, the hand farmer favors the concept of minimum tillage. 
Whaere 
there are distinct dry and vet seasons with hard soils, intense rainfall and 
critical planting times, the farmer has to compromise to get his crops in on
 
time and to plant a sufficient aount 
to feed his family. As a result of the 
severe limitations and his inability to control nature, he haa evolved rather 
strict systems of cultivation practices which asure him a food supply with 
the least risk of failure.
 

1) Ptixed Cropping 

One widely practiced system of hedging against risk is mixed cropping;
 
common in western Africa, with 2 to 
8 different crops grown together on the
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sme plot of land. Mixed cropping can be practiced in both shifting cultiva

tion and permanent agriculture. Several advantbges to this system of cropping 

are: (1) assurance against crop failure since it Is unlikely that disease, 

drought or insects will wipe out all crops; (2)higher total production from 

several crops than for individual crops grown singly;8 (3)more efficient 

use of available power since the ground needi to be prepared only once for 

several crops; (4) concentration of crops permits selection of the most 

suitable land for cultivation; (5) weed control promoted by close spacing and 

intensive hand cultivation; (6)observation of all crops; (7)period and
 

uniformity of labor utilization extended by continuous planting, weeding, 

harvesting, tilling and replanting; (8)a longer fallow period permitted for
 

renewing the land and controlling severe weed problems.
 

Mixed cropping also has definite drawbacks which inhibit the introduc

tion and adoption of improved agricultural practices and tools. Some dis

advantages are: (1) it is not possible to use efficient weeding methods or
 

tools in randomly-spaced crops; (2)work is more tiring and less efficient
 

when it is difficult to distinguish between mixed crops and weeds; (3) ferti

lizer cannot be tailored to individual crop needs; (4) spraying for specific
 

insects and diseases is impossible; (5) the system discourages specialization
 

and research to improve crop production.
 

2) Hand Tools
 

The tools of the hand farmer are made generally by local artisans; they 

are inexpensive and easy to repair. Farmers who seldom know about anything 

better, are satisfied and make up for deficiencies in design and materials 

by increasing human efforts or by improving dexterity. Host tools are made 

out of scrap metal; rural blacksmiths seldom know how to temper metal so that 

it will keep a true, sharp edge. Tools soon become dull, are s4ldom shar

pened, and farmers continue to use them until they are worn beyond efficient 

use. 

Considerable improvements can be made in present designs if metal parts
 

are made of properly tempered high-carbon steel which lasts longer and holds
 

a cutting edge. Design improvement for all tools should consider balance,
 

manipulation and weight. Tools which effectively utilize man's strength,
 

without being too heavy or causing undue fatigue, would be a marked advance
 

toward greater efficiency.
 

The best tool, however, must be available locally. Supply and distri

bution of simple improved tools at the village level in developing countries
 

8 C.J.N. Gibbs, An Ecjrnomic Study od Thk'ee Vittge6 in Bauchi P-tovince, 
Sumaru Miscellaneous Paper (draft) (Ssmaru: Ahmado Bello University Institute 
for Agricultural Research, Rural Economy Research Unit, August, 1968), 
pp. 18-19. 
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is a critical problem. More effort and motivation is required to improve tne
 
supply of improved tools in villages distant from main roads. 
 Tool parts are
 
heavy, profit margins are small, and the average trader is reluctant to
 
handle new items not yet accepted, even thouga they may be technically better
 

than traditional tools.
 
In all probability the most effective and lowest cost distribution can
 

be obtained by establishing small factories in each country. 
 In most African
 
countries, as pointed out by de Paul of Scovil Hoe Company of the United
 
States, the right kind of tool-steel must be imported since this is the heart
 

of the tool.9 Steel blanks can be prepared and sent in bulk at very reason
able cost to small finishing plants in Afriza for final processing. But,
 
even if this is done, there is still the prohlem of getting the tools into
 
the hands of farmers and encouraging them to ase it. Since the local black
smith is the source of community repairs and the supply of indigenous tools,
 
he should be given practical training to increase his capabilities.
 

Hand-powered Agriculture
 

Three cases have been selected to exemplify the hand-powered agricultural
 
system: Agnale Village, southwest Ethiopia; Zuarungu District, northeast
 
Ghana; Nasarawa Village, northern Nigeria. Hand-powered economies are complex
 
farming systems because each unit is organized to be self-sufficient. In
 
the more sophisticated cases of Ghana and Nigeria, a large variety of crops
 
are grown in mixed cropping system to insure against the risks of crop failure.
 

1) Agnale Village, Ethiopia
 

Agnale village represents the least s6phisticated hand-powered system.
 
Main crops are maize (corn) and sorghum. Land is relatively abundant (the
 
village farms about 38 hectares) and crop yields from 2 crops per year are
 
adequate for the population. There is little privation in the area except
 
for a short "hunger time" immediately before the July-August harvest period.
 
The agricultural system is in balance with a reasonable distribution of
 
leisure time throughout the year. This case demonstratep the labor constraint
 
on expanding any productive possibilities. During the January-March period,
 
labor requirements reach the maximum which the work force of the village can
 
supply. Also, the system lacks any market infrastructure and is completely
 
non-monetized. 
The economy has no facility for absorbing surplus production
 
which the least sophisticated form of mechanization can realize.
 

9N.C. de Paul, Scovil Hoe Company, Division of Somoa Corporation,

Higganum, Connecticut, Personal Communication, November, 1968.
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2) Zuarungu District, Ghana
 

Zuarungu district is 
a heavily populated area of northeastern Ghana in 
which a shortage of cultivated food is a common experience. The area had no 
activities other than hand-powered farming before World War II. Since then,
 
the town of Bolgatanga has developed as a commercial center and a few com
mercial enterprises have been established. Agriculture is fixed in a pattern
 
of small homestead compounds with farms averaging 3.23 hectares. Mixed crop
ping is the general rule for a 
wide variety of crops, and some livestock are
 
owned, but poorly cared for, by the average farmer. Zuarungu district rep
resents a system with an underutilization of available labor and a general
 
lack of power to improve the quality of tillage practices. Additional power
 
could be obtained by diversifying into a mixed-farm system employing animal
 
power and selling animal products. An adequate potential market exists to
 
support this development but the farm structure at present is too small and
 
fragmented.
 

3) Northern Nigerian Village AgriculturL
 

Village agriculture in northern Nigeria represents another contrast.
 
The people, 
as exemplified by Nasarawa village, live in well-organized com
munities which produce some surplus for the local market. 
Farm workers spend
 
time in other occupations. 
The system is monetized and, as a hand-labor
 
economy, is fairly sophisticated. Population pressure on the land is fairly
 
heavy in these village areas; farms tend to be small and fragmented, with an
 
average size of 2.36 hectares. Mixed cropping is extensively practiced with
 
a wide variety of crops. The system generally supports its hard working
 
population but some food shortages occur in bad seasons; the population can
 
meet labor demands of the farms. 
 The system is fairly well monetized and the
 
fundamentals of a market system exist.
 

These three hand-labor economies represent a system of farming which
 
has evolved over generations to meet the basic needs of the people. 
The
 
system maintains a balance and the people have confidence in its capacity to
 
provide a sufficiency for survival. Any introduction of change may be seen
 
from within the system as an Intolerable threat of uncertainty against which
 
safeguards are unknown.
 

Animal-powered Agriculture
 

Animal-powered farming is referred to by a variety of terms: 
 mixed
 
farming in Nigeria, bullock farming in Ghana, animal farming in Senegal and
 
ox-plow farming in 
most other areas. Oxen power is relatively new for most
 
parts of Equatorial Africa; only in Ethiopia is there a long tradition of
 
using oxen. 
In Nigeria and Ghana, the first government support for animal
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power ws initiated in the 1920's and 1930's. In Francophone countries,
 
emphasis on animals 
 for farm power began in tho 1930's. 

technical and Eniinearint Factors 

1) Animal Utilization
 

Most animal implemnts are drawn by two animals, although in the light. 
sandy soils of West Africa, single animals are often used. In the East 
African highlands, 4, 6, 8 and even 12 oxen are used to plow or break the
 
heavy soils, particularly after lying fallow for 
coea time. This applies 
primarily to Kenya and Tanzania where the introduction of the western-type 
moldboard plow for deeper tillage ha 
forced the use of tandem pairs. In
 
contrast, the traditional Ethiopian breaking-plow or Ad seldom stirs the
 
soil below 12 
 ca. and only one pair of oxen is used. A large ridging plow 
used In Ghana and Nigeria on light soils may be operated with one pair of oxen 
only after rains have softened the soil.
 

More emphasis has been placed on improved animal-power in the Franco
phone countries of western Africa. 
 Sales of animal equipment during 1958
1968 suggest a relatively high acceptance of animal-powered technology.
 

In Gambia. a series of programs and schools for training farmers and
 
animals was started In the late 1950'a by Moczarski.10 These have been tela
tively successful in assisting subsistence farmers to enter the comercial 
agriculture stage. Moczarski developed a system of farming aromd a package
 
of tools rather than just one basic tool as 
 happened In Nigeria with the
 
ridging plow. 
 Use of an improved toolbar encourages the adoption of other
 
Improved agricultural practices and gradually builda an effective system of
 

improved power farming.
 

2) Criteria for Successful Introduction of Animal Power
 

In each case of successful promotion there has been a concerted, con
tinuous and well-supported program of government activities including ox
training, farmer-training, demonstration of better tools and provision for 
credit, along with adaptive research and cooperation between the extension 
service, research institutes, the government ministries and technical sae
tace progras. 
A great deal of time, money and effort is required to intro
duce a siccessful program of animal-powered technology as described for 
Senegal.11 
 In Tanzania and elsewhere in East Africa, ox-plowing schools were
 

1 0 
s.Z. oczarski, Extension Specialist, FAO/UN, Ministry of Agriculture, 

Gambia, 1951-61.
 
1IR. our, Veinition od ntm ve Ag44cututaA ExptoitAton, (Inatitut 

do Racherchas Agronomiqueb, Tropicales (IRAT), Conference on Agricultural
Research Priorities for Economic Developuent in Africa, April, 1968). p. 4. 
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established to train farmers and oxen ii this new technique, but continuous
 

government support was necessary to maintain farmers' interests. 

3) Limitations in Present Development
 

It is very difficult to introduce new techniques which conflict with 

established attitudes. In the traditional cattle-herding areas of Equatorial 

Africa, there is great opport.unity to employ animal-power in annual crop 

production. The present numbers of working oxen as compared to total numbers 

of cattle is practically negligible outside of Ethiopia. Cattle-herders and 

soil cultivators frequently are distinctly different groups tending to share 

few interests. In northeast Ghana to usethe Kusasi people have learned 

cattle for work, but after field work is finished, the cattle are turned over
 

to the Fulanis to herd.
 

Debilitating and fatal animal diseases prevent application of animal

powered technology in an area of approximauely 11.7 million square kilometers 

of Equatorial Africa. Eradication of the tsetse fly probably would enable the
 1 2
 

tropical zone of Africa to stock an additional 
125 million head of cattle.


Many of these cattle could be working animals. The problem of disease mag

nifies the many difficulties affecting the use of animal-power in Equatorial 

Much long-term research, constant eftorL, and close cooperation are
 

required of all groups concerned with agricultural development.
 

Africa. 


Animal-powered Agricultural Systems
 

Two areas were selected as models for animal-powered farming systems: 

both are in economic tronsition. The first case is in the Chilalo Awraja 

of Ethiopia. The Chilalo Agricultural Development Unit (CADU) of the Swedish 

International Development Agency (SIDA) has organized a technical assistance 

package program including limited introduction of en'ine-powered agriculture
 

area. The second area in the northeastern 

?art of Ghana is essentially hand-powered. There, the Christian Service 
into this predominantly oxen-powered 

Committee has a small development program to introduce appropriate forms of
 

animal-powered equipment. Some additional observatioes are drawn from Gambia 

and the Tanzanian experience with engine- and animal-power. 

1) Chilalo Awraja, Ethiopia
 

The CADU development program is a multi-disciplinary approach with three 

main objectives: (1) to conduct experiments on the improvement of production
 

and marketing of agricultural products; (2) to disseminate new agricultural 

techniques; and (3) to make feasibility studies on the improvement of trans

portation, education, training, public health, comerce and industry. 

1 2 President's Science Advisory Committee, The WoJL.d Food PMobtfm, 
Vol. II., p. 277. 
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The 	 farming of the area is essentially mixed. A variety of cereal cropsis grown and all 	types of livestock are raised. The average farm size is8.1 	hectares, of which 5.1 	hectares is under cultivation and the 	 remainder 
grazed. Oxen provide the predominant form of agricultural power, although
there are some 80 tractors, mainly owned by CADUin the area. The area isin transition: improvements are being introduced to the local pattern of oxcultivation along with the introduction of tractor power. The case represents
a farming system dependent on oxen power, with a fairly well-established 
commercial economy that 	can support a more sophisticated agricultural tech
nology and commercial practices.
 

2) 	 The Chtistian Service Committee, Upper Ghana 
In northeastern Ghana the Kusasi people traditionally are crop farmers
 

owning cattle but caring little about them. 
Mixed farming was ez.=Uraged by
the 	government through the establishment of "bullock-training centers" duringthe 	1930's. 
 Since 1966, renewed encouragement has been given to oxen farmLng.

Christian Service Committee personnel are 	working in this area: (1)to assistthe local farmers in solving their most pressing technical problems; (2) to
develop the adaption of animal-powered agriculture. Farmers are relatively
poor and must use 
their own cattle, which tend to be too small and light to

pull standard oxen equipment. 
The 	CSC approach to local problems is prag
matic and based on three important principles: 

1. That careful study is given to specific local problems and adaptive

research is carried out in the areas where new technology will be applied,

and not at centers remote from the area;
 

2. That the intermediate stage of animal-powered agriculture is 
an im
portant teaching device for demonstrating new cultivation principles;
 

3. 	That local instruction 
courses are appreciated when they come to
grips with relevant local problems and are handled in 
 terms, and in a mediumof instruction, which can be assimilated by those attending the school.
 

3) 	 Additional Observations on Ox Power
 

a) Gambia 
In 1955 the government of Gambia established the first
ox-plowing school; by June, 1968 there were 320 trainees enrolled at 24Mixed Farm Centres. Each 	trainee is a young man from 15 to 35 years of age

who takes his own oxen to a center for a period of 8 1/2 months.
 

It has been estimated that ox cultivation can increase production of
groundnuts and millet by about 33 percent, the 	area under cultivation by 33percent, and gross income by 44 percent. Yields have not increased over those 
for hand cultivation, but in most countries in Equatorial Africa there is 
adequate land to permit expansion.
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b) Tanzania In Tanzania the government has retreated from a policy 

of actively encouraging engine-powered mechanization of agriculture to one of 

more circumspect use of tractors and definite encouragement of oxen-power.
 

Research, testing and training facilities to improve the animal-powered tech

nology are being established. Oxen-power has been found more appropriate to
 

the level of development of most areas and the level of understanding of most
 

farmers. Reduced running costs, small repair costs for equipment, low replace

ment of draft animals, the multi-purpose nature of the animal and a minimal
 

drain on foreign exchange are all factors contributing to the appropriateness
 

of oxen for most of Tanzanian agriculture.
 

Engine-powered Agriculture
 

The application of engine-power enables man to become a director of almost 

unlimited power. However, engine-power is costly and, in order to utilize
 

this power economically, high management and technical skills must be employed
 

along with other modern inputs. The increasing use of mass communication media
 

to describe what other nations are doing, the establishment and operation of
 

successful commercial-type farms and plantations within African countries add
 

the rising education levels, have awakened the small farmer to the possibil

ities of mechanical power.
 

Major advantages of engine-power are: (1) more thorough land preparation
 

and greater speed of operations; (2) capacity to handle the heavier and more
 

difficult soils more independently of weather and season; (3) ability to
 

break heavy sods and grassland and turn under large amounts of vegetation;
 

(4) more timely operationb including early planting by optimum dates; (5) better
 

weed control and inter-row cultivation; (6) efficient stationary power avail

able for harvesting, threshing and processing; and (7) the possibility to 

double and triple crop land where adequate rainfall or water is available for 

irrigation.
 

Technical and Engineering Factors
 

The greatest problem is rational selection, operation and maintenance of
 

machine systems so the costs do not exceed benefits. For the small farmer,
 

this is a difficult requirement since the total price of his crops and the
 

size of his holding restrict his potential income. As Le Quinio pointed out,
 

"in French speaking West Africa, they have found that mechanization can only
 
13
 

be profitable when applied to export crops."
 

An engine-powered farmer must be a better-than-average farmer, and must 

13Le Quinio, Minuter o6 Meet ng oJ Spec.,aULt Comsitte on ALicLutt. u 

Mad inez Hetd at No'itih ReaeAch CenteA (Tengeru, Arusha, Tanzania: 
October 3, 4 and 5, 1967), p. 5. 
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achieve much higher yields 
to offset the higher costs of production. 
These
costs tend to behigh because of: 
 (1) the need to clear and prepare the land
thoroughly prior t&..tractor operation; (2) the high cost of imported machinery,
equipment, attachmente"or additional implements for work diversification;(3) the difficulties of maintaining and repairing complicated machinery; (4) thelack of experience and understanding in managing costly machine systems; and(5) the high cash expenditure for operational supplies and services such as
fuel and lubricants, tractor and implement repairs.

African countries are 
using several approaches to introduce engine-powered
agriculture into communities. 
For the small farmer who wishes to hire machinery, several governments provide tractor-hire services; a few large farmers
or contractors do custom work for others; cooperatives are formed to offermachinery services; or several farmers form a private machinery group. 
 If
a farmer desires to become an owner, he may buy a small power unit for hisown needs; he may join with neighbors to buy a medium size tractor; or he maybuy a larger tractor and become a farmer-contractor. Large quantities ofmachinery have been introduced through settlement schemes, group farming, or
state and commercial farms in both eastern and western Equatorial Africa.
Engine-powered mechanization can range from a single operation of plowing
to a completely mechanized system. 
There are very few examples of the latter
in African agriculture even on commercial plantations; most hand-farmersit to their advantage find 

utilize engine-power only whento 
it offers a specificproven advantage. For the developing farmer as well as for the developing
country, mechanization must be selective and, for a long time to come, it is 

likely to be incomplete.
 
Opportunity exists for the selective introduction of theagricultural most moderntools, machines and implements, but extreme care must be exercised
implementing and supporting these sophisticated levels of mech

in promoting, 

anization. 
Large commercial farms and plantations with adequate resources,
management, previous experience, well-trained workers and establishedare marketsable to exploit the economies of scale associated with high-volume production by employing engine-powered technology in at least part of the operation.
However, partial and gradual mechanization is likely to remain pragmatically,the approach in 
most of Equatorial Africa. 
With an abundance of labor, many
operations such as harvesting can still be performed economically by hand.
Experiences of African governments in operating tractor-hire services and
doing contract work for farmers, settlements, group farms, state farms and
various special schemes have proved exceedingly costly. 
Much of the machinery
obtained by developing nations under grants, loans, and technical assistance
programs, has been subsequently found to be unsuitable for tropical conditions.
Maintenance and utilization has often been less than expected because local 
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capabilities of both operators and administrators have not been realistically
 

assessed. Donor countries and machinery manufacturers frequently have failed
 

to select appropriate equipment or to provide adequate training for its use.
 

Engine-nowered Aaricultural Systems
 

Engine-powered agriculture falls into three general categories: settle

ment schemes, tractor-hire services, and large-scale commercial farming oper

ations. Selected sites of data are: the Middle Awash Settlement Scheme,
 

Ethiopia, and the Block Farm Schemes, Tanzania; the Ministry of Agriculture 
Tractor-hire Service of Ghana and regions supplemented with operational data
 

from the IORD and the Kenya Tractor-hire Service and the Masai Wheat Scheme;
 
Tendaho Plantations Share Company, Ethiopia, and large-scale commercial farm

ing in Setit-Humera, Ethiopia, with some supplemental observation from Motoragri,
 

the Ivory Coast.
 

1) Middle Awash Settlement Scheme, Ethiopia
 

The Middle Awash Valley Settlement Scheme demonstrates the way in which
 

inexperienced farm settlers (nomadic Afars) can be introduced to the com
plexities of mechanized agricultural technology of large-scale cotton produc

tion. There are several major considerations which favor the success of this
 

settlement. The area is sparsely populated and, apart from being the tradi

tional grazing area for Afar herds and flocks, is undeveloped. The purpose
 
of the scheme is the settlement of nomadic people in a more abundant form of
 

living in an area where social pressures are increasingly antipathetic to
 
nomadic traditional life. The scheme is based economically on cotton produc

tion in a relatively fertile area of a country with good internal demand for
 
cotton. There is also the great advantage of proximity to the Melka Werer
 

Research Station. The station was established several years before the 1964
 

Settlement and has experimental experience on which local fr.rming enterprises
 

can draw.
 

2) Block Farms, Tanzania
 

The Block Mechanization Scheme in Tanzania, was established in 1964-65 to
 
use government tractors economically by amalgamating cotton fields into 121.4
 

hectare blocks. The scheme was based on the assumption that family labor
 

could handle a larger cotton area, with mechanical assistance to cultivate
 

additional land. Supervision, in the hands of the extension service, proved
 

inadequate for the demanding administrative task of selecting farm blocks,
 

mobilizing participant farmers and the timely deployment of tractors. Tech

nically, the scheme also was disappointing in the failure of crops to reach
 

yield expectations needed to meet the shift from low to high operational
 

costs. The type of mechanization appeared appropriate for the area, but
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de Wilde suggests that for so large an area as Sukumaland no single line of
 
approach can be considered alone as appropriate. A differentiated approach
 

is required for the development of a large agricultural area, incorporating
 
circumspect planning, exploratory periods employing a pilot scheme, and estab

14
 lishing several development schemes appropriate to different levels of needs.


3) Tractor-hire Service, Ghana
 

The tractor-hire service in Ghana provides an example of engine-powered
 
implements available through a government-sponsored scheme to assist hand- and
 
animal-powered agriculture throughout the country. 
There is evidence that
 
the tractor-hire service is well received by progressive farmers and economical
 

from the farmer's point of view. The services offered are costly from the
 
government's point of view because of the vast amount of administrative derail 
required to operate such a service.
 

4) Tractor-hire Service, Nigeria
 

Between 1961 and 1967 an average of 182 wheel tractors were imported an

nually into Nigeria. It is estimated that there are currently 1,200 wheeled
 
tractors in the country but only about 400 of these are used in agriculture.
 

Farmers are convinced after using the tractor-hire service that tractor cul
tivation improves their income despite the problem of obtaining timely service.
 

There is now a move to encourage interested farmers to purchase the
 
government-owned tractors. Encouragement takes the form of loans and credit
 

accommodation. Also, private contractors are able to offer services at rates
 

about 2 1/4 percent below government charges. There are indications that
 

tractor-hire services in Nigeria may gradually move into the hands of private
 

contractors.
 

5) Masai Wheat Scheme, Kenya
 

Fully mechanized wheat growing was introduced in the Masai region of
 
Kenya in 1967. A total of 6075 hectares of land will have been brought into
 
this scheme by 1969 using 50 
tractors and zomplementary machines. The range
 
of elevation from 1800 
to 2800 meters is a distinct advantage with the cropping
 
season much later at higher el- Jations; the equipment can be used over much
 
of the year, gradually moving to higher elevations with each successive oper

ation.
 

So far, machinery utilization has been good. The annual average area
 
cultivated per tractor is 120 hectares and it is not uncommon for a 3.7 meter
 

combine to harvest 1200 hectares in one season.
 

14J.C. de Wilde e.t az., ExpeAenca wiA Ag~itUumt Deveopmnt in 
TuOpica A6Aica, Vol. II, "The Case Studies" (Baltimore: The Johns Hopkins 
Press, 1967), pp. 437-443. 
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Yields on these virgin soils are excellent with 27 to 40 quintals per
hectare. 
The Vertisol soils in East Africa are highly friable with self
mulching characteristics, but, if the soil is overworked, extreme pulverizing
 
occurs.
 

6) Tendaho Plantations Share Company, Ethiopia
 

Tendaho Plantations, Ethiopia, exemplifies 
a large-scale commercial plantation. 
The entire land concession, in the Danakil Desert, 
covers 10,000

hectares and at present the Plantations 
cover 5,500 hectares. This case represents a highly mechanized operation in the early cultivation stage with
hand labor reaching a peak of 7,000 workers at the peak of the picking season
in November. 
Some 90,000 quintals of cotton were estimated for the 1968-9
season, which is sold as 
ginned cotton in the domestic market and the cotton
seed is mainly exported. 
Estimated budget production costs estimated $366,830
would be paid out in day laborers wages in 1968/9. 
Export potential is extremely important, especially as Tendaho produces high quality cotton which competes
 
on the world market.
 

7) Setit-Humera, Ethiopia
 

In the Setit-Humera area, in northwest Ethiopia, limited oxen farming

has been practiced for 50 years. 
Today, it is 
an area of rapid, unplanned
economic expansion. Recent estimates show 280 farmers owning more than 400
 
tractors. 
 The area is of considerable interest to the government and development agencies because of its high economic potential. Some 60,000 migrant
workers annually come into the area for weeding and harvesting. 
However,
the area cannot be farmed on a large-scale economically without engine-powered

technology, despite much use being male of hand labor. 
The area is farmed

entirely by individual entrepreneurs, most of whom have come in the past ten
years. Mechanization already plays an essential role in the agricultural

system of this 
area. 
Major problems are to 
understand the macro-economic

organization in which the individual farmer is 
a single functional unit, and
to determine how the already established system may be supported to maintain
the economic prosperity of the area. 
At present there is real danger that
expansion may be stifled due to inadequate economic infrastructure. 
This
 case demonstrates the critical need for an adequate infrastructure in order
that engine-powered farming may proceed without inhibition. 

8) Motoragri, the Ivory Coast
 

The Ministry of Agriculture of the Ivory Coast initiated in April, 1965,
a detailed study of means to achieve more rapid agricultural development.The primary objective was to move away from dependence on coffee and cocoa 
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by diversification with pineapples, teak, vegetables, palm oil, cotton,
 
rubber, rice, sugarcane and tobacco. 
Since less than 10 percent of suitable
 
agricultural soils are used, there seems to be great scope for clearing land
 
for priority crops. 
 Following this study, Motoragri was established as an
 
autonomous operation of the Israeli Cooperative Agridev through agreement
 
between the governments of the Ivory Coast and Israel.
 

The work of Motoragri consists of clearing and subsoiling land for farm
ing; seeding and fertilizing; construction of earthen dams, secondary roads;
 
and clearing new village sites. 
 Ivoirian staff is being trained to take com
plete control of the operation and the 30 Israeli expatriates who manage
 
Motoragri are to be gradually phased-out over a period of ten years.
 

General organization is extremely efficient in management , marked by
 
careful record keeping, rapid mobility of managers, and good communications
 
by short-wave radio.
 

Motoragri is equipped with 226 tractors, 68 cars and 7 trucks purchased
 
by the Ivory Coast government; 85 percent of the tractors are operational
 
at any time. This high level of performance is achieved through a system
 
of regional and field workshops, and a major workshop located at the central
 
station in Abidjan to handle rebushing of crawler tracks, engine and trans
mission overhauls, and other major repairs. 
About 30 percent of total work
shop operations are done at the central station.
 

Of m.,'4
 r importance at this sophisticated level of mechanization in
 
Equatorial African agriculture are the following aspects of Motoragri's
 
operation: 
 (1) the efficient operation of heavy and complex engine-powered
 
machinery; (2)extremely intensive management supported by a close sytem of
 
record-keeping; (3)scheduled phase-out of expatriate management to be re
placed by a trained indigenous management; and (4) the training of Ivoirians
 
to assume responsibility at all levels of management.
 

Laterite Soils and Their Management in Relation to Mechanization
 

The important ecological factors of soil and rainfall were discussed
 
above. 
After having considered different forms of mechanization, it is
 
essential to consider their effect on the laterites of Africa.
 

Laterite is a highly weathered material rich in secondary oxides of
 
iron, aluminum, or both. 
 It is nearly void of Lases and primary silicates,
 
but may contain large amounts of quartz and kaoliorite. It is either hard or
 
capable of hardening on exposure to alternative wetting and drying. 
True
 
laterite interferes seriously with land use in Africa. 
Clearing small areas
 
for cultivation in systems of shifting cultivation or large areas for engine
powered cultivation can expose the soil sufficiently for serious laterite
 
hardening to occur.
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In Africa about 18 percent of the total land.surface is laterite. It has
 
been estimated that 5,338,000 square kilometers is laterite and associated soils.
 
This is the most extensive type of soil in Africa after desert soils.
 

Yields of most field crops are low on laterite soils but certain crops
 
such as tobacco, sugar cane, turmeric, ginger, and sweet potatoes are usually
 
satisfactory. 
Tree crops are good since they are well adapted to laterite
 
soils: 
 tamarind, cashew, cassava (tapioca), coconut, banana and teak.
 

Three conditions are necessary for the hardening of laterites: (1)ade
quate supply of soluble iron either by an inflow of iron from surrounding areas
 
or by an outflow of other constituents and a resultant concentration of existing
 
iron; (2) alternating wet and dry seasons of approximately equal durations and
 
sufficient rain during the wet season to continuously saturate the zone of iron
 
segregation; (3) level land surface that has a slowly permeable layer where the
 
iron concentrated horizon can develop during the wet cycle in a periodic water
 

15
 
table or at least in a zone of saturation.


It appears that the presence of vegetation is the only condition which can
 
prevent, or reverse, this hardening process. 
Trees and other perennial woody
 
planti are most effective. 
 Thus, both the preservation and establishment of
 
vegetation is important to break up laterite crusts and reverse the hazard of


16
 
hardening.
 

Soil research must be an integral part of all mechanization research in
 
Africa. Although highly weathered tropical soils have good surface soil struc
ture when first cleared, what happens to this surface soil structure, after a
 
period of continuous cultivation, is a critical problem. Soil capping (surface
 
crust formation), resultant surface soil erosion, and the hardening of a ground
water laterite layer are the results reported by some researchers. Massive re
search efforts must be concentrated on these physical problems before continuous
 
soil productivity under mechanized cultivation 
can be assured in Africa.
 

Engineering and Technical Analysis of
 

Agricultural Production Operations
 

Introduction
 

In the developing countries of Equatorial Africa, more and better maclin
ery is needed, not as labor-saving devices, but to increase the productivity
 

15
Lyle T. Alexander, and John G. Cady, Genezi6 and Hwtdening o6 Lact.e&
in Soib , Technical Bulletin No. 1282 (Washington, D.C.: U.S. Department of 
Agriculture, Soil Conservation Service, 1962), p. 4.1 6 Ibid., pp. 5-12. 
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of the small as well as the large farmer. With the realization that for many
decades to come, the bulk of all farmers in Equatorial Africa will be using
 
hand- and animal-powered tools and practices, Chapter III is devoted to a de
tailed description of many of the currently-used small tools, along with im
proved tools and machines that could be introduced on a broader scale.
 

In the process of gathering and evaluating information for this Study, it
 
quickly became apparent that there was no single source of readily available
 
information to present an over-all pirture of the tools and processes actually

in use in Equatorial Africa at the present time. 
It is necessary, however, to
 
know current developments before improvements can be planned.
 

Government officials, planners and administrators must be well-informed if
 
they are to deal with present, practical reality rather than theoretical goals.
 
These officials must be cognizant of the improved tools currently available
 
within Equatorial Africa and from other regions. 
 For example, tools that are
 
presently performing satisfactorily under similar conditions in Asia and in
 
the Far and Near East may be suitable for use in parts of Africa. 
There are
 
tools which can be easily introduced to improve present traditional practices,
 
but tests must be conducted and tools evaluated under carefully controlled
 
programs of adaptive research and farm trials to ascertain their suitability
 
and profitability to small African farmers. 
 The Study endeavored to ascertain
 
first-hand the tools and practices in use, and to present facts concerning

their utilization. This information is presented in Part Two of this report
 
with the hope it will assist future work and serve as 
a basis for proposed
 
follow-up national and regional research and development programs. 
This ac
counts for the detailed nature of Chapter III which represents the practical
 
basis and foundation for constructively improving the essential hand- and
 
animal-powered methods of production. 
These, i.nturn, will lead to utilization
 
of improved mechanical power at all levels of agriculrural production.
 

Present Use of Power in African Agriculture
 

At the present time, engine and mechanical power available to the far
mers of Equatorial Africa averages only a fraction (0.05 hp.) of the more than
 
one horrepower per hectare utilized by farmers of Europe and the United States.
 
This lack of power makes it difficult to prepare seedbeds efficiently and
 
with timeliness, and to place seed and fertilizer accurately. 
 Improved tools
 
and methods are needed to control weeds, insects and disease, all of which
 
can contribute markedly to improved yields and to 
the economic utilization of
 
mechanization inputs.
 

The President's Science Advisory Committee stated that,
 

With one or two exceptions, an analysis of yields in

various countries indicates that a power level approaching
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0.5 horsepower/hectare is needed for an efficient agri
culture. It is estimated that $500 million will need
 
to be invested by the end of this century in plants

for the production of farm machinery in the developing
 
countries. The total capital investment, including com
ponents which can best be imported, will approximate
 
$2 billion.1 7
 

If 0.5 hp./ha. is needed for an efficient agriculture, and Africa averages
 

only 0.05 hp./ha., Equatorial Africa presently has only one tenth of the
 
minimum requirement for efficient production.
 

Receptiveness of African Cultivation to Change
 

There is a large latent demand for improved tools and machines in the
 
countries surveyed in Equatorial Africa. This Study and other surveys and
 
research projecta have shown that the small African and Asian cultivators 

are not against change. They do not request different tools because they do
 
not know of anything better. Hence they continue to use what they have.
 

Contrary to popular misconception, most farmers want to improve their.
 
farming operations and to have improved tools with which to work. 
Studies
 
and seminars in Ethiopia,18 Turkey, Iran, Afghanistan,19 and Nigeria,20 for
 
example, have discovered that farmers want improved tools but are unable to
 

purchase them because of lack of knowledge, lack of cash, unavailability
 

locally, or because of other reasons beyond their control.
 
In discussing animal-powered or engine-powexeO agriculture in the tropics,
 

it must be kept in mind that within each level of mechanization there are
 
necessarily degrees of application of hand power. Rarely, if at all, is there
 

what can be called a pure animal-powered system or a pure engine-powered sys

tem. Even very advanced systems using large tractors, retain extensive use
 
of hand power and animal power in complementary operations.
 

Hand Tools
 

In Chapter III, some of the more common and a few distinctive indigenous
 
hand tools are described. These tools are made by artisans or blacksmiths
 

1 7
President's Science Advisory Committee, op. cU., Vol. I, p. 87.
 
18 o Bengtason, Cu.vo..tion P'ac.tic and .he Weed, Pet and V eaae. Situ

ation in Some Pa t6 o6 .the CIU .o AW~.4aja, Publication No. 10, (mimeographed)
 
(Addis Ababa: Chilalo Agricultural Development (CADU), Swedish International
 
Development Agency, 1969).


1 9 Central Treaty Organization, Tkaveting Seminat Oi Incaed Agcue
.twL P.'wducton, Regional Tour, (Ankara: CENTO, April, 1962), p. 160.20M. Tiffen, nnovaton and Changin9 PatteA o6 F unng in Gombe EmiA.te, 
Nothe~teatn S.tate, Nigelia, (mimeographed) (Samaru, Za. ia, N:geria: Ahmadu 
Bello University, Institute for Agricultural Research, Rural lconomy Research
 
Dait, 1968), p. 7 and Tables.
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locally with simple equipment. In some areas the tools show more refinement 
and finiLh. There are improved tools within regions of Equatorial Africa 
which could be more widely distributed, as well as tools from other countries
 

that offer possibilities for introduction.
 

Digging and Weeding Tools
 

The Nigerian short hoe, the g9aJm, is an excellent short-handled digging, 
weeding and all-purpose tool. Funke, extension advisor in Kenya and formerly 

extension advisor in Nigeria, says it is far superior to any hoe now in use 
21
 

in East Africa which he has seen. It is light, well-balanced when fitted
 

with the proper handle, easy to use and very inexpensive at $0.14 to $0.28
 

for the metal blade and a homemade handle. This tool was designed for the
 

farmer who has grown up with short-handled tools and who has developed muscles,
 

preference and skills for this style of tool. Where short handles are preferred,
 

the curved blade and the shape of the handle make this tool functionally well
 

designed. The major deficiency is the quality of metal and its lack of temper.
 

Improved weeding tools should be introduced along with planting crops
 

in rows and other improved practices. Where long-handled tools are already
 

in use, they can be improved by introducing pulling, pushing, or combination
 

push-pull hoes which permit much faster weeding along a row. They cannot be
 

used to any advantage, however, unless present cultivation practices also are
 

changed from broadcasting and random mixed cropping. The introduction of a
 
tool, then, logically goes along with an improved cultivation practice. An
 

improved tool must have a purpose other than simply replacing another tool;
 
it should permit or aid the adoption of other beneficial practices.
 

Cutting and Chopping Tools
 

Another tool used in every Equatorial African country surveyed is a large
 

knife or machete. While most are made by local blacksmiths, farmers recognize
 

the superior quality of carefully-engineered factory models made of top-quality
 

high-carbon tool steel. One factory in Nigeria produces machetes, under the
 

"Crocodile" name, and farmers have built up a strong preference for this trade
mark. As one official remarked, once they find out a product is good, they
 

are willing to pay more for it; African farmers are, in fact, very brand

conscious. One company makes 28 differently sized and shaped models, each
 

designed for a particular job with handles to fit specific use.22
 

One tool used almost universally in Equatorial Africa for harvesting is
 

21
George J. Funks, USAID Extension Advisor, Kenya, Ministry of Agriculture,
 
Personal Communication, October, 1968.
 

22
G. Hardwich, Hardware Manager, G.B. Ollivanti, Ltd., Lagos, Nigeria, 

Personal Coumunication. 
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the sickle. Except for large commercial farms, plantations and government

sponsored mechanized schemes using combines, practically all grain is cut
 

with this small implement. The scythe is a more efficient tool, but its
 

introduction and acceptance has been very slow because it is harder to use,
 

more costly and requires frequent sharpening. There is room for improvement
 

of the sickle or for development of a harvesting tool to take its place.
 

As cropping areas and yields increase, labor for harvesting becomes a critical
 

problem. It may be that the scythe will never be accepted; it or any other
 

tool obviously will not be unless it is demonstrated, promoted, stocked and
 

made available at the local level at a reasonable price. A machete or small

tools factory could produce the blades locally, but the extension service
 

must work with farmers in the field and train them in order to promote purchase 

and use. 

Threshing. Grinding and Cleaning Tools
 

Hand threshing is a tedious process. Where animal power is not available,
 

simple improved hand-operated threshers could greatly increase the productivity
 

of men performing this task. Nothing has been done to help the small farmer 

with this operation. On a strictly subsistence level, the high manpower
 

requirements have not been important, but they are of major concern to the
 

emerging market-oriented farmer who has other ways in which he could use his
 

energy and time more profitably. Small engine-powered threshers should be
 

tested and introduced in the hand-powered farming areas where larger and more
 

efficient tractor threshers are not available.
 

Hand grinding is another time-consuming and laborious task. Africa can
 

learn from the Vietnamese treadle mortar which increases the speed and output
 

of this simple process by 40 to 60 times. With the African hand mortar and
 

pestle, for example, it takes 4 hours to convert one kilogram of brown rice
 

into white rice; while with the Asian treadle mortar, 12 to 18 kg. of brown
 

rice can be converted into 10 to 15 kg. of white rice in only one hour. This
 

marked increase is obtained through the more efficient use of a simple beam

action pounding lever.
 

Almost as time-consuming as hand cutting and threshing is the job of
 

cleaning grain in the wind. When there is no breeze, the work must wait. A
 

simple hand- or foot-operated winnowing fan can markedly expedite this process
 

and produce a cleaner product in a fraction of the time. Again such devices
 

are being made in the Middle East and in Asia, but they have not been intro

duced to the small farmer in Africa. Hours of increased productivity could
 

be realized with the introduction of simple hand-turned or foot-operated win

nowing fans. Furthermore, they could be made locally, to create new jobs and
 

new wealth for developing countries.
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Local Manufacturers and Repair of Tools
 

The small hand tool is such a low-profit item that few companies want to
 
get involved in its manufacture or diszribution. One company, the Scovil Hoe
 
Company of Higganum, Connecticut, is very much interested in producing high
quality steel blanks for final processing in small factories in developing


23
countries.
 They have the steel and the fabricating facilities but need
 

help in determining the beat design of tools for each major crop and culti
vation area in developing nations. 
 Since most African countries must import
 
their steel, it would greatly expedite the production of good tools if the
 
correct quality of steel and approximate shape could be stamped or forged in
 
modern overseas foundries and shipped in bulk to the recipient nations. 
The
 
important factor is to determine, by actual field trials and evaluations in
 
the hands of the using farmer, what constitutes the better tool and what
 

changes need to be made.
 

The local blacksmith or artisan is an important link in the distribution
 
and service chain. 
Without his approval, acceptance and ability to repair
 
and sharpen the better tool, it will not be recommended by him. He also must
 
be taught how to heat and work the metal or he can ruin its superior quality
 
and functional advantage. 
While local blacksmiths have served local needs
 
with their unsophisticated tools and facilities, they 
can be taught new skills
 
(e.g. Shambaugh developed a simple hot metal holder to permit working red hot
 
material easily, safely and effectively).24 There is need also for a larger
 
number of skilled artisans in local villages. Often cultivators must travel
 
from 10 to 60 km. to the nearest market to purchase or to repair a tool.
 
Under such conditions, anything better than native stone or wood is not likely
 
to be thrown away even though it may be worn out by other standards.
 

It has been observed that indigenous tools are rarely sharp or ever shar
pened. 
This is partly due to the scrap material from which the tool is made
 
and partly to the method of fabrication and metal-working techniques. 
A
 
great deal of energy is wasted in forcing the action of-dull tools.
 

If the hand-powered Equatorial African farmer is to become more produc
tive, he must have access to improved tools. He must have tools which permit
 
him to do his work more effectively, not just to save labor, but to do more
 

work with greater accuracy, speed and ease.
 

Animal Tools
 

Animal power is important to the further development of agriculture in
 

2 3
DePaul, 

2 4 
Op. eit. 

T.J. Shambaugh, Jr., Bta&ckm.ntha Tcoo HotdeA So, Ch Ze6 and Punehe, 
How to Make It, How to U6e It, Special Report 69-6, (mimeographed) (Samaru,
Zaria, Nigeria: Industrial Development Center, 1969).
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Equatorial Africa. 
In many of these countries its use and improvement tends 
to be overlooked although very satisfactory improved basic animal-drawn tools 
are available for promotion. Finally, ic is evident as with hand tools that 
farmers not only need but want better equipment in most areas.
 

Limitations Affecting Animal-powered Systems
 

The 
two studies mentioned earlier draw attention to cases, in Ethiopia
 
and Nigeria,25 whera progressive farmers have requested assistance from their
 
governments to make available improved animal-drawn equipment and to teach
 
.them how to uie it. However, little attention is being given to tnis important
 
area of development due to the ever increasing demands on busy staffs in agri
cultural departments and ministries of developing countries.
 

With so much emphasis on more sophisticated equipment, such as jet air
craft and 60 to 
100 hp. diesel tractors, there is 
a tendency for high-level
 
planners and technical experts to consider animal power out-dated, unimportant
 
or even retrogressive. Frequently, officials have little contact or under
standing of the problems of the small farmers. 
The small farmer needs help
 
within the contemporary context of his environment with its limitations, and
 
commensurate with his available resources and present abilities.
 

The practical farmer, the real decision maker, is far removed from the
 
level of government planning officials trying to help him, thus there is little
 
chance for feedback. 
Great numbers of capable agricultural extension field
 
workers are needed who can speak the farmer's language and understand his
 
problems. Extension field workers must know far more than the farmer, be
 
well-grounded in the practical application of proven technology, be able to
 
demonstrate any recommendations with confidence, and have experience to make
 
intelligent judgments in selection and application of new proven practices.
 
Furthermore, field workers must be personally interested in the farmers' wel
fare.
 

One purpose of Chapter III is 
to review some of the most promising develop
ments in animal-draft equipment and to show that considerable equipment already
 
is avai'able. Major implements are discussed which can make definite contri
butions to 
increased efficiency and productivity for the animal-powered farmer:
 
animal-drawn toolframes and toolbars and their attachments; seed planters,
 
cultivating and weeding implements; threshing and harvesting equipment; win
nowing, cleaning, grinding and processing machines; spraying and dusting tools;
 
irrigation devices; and farm carts and wagons.
 

There are still many opportunities to Improve further present implements
 
and to develop new equipment to employ animal power more effectively. One of
 

25 
Bengtsson, op. cit., 
pp. 14-15 and Tiffen, op. cit., pp. 5-6.
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the problems has been the relatively high cost of improved animal-drawn tools; 

v~lume demand has been so low that few firms can afford to go into the manufac

turing business and even fewer can stay in it. This low volume creates high 

prices which can be reduced only when sufficient promotion and effective exten

sion work has created a demand great enough to keep a factory busy throughout
 

the year. Individual governments can support such a program but support must
 

be sustained over a long period of time to avoid slow and erratic progress.
 

For the hand farmer, primary tillage and timely land preparation remains
 

the critical task. Animal power with its ability to break, turn or ridge
 

larger areas more quickly, has enabled the farmer to overcome this bottleneck.
 

However, if the plow is his only tool, he is immediately confronted with another
 

serious problun: he cannot look after and weed by hand all the land he can
 

till and plant with animal power. Weeding becomes the limiting factor in in

tensified expanded animal-powered production when all operations subsequent
 
26
 

This is pointed out by Bengtsson in Ethiopia
to tillage must be done by hand. 

27
 

and by Shambaugh in Nigeria.
 

Some farmers do their first weeding with the plow, in a thinning process,
 

but this practice is far from satisfactory. Implements are needed which are
 

specifically designed for this purpose. While they are available and used in
 

large numbers in Asian countries, they are seldom seen in Equatorial Africa
 

other than in Senegal. Several types of simple, fixed or expandable hoes are
 

inexpensive and suitable for the farmer who already owns a ridging plow or an
 

improved plow of any kind.
 

Promising Developments in Animal Implements
 

For the capable and progressive farmer, a better choice would be one of
 

the multiple-purpose toolframes or toolbars which are available in both wes

tern and eastern Africa. Manufacturing facilities have been established in 

Senegal, Kenya, and Nigeria to produce these to s locally, but the demand was
 

so low due to the lack of effective promotion and extension support that the
 

factories in the latter two countries were forced to close. 2 8 Large manufac

turers are producing very satisfactory animal tools in France (Mouzon, Con

structeur A. Luzarches) and in England (John Darbyshire and Company, Ltd.).
 

26
Bengtsson, op. CU., p. 45.
 
27T.J. Shambaugh, Jr., Bo~wu CompLete TiUage Mactine, Special Report No.
 

68-8, (mimeographed) (Lagos: USAID/Nigeria, 1968), p. 1.
 
28
The SISCOMA faotory in Senegal produced 1,229 Polyculteur models in 1963 

(but none since), and 492 Ariana models in 1967 and 1968. Heat Exchangers Ltd. 
in Nairobi state that they have only sold 100 units of the Ariana in three years. 
With regard to the Kano factory in Nigeria, see also D.W.M. Haynes, PapeAb On 
Ag~icuUwat EngineAing in Nodthe : Nige.ia (Samaru, Zaria, Nigeria: Ahmadu 
Bello University, Institute for Agricultural Research, 1964), Section III,
 
Appendix, p. 1.
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The farmers like these tools and want to buy them, but they need assis

tance since the cost of the implement is beyond their resources. However,
 

merely providing the tools on credit is not enough. An intensified training
 

program and supervised credit and farm-planning service are required to make
 

sure the improved power and implement systems are put to work raising better
 

crops on more land with greater labor utilization.
 

With a basic toolbar, the farmer can add other attachments at very reason

able cost as he gradually enlarges his operations and begins to utilize other
 

inputs to improve his farming system. Currently available are attachments for
 

tillage, weeding, seeding, cultivating, and carting plus several harvesting
 

tools for lifting groundnuts. Many more attachments could be made available,
 

including an engine power unit to take the place of oxen, if and when it becomes
 

economically possible for the small farmer to raise the level of mechanization.
 

One of the greatest dcficiencies in animal-powered tools is the lack of
 

effective threshing, cutting and harvesting machines. The sled-mounted knife
 

cutter can be made easily for cutting stalks of maize, sorghum, millet and
 

guinea corn, but no satisfactory simple machines are available for cutting
 

small grains, grass and forage crops. A new type reaper made in France by
 

Mouzon Freres is just now being introduced in Senegal.
 

In all probability, threshing machines and processing equipment can be
 

more economically and efficiently operated by small stationary engines which
 

can either move to the fields or be located semi-permanently. In the mean

time, however, the Indian Oplad type of rolling disk-thresher may be the most
 

economical answer for the many African farmers now threshing with animal
 

hooves.
 

The development of an inexpensive and durable two-wheeled animal cart
 

remains to be solved for the majority of animal-powered farmers. While re

search institutes, experiment stations, universities, and foreign technical
 

assistance programs have worked on designs and have built numerous models,
 

no completely satisfactory cart is commercially available at a reasonable
 

price. An ingenious idea was developed by Shambaugh in Nigeria, using the
 

rear half of an imported, heavy-duty farm wagon. It requires only a tongue in
 

place of the reach, and the addition of a locally-made box, to make a very
 

sturdy, roadworthy and high-capacity cart. Surprisingly, it costs less im

ported than most light carts with half the capacity which have been fabricated
 

locally in small numbers.
 

The addition of a cart to the farmer's tools can be a very important
 

stimulus in helping him to adopt other new practices. With load-carrying
 

mobility, he has incentive to raise more crops and to seek out new and more
 

distant markets. He can do custom hauling for neighbors to enhance his poten

tial cash return and acquire additional resources to purchase more of the
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proven production-increasing inputs. In other words, a simple cart can greatly
 

broaden the farmer's horizons and increase his income.
 

Engine Tools
 

In Chapter III different degrees and types of engine-powered tool systems
 

have been considered. Some of the advantages, features and capabilities of
 

both small and large engine-powered systems have been compared. Individual
 

tools with special relevance in agriculture in the hot, low-elevation and
 

temperate, high-clevation tropics are discussed briefly.
 

Space does not permit a more thorough coverage of the great variety of
 

tools largely developed elsewhere which could be utilized in Equatorial Africa
 

by modification and adaption. How effective they are, whether changes in
 

current production models must be made to adopt them to Equatorial African
 

conditions and tropical climates can be evaluated only by field trials,
 

experiments and adaptive research.
 

Engineers, agronomists and economists who have had considerable experience
 

in the tropics can make tentative evaluations about the suitability of machin

ery for use in tropical agriculture. Careful evaluation before recommending
 

that certuin machines or implements be imported for trials and testing can
 

avoid the importation of many unsuitable implements and tractors. There are
 

many well-designed, standard-size machines and power units that can be used
 

in Equatorial Aftica with little or no modification, when wisely selected,
 

competently operated, properly maintained, and fully utilized in commercial

type farming operations on both large and small farms.
 

Small Walking-type Tractors
 

Small engine-powered systems may be classified under two categories:
 

single-axle power-tiller units and attachments of 4 to 10 horsepower, on which
 

the operator does not normally ride; and larger dual-axle tractors and attach

ments of 8 to 15 horsepower, which are in reality scaled-down models of con

ventional farr tractors. There are units both smaller and larger than these,
 

but this range comprises the cost popular and perhaps, most useful sizes.
 

It should be pointed out that many, if not most, small tillers and trac

tors are not designed for the small farmer who must make his living from
 

tilling the soil. Most small power units made in Europe, the United States
 

and Japan are made for weekend gardeners, for estate maintenance, or for
 

special jobs such as golf course maintenance and rice paddy cultivation. They
 

are not designed for rugged, hard work, hour after hour, or for operation in
 

tough soils, extremely hot, dusty or muddy conditions. They generally are
 

too light, too complicated and require too much attention; they are under

powered, are equipped with small and ineffective drive wheels.
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Because of the shortcomings of many small power units, officials, engi
neers and agronomists alike, tend to conclude that the small tiller or trac

tor is not suitable and has no place in the small cultivator's farming program.
 

There is a great deal of controversy over small engine-powered equipment,
 
whether it fits into the agriculture of developing countries and just what
 

kind of farmers, if any, should be using it. 
 There is ample evidence, however,
 

in Japan, the Republic of China (Taiwan), Korea, India, Iran and the Philippines,
 

that certain small tractors can be very beneficial and do many tasks more
 
29
economically than hand or animal power, especially in wet land preparation.


Tests also have been made by several machinery-testing units in Asia, Africa,
 

and Europe on several models which have proven suitable for dry upland cul
30 
tivation.
 These units can be used for farm work and are durable and simple
 

enough to stand up under severe operating conditions, with a minimum of main

tenance and care.
 

A brief description and conclusions of tests made to 
determine suitabil

ity and performance are given on two of several tillers being sold in Equa

torial Africa: the Titan Merry Tiller and Landmaster L-150, both made in
 

England. Modified Japanese-style models are currently being manufactured in
 
31 
a number of Asian countries including Korea, Taiwan and India.
 There are
 

some 
suitable small tiller- and tractor-type machines which can compete eco
nomically with hand and animal power when used by trained people. 
They must,
 

however, be supported by a responsible dealer network.
 

Furthermore, the successful use of these small tillers or tractors depends
 
mor. upon the man who is using it than is the case with large power units.
 

Skill in handling the machine and the desire to 
do a good job have considerable
 

influence on the quality of work and productive capacity. Cooper reported on
 

the test of the Titan Merry Tiller, "as with most motorized cultivation, the
 

quality of work depended largely on the operator's desire to produce good
 

results. Under the conditions encountered during the test, the machine was
 
32
 

capable of producing good work." 


At this stage of development in Equatorial Africa, there is perhaps a
 
need to be very cautious and selective in introducing small power units
 

into the agricultural sector because of the small farmer's traditional
 

lack of mechanical background and because of the shortage of adequate sales
 

and service facilities to support him in rural 
areas. Unless the distributor
 

2 9 
Record o6 Exp.At Group Meetin on Ag cuttwtae Mechanizat on, Vol. I 

(Asian Productivity Organization, June, 1968), pp. 52-54.
 
30S.W. Cooper, "Test Report on a Walking Tractor", Knya FahmueP,
 

(reprint, June, 1966).
 
31Recod o6 Expe..t Gkoup Meeting on Agicuftaeu Mechanization, pp. 93-4 . 
32

Cooper, "Test Report on a Walking Tractor".
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has trained staff and locally-based units equipped to back up any machine sold,it becomes unwise for the average farmer to invest in any tool he or the local 
blacksmith cannot repair and maintain.
 

The Singer Sewing Machine Company is attempting to overcome past shortcomings of small tractors by introducing the Landmaster tractor and attachments 
together with a very intensive service and farmer training program. 
 In
addition to their numerous established retail sales and service centers throughout Kenya, for example, they are providing mobile demonstration and service
 vans which travel throughout their territories. 
 They guarantee free service
to the farmer for the first year, and sometimes for the life of the machine;they will not sell a tractor unless they have access 
to it and can work closely
with the farmer and service the machine regularly.33

Manufacturers find this type of promotion expensive aLd slow, but theybelieve it Is the only way to effectively introduce small power machinery
to the African or Asian farmer. That this type of promotion is neither easy 

nor inexpensive is indicated by Stanley who states,
 

We have succeeded in putting Landmaster machines into
many countries but it has always been hard work, although
wherever we have succeeded there have been immediate signs
of improvement in productivity so 
far as volume and quality

are concerned.34
 

Small Four-wheel RidingTractors 

The economic value of small four-wheeled tractors has not been clearly
established in Equatorial Africa. 
 There are a few machines adequately designed
which can be adapted to local conditions to perform effectively in ruralEquatorial Africa. They must be carefully selected, tested and evaluated 
before any attempt is made to introduce them on a 
mass scale. This
research needs 
to be done throughout Equatorial Africa and is 
a logical activity of a national research program on machinery evaluation and development.
Most small tractors cost proportionately more per horsepower than the larger
standard sizes because of the very low production rates and the relatively
high cost to sell and service them. 
The profit margin is much smaller so the
dealer must sell many more units to pay his business overhead; and yet the
cost of doing business and employing capable mechanics is the same.


Several models 
are described briefly in Chapter III. 
 The Self-Help
 
Organization35 
has distributed many of the Self-Helper tractors to developing
 

33Kenneth Parkins, Landmaster Sales and Service Representative, Singer

Sewing Machine Company, Nairobi, Kenya; Personal Communication, October, 1968.
34S.S. Stanley, Expert Sales Division, Landmaster Limited, Nottingham,
England, Personal Communication, March, 1969.
 

35
Self-Help, Inc., Waverly, Iowa, 50677.
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countries but no records of tests or evaluations were available for Africa
 
or similar areas. Boshoff, agricultural engineer at Makerere University
 

College, also is developing a small tractor from standard commercially

available parts which he believes will satisfy the 	farmers' need for additional
 
36 
power above or perhaps complementary to oxen power. Several prototype models
 

have been assembled but test reports or work studies are not yet available.
 

A brief discussion is given for a few of the many small engine-powered
 

threshers, shellers, winnowers, water and irrigation pumps which can play a
 

vital role in the agriculture of developing countries. Not very many of these
 

machines are in use today, but the outlook is very good and will develop rap

idly once the basic field techniques are established and the educational
 

level of the next generation of farmers advances. 

The developmenc of adequate roads and communications systems along with
 

associated businesses and small industry can accelerate the introduction and
 

acceptance of improved equipment. The use of small engine-powered pumping
 

sets for irrigation in the arid and semi-arid regions with potential year

round production is especially significant since they can remove the main ob

stacle to production when an adequate supply water 	is available.
 

Standard-sized Farm Tractors
 

While large engine-powered equipment are likely to 	continue 
to have a
 

growing role in the mechanization of Equatorial African agriculture, it will
 

be a long time before the average small farmer will be able to own and operate
 

his own unit. Thus, government hire services and private contractors are one
 

method of expanding the facilities for primary tillage and specialized ser

vices to emerging farmers. Settlement schemes, cooperatives and commercial
types of farming operations are another method of mechanizing and performing 

collectively most of the basic tillage and cultivation operations. 
Depending
 

upon the crop, weeding, harvesting, cutting and threshing also may be done.
 

Thus, the potential impact of large engine power is great, but for many years
 

to 
come is likely to affect only a small percentage of Equatorial Africa's
 

millions of hand- and animal-powered farmers.
 

Thus, no attempt has been made in Chapter III to discuss all implement

and equipment associated with conventional large-scale and specialized engine

powered farming. A few examples have been given indicating trends and op

portunities for large engine-powered machinery. In Africa, by and large,
 

the selection, application, operation, care and maintenance of big machines
 

36W.H. Boshoff, Makerere University College, Faculty of Agriculture, 
University of East Africa, Personal Communication, February, 1968 and
 
March, 1969.
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will rest with a few farmers and large commercial farming operations, both
 
public and private. 
 The small farmer will take advantage of big machine and
 
tractor performance where it is available and when he finds it to his economic
 
advantage to do so. 
 But, generally speaking, it will not be his concern to
 
see that these machines are wisely selected and efficiently utilized.
 

There are many pitfalls plagueing the effective and economic employment
 
of expensive high-horsepower tractors and machinery in developing countries.
 
Many private contractors as well as governments lack adequate information about
 
the real costs of owning and operating machinery. There appears to be a gen
eral tendency to borrow in order to meet current expenses. Frequently, only
 
direct-operating expenses are met, thus when the equipment needs replacement,
 
there are inadequate funds since depreciation costs have not been covered.
 

There are many good tractors and large-size engine-powered machines which
 
can be used as effectively for agricultural production operations in the tropics
 
as in any other area. Some modifications may have to be made to 
fit them to
 
special climatic conditions such as high-temperature lowland operations or
 

high-altitude upland areas.
 

Innes and Scott state that there are 
four main problems relating to the
 
performance and reliability of tractor operation under tropical conditions:
 

radiator blockage; fuel filtration; electrical troubles; and air-filter main
tenance. Furthermore, maintenance and repairs are very important in "working
 
with unskilled drivers in areas of 
[East Africa] where constant supervision
 

'3 7 
and inspection is either impractical or too costly."
 A big problem is
 
obtaining or training skilled, capable and responsible operators. 
The absence
 
of tractors and machines to be repaired is the real measure of an effective
 

maintenance and training program.
 

There has been some inclination by foreign donor nations 
to neglect giving
 
adequate attention to the suitability to local African conditions of much
 
equipment and tools given in the form cf gifts or low-cost loans. 
 These poorly
 
designed wood, iron and steel machines would be difficult for a developed
 
nation to use effectively and keep in f;ood repair, let alone a nation strug
gling to develop its agricultural and Industrial economy. 
The high cost of
 
repair parts, 
the lack of experienced mechanics and technicians, the lack of
 
supervision in the field, the improperly trained and inadequately motivated
 
drivers, and the almost complete lack of soundly administered and business
oriented organizational structure have all 
contributed to the failure of
 
machines and power units and the complete mechanized system.
 

37

D. Innes and P.F.C. Scott, "Tractors Modified to Suit ELst African


Conditions," Jouhnae o AgAicuttaa EngineeAbng Reztetch, Vol. 6',No. 1 
(1961), pp. 79-82.
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Many African governments purchased directly from the manufacturer through
 
government-o.ned or controlled trading and import companies. 
They by-passed
 
established importers, dealers and service organizations who normally handle
 

agricultural machinery. 
Spare parts were not ordered in some of these Ini
tial deals .
 As tractors broke down, they were cannibalized to keep others
 
going. Such conditions of operation have added to the ordinary problems of
 

using and servicing farm machinery.
 

Training is very basic to 
the successful Introduction and continued suc
cessful use of agricultural machines, whether large or small, animal- or
 
engine-powered, government or privately-operated. A thorough program of
 
training and instruction, with adequate follow-up, must 
be put into effect
 
from the very beginning. If the correct procedure can 
be taught and made a
 
habit, repeatedly checked and corrected as 
soon as deficiencies or faults
 
show up, then skilled and responsible machinery operators, mechanics, tech

nicians and supervisors can be produced.
 

That this can be done is shown by the success of Motoragri in Ivory Coast 
in training an Ivoirian staff of over 750 employees, much of the training dotle
 
on the job. While these people are well-trained, they are still supervised
 
by qualified ter!inical staff until they gain sufficient ftperience take
to 

over complete responsibility. Initial training is not enough; there must be
 
progressive training to keep regular employees on their toes and 
to upgrade
 
the best employees into positions of higher qualification and responsibility.
 
There must be a continual program of employee evaluation, follow-up and cor

rective training or disciplinary action if the employee 
fails to measure up to
 
established standards. 
 Even in tne best organizations there will be some mem
bers who are misfits or incompatible workers; 
and for the good of the organi

38
 
zation they must be released.
 

Another type of training program is conducted by the Narosurra Nechani
zation Training Scheme in 
 Kenya. In this intensive three-nonth course of prac
tical training, individuals are trained to be self-reliant and to go out and
 
work on their own without direct supervision. Many of the graduates have
 
become private contractors or are managing large farms using engine-powered
 

machinery. 39  

Both of these programs are described in Chapter V.
 

38Arie Barkol, Director General, Motoragri, Abidjan, Ivory Coast,
 
Persunal Communication, May, 1968.
 

39 

lichael Low, Executive Directcr, Narosurra Farm Mechanization Training


Scheme, Sabatia, Kenya, Personal Com unication, October, 1968.
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Analyses of Present Farming Systems
 

Engineering and Technical Analysis
 

Hand-powered Systems
 

If agricultural production is to be improved for the small African
 
farmers, they must be informed about better tools and methods of using them. 
There are several ways in which improved hand-operated tools can assist small
 
farmers and extend this efficiency. 
The first is to increase yields and
 
the productivity of relatively scarce inputs by making efficient use of
 
available resources. The second is to 
expand the size of operations to
 
utilize fully available manual labor and tools within the energy limits of
 
the best known farming system. This can be done by specializing in high-value
 
crops or by diversifying to spread labor and resources over the entire year
 
rather than concentrating it on a single crop or season. 
 Farm planning and
 
land use surveys can help farmers to plan adequately for coordinated use of 
their land, labor, capital and time resources.
 

1) Defining Characteristics of Hand-powered Agriculture
 

Accurate, detailed information about hand-farming systems is meager.

4 0 
 41 
Norman
 and Gibbs are making an intensive study of several groups of Niger

ian villages 
to define the social, economic and agricultural factors of 
a cul
tural living unit and how it is influenced by outside as well as 
inside forces
 
and contacts. 
 CADU in Ethiopia is making a detailed study of hand- and animal
powered agriculture in Chilalo Awraja as part of an overall package development
 

42
 program.
 

Educators, administrators and technical officials do not know enough about
 
the small cultivator, his motivations and beliefs in life and agriculture.
 
Without a detailed knowledge of existing cultivation practices evolved by Af
rican farmers through long experience, sound recommendations for changes cannot
 
be made. 
Before any attempt is made to introduce innovations, the existing
 
cultivation pattern must be sufficiently analyzed to define both its advan
tages and disadvantages.
 

40David W. Norman, An Economic Study o6 Thtee VZaea iZn Za ia Pfouince,Samaru Miscellaneous Paper No. 19 (Samaru, Nigeria: 
Ahmadu Bello University,

Institute for Agricultural Research, 1967).
 

41C.J.N. Gibbs, An Economic Study 6 TAee ViUa. in Baalci Pt oine,Samaru Miscellaneous Paper (Samaru, Zaria: 
 Ahmadu Bello University, August,

1968).
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Bengtsson, op. cit. 
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2) Lack of Adaptive Research and Locally Tested Innovations
 

There is a paucity of locally-tested innovations recommendable to the
 

small farmer of limited resources. This lack of tried and proven techniques
 

has caused the extension service and agricultural advisers to make serious
 

mistakes in the past in trying to tell African farmers how to improve their
 

practices. Many technicians lack actual farm experience and consequently can

not gain the farmers confidence. There is very little communication between
 

the farmer and those responsible for planning and making decisions.
 

Too often the farmer has been left out. All national governments and
 

regional bodies should become more aware of what is happening at the farm level
 

and why farmers do some things and not others. The CENTO traveling seminars
 

in Turkey, Pakistan, and Iran are a good example of regional activity designed
 
43 
to understand the farmer and his problems. Many of the explanations they
 

found for farmers not following recommendations or adopting improved practices
 

would apply in Equatorial Africa.
 

Steps should be taken to provide a supply of hand-operated machinery and
 

equipment for the small farmer since, for a long time to come, a substantial
 

portion of African agricultural production will come from individuals who can

not afford to mechanize in any other way. Even if the traditional farmers are
 

responsive to economic incentives, they do not search out new methods or in

puts. Farmers' expectations must be changed; they must be alert, aspire and
 

seek out new possibilities to improve their position.
 

3) Activi! Support of the Extension Service
 

In an actempt to promote better tools, the extension service of the
 

%inistry of Agriculture must be an active and constant participant. First,
 

there must be many good extension agents in regular contact with farmers.
 

This in itself is a major problem in Equatorial Africa becauze of the scarcity
 

of trained people and the shortage of funds allocated to the agricultural ser

vices. Secondly, extension agents must be convinced of the merits of the im

proved tools and practices they are demonstrating to farmers. Thirdly, they
 

must get out into the field and work confidently with the farmer. To succeed,
 

the improved tool must be an integral part of an overall program so the farmer
 

accepts the tool as part of a package of improved farming practices. For
 

example, to increase maize yields by more timely and efficient weeding with an
 

improved hoe and row cultivation.
 

4) local Supply and Repair of Tools
 

But simply developing tools is not enough -- the blacksmith must be taught
 

43
Central Treaty Organization, TAaue.tLn SenmnoA jolt Incve.,ed Ag.icut
tu~au PItoduction, 1962; TAaueZ.n Semnvn on Fawm Toota and Imptfmen.t , l7Am, 
Pah6tan, TuAzey (Ankara: CENTO, 1968), and others. 
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how to make and repair them. This can best be done by bringing him in for a
 

special one or two-day school. Short intensive-training programs to teach one 

specific thing are an effective way to get across new ideas, with follow-up
 

visits to the place of business. This is also just as true for farmers. As
 

Rigter pointed out in northern Ghana, the follow-up farm visit is the most
 

important part of the training program.
44
 

Animal-powered Systems
 

Where cattle are a traditional part of the lives of farming people, it
 

is easier to get farmers to consider the use of animals as a power source since
 

they are experienced in handling and caring for them. 
 There are many instances,
 
however, in which cattle herding and established cultivation traditionally are
 

not combined. Cattle herders 
are more reluctant to become farmers than hand

farmers are to adopt animals for power. This situation exists in parts of
 
Ethiopia, Kenya, Tanzania, Nigerip, Ghana, and Senegal.
 

Wherever trypanosomiasis and other serious diseases have prevented cattle
 

raising, farmers have been forced to farm by hand. 
In these areas, as soon as
 

the disease problem is minimized, the whole concept of animal use and care can
 
be introduced along with the techniques of handling and harnessing of animals.
 

At the same time, improved cultivation practices must be introduced to permit
 

the efficient and profitable use of animal-powered tools.
 

In French-speaking western Africa, comparatively few mechanized schemes
 

operate outside of large-scale export-oriented plantations and farms. One
 
scheme in the Central African Republic is reported to be quite successful:
 

tractors for the heavy breaking, clearing and leveling; ox plows for planting
 

and cultivating; and hand-work for the remaining tasks are used because there
 
45
are few draft animals in the region. In other parts of Francophone western
 

Africa, the accent is mainly on animal-drawn equipment. Even with animal power
 

mechanization is profitable only when applied to export crops.
 

Considerably more emphasis has been placed on the utilization of improved
 
animal-drawn implements during the past decade in western. Africa than in
 
eastern Africa. Senegal has made the most progress, supported by a quasi

government organization, Soci'te Industrelle Sengalaise de Constructions
 

Mechaniques et de Materiels Agricoles (SISCOMA), to produce improved tools and
 

implements. All extension recommendations are backed up by a long-term inten

sive experimentation and research program at the Bambey Centre for Agronomic
 

44

Karel Rigter, Agricultural Missionary, Christian Service Committee,
 

Garu, northeastern Ghana, Personal Communication, November, 1968.
 
45


C.S. Gordon, AID Operations Officer, Bongui, Central African Republic,
 
Personal Communication, January, 1968.
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Research. 
The Bambey Centre has made many studies on practical aspects of
 
agricultural mechanization and has developed, tested and approved implements for
 
the emerging commercial-minded small farmer.

4 6
 

Much of the success of Senegal's increased agricultural productivity results
 
from the formation and training of a large field staff of so-called "popular
izers" who work closely with the Bambey Centre and take the Improved practices
 
and equipment to the farmers. 
 They work intensively with each farmer, help
 
him apply a whole package of ideas and improved inputs, according to his specific
 
local conditions and present stage of development.
 

Increased power and improved tools 
are an important part of this program,
 
but it must be noted, the tools are made a part of an 
improved farming practice
 
and are necessary 
to put it into effect. Each tool has a specific purpose and
 
is designed for multi-use. 
Plowing and deep placement of fertilizer demonstrate
 
how animal-power and a fertilizer unit made the production of groundnuts 
com
mercially feasible. 
 In addition, each new practice is thoroughly tested on
 
farms and in pilot projects before being promoted on a large scale.
 

Such a program of research and promotion for farrers is a gigantic task
 
for any developing country. 
 The large number of men and resources used by
 
Senegal in implementing the current program to increase groundnut and millet
 
production are cited in Part Two, Chapter V. 
It is a tremendous job to intro
duce proven techniques with new power and associated tools 
at the farm level.
 
If this is 
true for the relatively simple animal-powered system, how much more
 
difficult it is to teach hand-farmers wich low education levels and skills all
 
the fundamentals of advanced engine-powered systems.
 

1) Limitations and Constraints
 

Some limitations and bottlenecks affecting the use of animal-power are:
 

a) Cultivation Practices 
Simplified methods of seedbed preparation
 
in Ethiopia for peas and flax with indigenous breaking plows often result in
 
poor yields. Fields 
so planted are plowed only once and Bengtsson says this
 

method explains the heavy weed infestation in these crops.47

To prepare a reasonably weed-free seedbed with the native ox-drawn breaking
 

atd, the Ethiopian farmer must plow the land three to four times. 
 This takes
 
a tremendous amount of time, and Bengtsson's study showed a single farmer
 
cultivating about 8 ha. spends about 390 hours plowing, if he Uoes all the
 
work alone. 
 Since no work is carried out on holidays or Sundays, the plowing


4 8
 
takes two months.
 

46M. Monnier, Chief Technical Research Ofiicer, Mechanization, Bambey
 
Centre for Agronomic Research, Thies, Senegal, Personal Communication, July,

1968.
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Bengtsson, op. cit., 
p. 6.
 

48 ibid., p. 9. 
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Nor is broadcast seed by ox-plowing efficient. 
 It not only takes con
siderable time, but covers much of the seed too deeply or not enough. 
Bengtsson
 
suggests this practice explains the excessive seed rates used.
49
 

b) Weed and Management Problems 
 Plowing practices of farmers in
 
central Ethiopia are 
restricted by tool, weather and management limitations.
 
All plowing is carried out with the simple ox-plow with a bent wooden beam and
 
a small iron point. It is inefficient, breaking open only the surface of the
 
soil and lacks turning properties. 
Weed growth is checked very little and
 
many farmers regard plowing as just a means of seedbed preparation. Although
 
farmers admit they have many weeds in their fields, only one-fifth of them
 
regard plowing as 
a weed control method. Hand-picking or cutting of tall
 

5 0
weeds is seldom carried out between plowings.


To facilitate the work of the oxen-pulled plow, most plowing is carried
 
out according to the rains. 
 Ninety percent of farmers start to prepare the
 
soil when it is moist enough or after approximately one week of rain. 
Never
theless, the remaining 10 percent say they do not need rain in order to start
 

51
 
plowing after harvest.
 

c) Condition of Animals 
 The condition and strength of oxen have a
 
major effect on 
the depth and quality of land preparation. After the long
 
dry season the oxen are 
in their poorest condition, when they need the most
 
strength for the first plowing. 
 If soil preparation for certain crops must
 
begin while the ground is still dry and hard, the amount of land that can be
 
prepared will be limited, the depth restricted and the farmer may be forced
 
to plant other crops.
 

The poor condition of draft-animals, fed on bruised straw during the
 
dry season, may be a major obstacle to improved animal cultivation using im
proved implements. This restraint could be eliminated if natural grasses now
 
growing in many of those areas were cut while still green with the scythe or
 
some other improved tool, and made into hay to provide 
food for the animals
 
during the dry season. 
Straw bruising would lose the importance it now has
 
for animal feed and allow the adoption of improved threshing methods and ma

chines.
 

Care should be taken to develop better draft animals rather than to
 
modify implements to fit poor power sources. 
In many instances, better feeding
 
and care of existing draft animals 
can be complemented by improved yokes and
 
harness and adequate organization of the field work.
 

49ibid., 
p. 7.
 
50Ibid., 
p. 5.
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d) Tropical Diseases of Livestock In the tropics disease is a
 

major constraint. Large parts of Africa south of the Sahara have a particular
 

problem caused by the tsetse fly. Winter and others point out that the tsetse
 

fly prefers shaded areas in the forest or bush. While it will go out to feed
 

on animals in the open, it usually attacks animals when they come into the
 

shade to rest. It occurs in areas up to 1,840 meters elevation at the equator,

52
 

cm. of rainfall.
but usually avoids areas with less than 76 


Trypanosomiasis is the common name given to a gioup of diseases of ani

mals and man transmitted by the tsetse fly and usually fatal to horses, mules
 

and donkeys. Tsetse also carries the infectious disease called sleeping sick

ness in man. Tsetse flies can be controlled by clearing trees and bush com

pletely or selectively. It prefers tall trees over three meters high with
 

dark bark, and usually rests below the two-meter level. The small farmer can
 

protect his animals by providing suitable shade for them in clearings away
 

from the forest or high bush. Other serious diseases are rinderpest, con

tagious bovine pleuro-pneumonia and east coast fever.
 

e) Land Tenure Most forms of non-owned land tenure tend to dis

courage the optimum use of resources. Theoretically, the exception is owner
 

occupancy but even this form of land husbandry has disadvantages. So much
 

of the small farmer's capital is locked up in his property that he is usually
 

short of working capital. The owner-occupier is forced to farm at a low in

tensity or rely heavily on loans to finance his operations. In Ethiopia,
 
53
 

Leander found none of such farmers heavily indebted.
 

Where sharecropping is practiced, the basis for payment tends to dis

courage the optimum use of resources, particularly purchased inputs. Tenants
 

share no concern about optimum combinations of resources for maximum profit
 

from the land; they want to maximize their own returns for labor. Leander
 

observed this occurs when tenant's marginal costs equal one-half to two-thirds
 

of the total marginal returns. Therefore, the application of labor and capital

54
 

to land is less intensive than under owner-occupancy. One important con

clusion may be drawn: sharecropping coupled with limited operational resources
 

has an adverse effect on the intensity of production and upon the farmer's
 

incentive.
 

52J.J. Winter, The Intt'tduction o6 Fau Powe ot Itctea6ed AQgZcaUmat 

Pfodugtion on Small Fats iunTopicat A6ica (unpublished M.S. thesis) (Ithaca: 

Cornell University, 1966), pp. 44-48.
 
5 3

Lars Leander, A Case Study o6 Peasant Faming in the Dige.u and Vetoma 

A e , Chitaeo Awtaja, E.tiopia, Publication No. 22 (mimeographed) (Addis
 

Ababa: Chilalo Agricultural Development Unit, Swedish International Develop

ment Agency, January, 1969), p. 94.
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f) Acceptance of Improved Tools or Techniques Another limitation
 

concerns the willingness of farmers to adopt new ideas and tools. Often, they
 

do i. t know about improved tools but sometimes they have not been convinced of
 

advantages over present tools or methods. Haynes mentions a case in northern
 

Nigeria in which implements had been tested and recommended to farmers but
 

were not accepted. The introduction of new implements has not proved easy in
 

the past. Three examples of satisfactory implements not adopted by farmers are:
 

1. Rhino Cultivator. It had been found possible to control weeds with
 

the cultivator, coupled with reridging at Samaru as long ago as 1954. The
 

Rhino was on the standardization list by 1957 but few were sold. It is no
 

longer available.
 

2. Super Eco Seeder. Tested in 1957 and manufactured in Kano, the high
 

price of $70.00 probably prevented sales of this drill.
 

3. Annular groundnut-lifter. Tested in Kano and recommended in the pro

vincial newsletter for local conditions: few, if any, were sold.
 

Haynes says the lack of published information and effective promotion was
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a major factor limiting adoption.
 

g) Effect of Intensive Cultivation on Land Erosion Soil and water
 

erosion are serious problems in Equatorial Africa. High intensity rainfall,
 

steep slopes, erosive soils, rapid decay of organic matter, arid condit: ons
 

for part of the year, over-grazing and intensive cultivation all contribute
 

to damage to soils. The use of improved animal-tools and increased power make
 

it possible to farm more land, to cultivate it more deeply, to pulverize it 

and to expose it to erosive elements. As Hopfen points out, in arid zones 

where organic matter decays rapidly, the humus in the soil is practically non

existent. Under such conditions the top soil turns into a crust during heavy
 

rainfall or irrigation and impedes soil aeration and plant growth. Heavy Lils 

when tilled have to be left in a cloddy condition. In tropical .rain-fed regions
 

good tilth is best maintained by a cover of 
natural vegetation.56
 

The prevention of erosion by suitable cultivation practices depends to a
 

great extent upon the pattern of the rainfall. In some areas the early storms,
 

just before or after planting, are more intense than during the later rains 

when an adequate ground cover has been established. Haynes stated that flat 

planting on broadlands appears to be unduly risky in such areas. The practice 

of planting on the flat to reduce seeding and initial weeding problemu, and 

subsequently ridging-up the crop during cultivation is well-suited to areas 

5 5 
D.W.M. Haynes, Ox-d.uon Imptement4 (mimeographed) (Samaru, Zaria, 

Nigeria: Papers on Agricultural Engineering in Northern Nigeria, Ahmadu Bello
 

University, 1964), p. 6.
 
5 6 

H.J. Hopfen, FaAm lmp/em.en in Ad and VTwoptwa Reogona, (Rome: 

Food and Agricultural Organization of the United Nations, 1960), p. 62.
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where the early rains normally are not intense and for crops which do not pro
vide good cover. Tied or alternately tied ridges laid out by the string method 
to impound water may be the safest form of cultivation where early railstorms 
are intense or unpredictable, or where expected rainfall exceeds the infiltra

5 7
 
tion rate of the soil.


2) Need for Improved Animal Tools and Practices
 

The traditional animal-powered farmer has been farming with tools and
 
methods unchanged for centuries. The breakin7-plow or oad is still the most
 
widespread animal-drawn implement in northern and e.astern Africa. 
 Different 
types in use today are strikingly similar to the most ancient of a'dd 
 illus
trated on old Sumerian seal cylinders.58
 

a) Better Land Preparation In Ethiopia, Kenya, Ghana and Senegal,
 
as well as in most parts of Equatorial Africa, there is need for improved plow
ing and seedbed preparation. With animal power the soil surface is only
 
scratched by the plow and there is little weed control. 
Field investigations
 
of the plowing depth show only 12-15 cm. as an average. This can be deepened
 
by a more efficient plow requested by a majority of farmers. Another simple
 
innovation would be a leveling implement to get an acceptable seedbed.59
 

Caution must be exercised in selecting and modifying implements, however,
 
for different soil and rainfall characteristics. The breaking-plow is very
 
suitable for semi-arid tropical zones where cereals, oil seeds and legumes are
 
grown in soil moistened by seasonal rains. In sandy soils and under dry con
ditions, it has the advantage of leaving a trash layer on the surface without
 
uprooting perennial plants, thus preventing excessive wind erosion and soil
 
drifting. 
Attempts are being made to further improve the ad breaking-plow in
 
semi-arid zones, instead of substituting the moldboard plow for it.
 

b) Better Training The proper control and utilization of animals
 
for power depends upon good training and harnessing. In areas where animals
 
are not commonly used for draft work, or where cattle herding and livestock
 
farming are not traditional, both the farmers and the animals need to be trained.
 
In Gambia, Senegal, Niger, Tanzania and Kenya, special ox-plowing schools were
 
established in the late 1950's and early 1960's, although some in Ghana and
 
Nigeria date back to the 1930's.
 

With independence, rising expectations and political promises favored
 
tractor mechanization and many countries de-emphasized animal power and lost
 
interest in ox-plowing. In Gambia, Niger and Senegal, the animal training
 

5 7 Haynes, Ox-duwn lmptemenU, p. 18. 
58Hopfen, op. cit., p. 44.
 
5 9 Bengtsson, op. CU., p. 58.
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schools have been largely inactive, but now there is interest in re-establish

ing or opening new schools in Ghana, Nigeria, Tanzania and Ethiopia. Tanzania
 

favors a mobile ox-training unit, instead of a fixed school, to go directly
 
to the farmer to avoid subjecting his oxen to possible disease at a permanent 

center. 

Regardless of the approach, if hand-farmers are to be encouraged to use 
animal power efficiently and economically, they must receive special training
 
and guidance in this technique. Animals must be carefully selected and trained,
 

properly cared for and fed, and fully utilized. The extension service, loan
ing agency, veterinary service, machinery suppliers and training schools must
 
all have a part in developing and conducting the educational program, the 
implementation program and the follow-up program on the farmer's land. 
As
 

an example, Braun recommended a system for the purchase of oxen and training

60
 

of animals and farmers.


c) Better Farming Practices To justify any increased investment in 
improved tools, power and inputs, the animal-powered farmer must be a more 
efficient producer. As Cooper emphasizes,
 

An extremely high-standard of farming must complement
 
the high cost of mechanization. In terms of relative pro
ductivity [emergent mechanized farmers) must be 2 1/2 to 3 
times higher than the unskilled farmer.61
 

The acquisition of mnre land or the acceptance of responsibility for
 
working or cultivating additional land imposes new problems on the emerging
 
farmer already faced with finding new or better use of his new power capabil

ity. In developing new implements for Nigerian farmers, Haynes mentions some 
stumbling blocks encountered by African farmers:

62 

1. Mechanization commonly brings about a reduction in yield but a marked 
increase in output per worker per hectare. It is essentially extensive and 
usually applied to cash crops. One factor common to subsistence .nd cash crop 

farmers is low productivity. 

2. The animal plow-farmer in mnst cases is still dependent upon hand 
labor for planting, weeding and harvesting so he may not be able to reach the 

full potential of his improved implements and power. 

6 0H.J. Braun, NigeA, Agricultural Progress Report No. 8 (Rome: Food and
 
Agricultural Organization of the United Nations, 1964).


61S.G.C. Cooper, Repot on a Vi.it to Uganda, Zamba and Tanza i.a, 
Ap&U, 3 - May 6, 1966, (mimeographed) (Nairobi: Common Services Organization, 
Agricultural Services, 1966), p. 22. 

62D.W.M. Haynes, Swnau Raeeauh Bute.iUn No. 65 (Zaria, Nigeria: 
Ahmadu Bello University, Institute for Agricultural Research, 1965). 
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3. The management problem can be reduced by providing implements which
 

reduce peak labor requirements to a common level.
 

4. A simple weeder is needed to supplement the existing plow. Although
 
weeding is not the most labor-consuming task, first weeding of cash crops 
co

incides with cultivation and planting of late crops, creating a labor short

age which can be a major constraint.
 

5. Simple implements are needed for harvesting, since it demands more
 

labor than weeding. In areas where soils dry out rapidly after rains cease,
 
farmers have difficulty digging groundnuts. A groundnut lifter is a third
 
improved tool needed by the (Nigerian) animal-powered farmer. 

6. Multi-purpose implements are intended for new mixed-farmers who lack
 
plows with attachments for tie-ridging, dry ridge-splitting, weeding and lift
ing. The farmer can expand his operations with little additional investment.
 

d) Supporting Services Once the subsistence farmer begins to pro
duce for market and to purchase inputs to increase his productivity, he becomes
 
less self-sufficient and more dependent upon the help and supplies of outside
 
sources. In changing to animal-power, or in improving present ability to
 
utilize it, the farmer needs to know what he can do for himself and what is
 

best done by others. Winter suggests new services, supplies and assistance
 
63
 

are needed to complement improved animal-power capability.


1. Farmers need a source for better harnesses and yokes, and advice
 

on correct fitting and hitching.
 

2. They need access to harness repair shops and local craftsmen who
 

utilize the best available materials.
 

3. A government veterinary service is necessary for the prevention of
 

disease and for vaccinations, including dipping facilities.
 

4. A source of salves and medicine for disease and parasite control
 
must be available, sold by people who know how to prescribe and administer
 

them.
 

5. A blacksmith with new skills is needed in the local village to main
tain and sharpen equipment and to produce replacement parts.
 

6. The extension service must provide training schools or short courses
 

for local businessmen on modern agricultural practices and needs.
 

7. The small farmer must have local support sources since he cannot
 

afford to depend on a supplier in some distant city.
 

For all present hand- and animal-powered farmers in Equatorial Africa,
 
much can be done to improve farming ability by increasing their knowledge of
 

the basic sciences of agriculture. This can be done by helping them to de

velop new skills, by providing essential government services beyond the limits
 

63
Winter, op. cit., pp. 96-102.
 

1-45
 



of their own resources, by creating favorable markets and incentives and by
 
considering their needs and wants. 
 In summary, Fischer suggests a policy of
 
mechanization in Ethiopia that could apply to all of Equatorial Africa. 

• . . Guided mechanization, including the introduction of 
improved hand tools and anixal-drawn equipment, represents
 
a feasible opportunity to achieve significant results. One
 
problem is that of capital. It requires a monetary input

few Ethiopian farmers have available. Ways must be found
 
to finance the purchase of machines. Likewise, facilities
 
and manpower for maintaining equipment are inadequate. Ser
vice of the type taken for granted in a developed country

is unavailable . . . Ethiopian farmers have had almost no

experience with mechanized equipment. Cooperative machinery

pools or maintenance stations may help solve many of the
 
problems.
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Engine-powered Systems
 

There is much evidence to show that jobs such as seedbed preparation,
 
general cultivation, plant protection, harvesting, threshing, water-pmnping
 
dud land reclamation can be done more efficiently and with greater produc
tivity by using tractors and engine-powered machinery rather than traditional
 
hand-operated or animal-drawn implements. 
The question is not whether engine
powered machines are to be introduced into the agriculture of Equatorial
 
Africa, but rather the nature, degree and pace at which they can be intro
duced to maintain economic efficiency in the farming system without causing
 
serious social disruption.
 

Gradual and selective mechanization fitted to the needs and resources
 
of each country will permit the necessary time-lag for sufficient progress
 
to be made in development of small local industries. Surplus farm labor then
 
can be absorbed into new and more attractive employment. When mechanization
 
is chosen to complement, it also creates new labor opportunities in agriculture
 
by bringing new land into production and by increasing overall crop production
 

and yields.
 

1) Obstacles to Mechanization
 

Among the many problems in introducing tractors and other engine-powered
 
machinery into Equatorial Africa, one of the most troublesome Is the small
sized holdings of individual farmers. 
This problem is aggravated by extreme
 
fragmentation of holdings into odd-shaped, individual plots where it is dif
ficult to operate larger engine-powered equipment efficiently and economically.
 
Frequently, there is 
no access to individual plots and many areas are not
 
properly cleared or drained.
 

6 4 J.L. Fischer, Etkiopia: Ut. AgAiaUvAe, P.ana and Majot 146u 
(mimeographed) (Addis Ababa: USAID/Ethiopia, May, 1967), p. 61.
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Another obstacle to mechanization is the high initial cost of machinery
 

beyond the means of all but a few farmers. This is directly related to the
 
lack of credit facilities in rural areas. Inadequate service and repair
 
facilities in local communities, limited centers for the distribution of sup
plies, and intermittent seasonal working periods all contribute to higher
 
hourly costs of operation. Inadequate or non-existent facilities for the
 
maintenance and the manufacture of spare parts is another major problem.
 

There is also a scarcity of trained technicians and skilled operators to
 
service, overhaul and operate all types of engine-powered machinery.
 

The overall picture is one of continual struggle against rising costs.
 

Whatever form of mechanization is adopted, it is apparent that the power
farmer will have to be efficient if he is to survive. He will need to use
 
every possible means to raise his yields per unit area to cover increased
 

costs. The target, as Haynes emphasiLes,
 

must be mechanized farming -- an integrated system of machines
 
to increase productivity of the men and good farming to increase
 
the return from Northern Nigeria's resources and to conserve
 
these resources for the future.65
 

A broad view of various forms of engine-powered systems and the com

plementary tools ha3 been presented. How they can best be utilized to assist
 
the African as well as the expatriate farmer in advancing farming practices
 
and developing a viable agricultural economy is a problem facing all developing
 

countries.
 

2) Contract Hire Services
 

In establishing a contracting tractor-hire service, improper selection
 

and application of machinery must be avoided. 
There has been insufficient
 
experience with machines and machine systems under varying local conditions.
 

Time is needed to test and evaluate equipment. Adequate funds and personnel
 
are essential to 
carry out field trials and do adaptive research. The avail
ability of equipment has been limited, and often purchases are tied to the
 
source of finance. Furthermore, the lack of adequate and competent personnel
 
to supervise field operations is a serious handicap. Due respect for the
 
care of tractors and machinery will come only with thorough control provided
 

by adequate supervision.
 

Long-range economic development of mechanized agriculture demands a sys
tematic approach to selection, application, use and maintenance of tractors
 
and mnehinery. Integrated machine cultivation practice trials in the field
 
should be an integral part of all accelerated programs to increase crop
 

production.
 

6 5 D.W.H. Haynes, Papea on Ag1Liutu~aL Eng neeing in No&Me.n N.gea a 
(Zaria, Nigeria: Ahmadu Bello University, Institute for Agricultural Research,
 
1964), Sec. III, p. 14.
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In evaluating tractor-hire services Downing points out, "the density of 
"66  
blocks is more important than the size of the fields. In areas farmed by
 

small farmers, he recommends a density of at least 60 hectares in a 1.6
 

kilometer radius with a minimum field size of 1.6 hectares. Smaller plots
 

can be cultivated economically by mediu-size tractors provided, the plots
 

are dense and regular in shape. For extensive cultivation as found in the
 

Masai Wheat Scheme, a minimum field size of 80 hectares, or a total of 200
 

hectares within a 3.2 kilometer radius is suggested. The fields must have
 

reasonable access to avoid high operation costs and unprofitable delays.
 

To achieve any degree of efficiency in contract work, all field operations
 

must be planned in advance for maximum utilization of the existing capacity of
 

equipment and men. Fields must be laid out to reduce idle time in turning
 

on the ends, in maneuvering around obstructions and in wasting time trying
 

to define field boundaries. The block fields must be in regular rectangular
 

strips for greatest efficiency. The farmer or manager must be on the site
 

during the performance of the work to give necessary assistance, to approve
 

the quality of work and to certify the time taken on which all hourly charges
 

are based.
 

Adequate clearing for mechanized operations is seldom done unless the
 

contractor insists. Trees, bushes, stones and excessive trash should be satis
1
factorily removed. Any cOstruction which remains must be c -.- y marked and
 

pointed out by the farmer. Land improperly cleared should be bypassed.
 

a) Organization for Contract Service The same factors which make
 

the operation of a government hire service necessary also make its long-term
 

economic operation very unlikely. Government service cannot be based on
 

purely economic factors but must weigh the subsidiary benefits against the
 

direct financial cost and any reasonable loss which may occur. The biggest
 

problems are generally personnel, organization and management. Downing states:
 

Experience has shown that the primary pitfall stems from
 
the tendency to extend such a service beyond the capacity to
 
organize and manage. [They have found in Kenya that] 50 units
 
is within their capacity to provide reasonable management under
 
difficult logistic and communication systems which exist in 
developing countries. Should a larger service be required . 
it would have to be on a regional basis consisting of smaller
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autonomous units.


Additional units should be created to absorb excess demand generated by
 

a well-run original organization and not simply based on arbitrary estimate.
 

A government should start with reasonable sized pilot projects. When these
 

6 .. Downing, T~aetok Hi'Le Seu.ice Repo~.e and Evatuation - Fiunnciat 
YeOA 1966-67, (mimeographed) (Nairobi: Ministry of Agriculture, 1968), p. 4. 
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Ibid., 
p. 3.
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have been successfully implemented, new projects can be started in adjacent
 
areas where sufficient demand has been built up and the farmers' confidence
 
has been gained. Experienced personnel can be taken from the original project
 
to form a cadre for the new unit. This also would provide opportunity for
 
advancing qualified personnel to more responsible positions.
 

b) Incentives for Contract Hire Employees One of the greatest
 
obstacles to increased productivity is the absence of mobility and incentive
 

within the government wage structure. In Kenya, there are only two classifi
cations of field staff, tractor driver and contract supervisor.68 With the 
tractor-driver's position an,1
wages fixed, and with such a large gap between
 
them and their supervisors', there is no way to provide incentives to drivers
 
who do a better job. Emphasis today is placed on obtaining a road license
 
and not upon the ability to operate a tractor and its implements in the field.
 
The same problem exists in government hire services in Ghana, Nigeria and
 
Tanzania. In place of the present single grade of tractor-driver, Downing
 
proposes a five-step employee classification to provide for merit advancement
 

and increased efi icncy.
 

1. Farm machinery operator trainee: salary $252 per year;
 
2. Farm machinery operator: salary from $456 to $700 per year;
 

3. Senior farm machinery operator: salary $661 to $896 per year;
 
4. Farm machinery technician: salary $840 to $1,232 per year;
 

5. Farm machinery manager: salary from $1,960 to $2,970 per year.
 

Other forms of incentive pay also may be used to increase operator ef
ficiency and machinery care. Starnes, in Ghana, suggested a flat base pay of
 
$0.65 per day for tractor operators and a bonus of $0.25 for each hectare
 

cultivated. 
Each operator would submit his work record through the ciupervisor 
and collect the bonus on every hectare of work each month. The accumulated 
bonus would be divided equally among operators and mechanics, and adjustmets 
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would be made for time off and lack of attendance.
 

3) Servicing and Repairing Machinery
 

Implements and machines differ from the majority of farm supplies in
 
that their sales imply and require a continuing commitment on the part of
 
the seller to provide spare parts and service for many years after the ori
ginal purchase. Although the situation differs widely from place to place,
 

the high cost and difficulty of servicing and repairing machinery are of
 

68Ibid., 
p. 4.
 
69Max Starnes, USAID Machinery Advisor, Accra, Ghana, Personal Communi

cation, November, 1968. 
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general concern throughout Equatorial Africa. Costs and short supplies affect
 

hand and animal tools as much as engine--powered equipment; frequently it is
 

more difficult to get repairs for a hand-decorticator than for a tractor. The
 

difficulty of obtaining adequate service is often cited as a limiting factor
 

in the expansion of mechanization at all levels.
 

Neither the government nor the main distributor can be expected to wholly
 

provide the broad network of service facilities which will be needed as mech

anization expands into small rural communities. Only a village farm-equipment
 

specialist can hope to provide the service needed in rural areas. Governments
 

must take responsibility to determine how village blacksmiths, artisans and
 

others can be trained, established and supplied to alleviate this serious
 

problem.
 

4) Standardization of Machinery
 

The decision to buy a single make of tractor is not necessarily valid be

cause the rapidity of model changes necessitates stocking large numbers of spare
 

parts and giving specialized training to operators and mechanics. Furthermore,
 

tractor standardization prevents desirable competition among agents and may
 

reduce after-sales service and technical assistance. While standardization
 

can be controlled by legislation banning imports or imposing restrictive tar

iffs on unapproved brands, this type of control can slow development. Adequate
 

control can probably be achieved by voluntary testing and approval, and by
 

restricting the granting of loans to specified types or makes of machinery
 

supported by proven and demonstrated service and training programs.
 

The establishment of an implement factory should not necessarily mean
 

the imposition of protective tariffs. Experience in Asia and other areas
 

shows that such industry often produces machinery which is even more expensive
 

than imported models. Overly protected locally-made equipment is often in
ferior in quality and needs healthy competition to force improvements and to
 

reduce costs; otherwise mechanization is retarded.
 

Some countries have standardized on one make of wheel-tractor and have
 

experienced great difficulty in obtaining spare parts and in keeping the units
 

in good repair. Rational selection is the best form of standardization and
 

includes these considerations:
 

1. The restriction of purchases to two or three competing makes, so that
 

sufficient volume of sales will enable responsible agents to supply efficient
 

and complete service for their machinery;
 

2. All implement linkage specifications standardized, including charac

teristics of hydraulic lifts, so that implements can be used with different
 

models and makes of power units;
 

3. Within any given region or project underwritten by a government, the
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same model of tractor be used, insofar as possible, to facilitate repair,
 

stockage of parts and training of operators. 01 r tractors can be reassigned
 

to concentrate them for more efficient utilization and management.
 

5) Testing and Evaluation of Machinery
 

There is urgent need for adaptive research to select, modify, redesign,
 

field test and issue unbiased reports on the suitability and performance of
 

agricultural machinery. Planning staffs in ministries, teaching and advisory
 

groups and extension agents all require advice on the technical and economic
 

suitability of new, improved and competing types of equipment. Facilities con

nected with the universities are probably the most suitable sites for testing
 

and comparing implements. However, no university should be expected to involve
 

itself in adjudicating the merits of different commercial equipment.
 

For effective testing and consistent standards supported by adequate staff
 

and funds, such research centers should be limited to larger countries and
 

should perform work for regions of similar ecological and cropping programs.
 

There is no need to duplicate large tractor performance tests made by the
 

University of Nebraska, the National Institute of Agricultural Engineering'or
 

similar bodies. The true costs of using tractors and machinery should be deter

mined for specific systems and reliable recommendations made available to far

mers through informed extension agents.
 

The working party of agricultural engineers in Nigeria suggested that
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agricultural engineers in developing countries should undertake:


1. The adaption of machines to specific conditions;
 

2. Comparisons of mechanical methods;
 

3. Development of methods of soil amelioration and conservation;
 

4. Investigations to determine cost and efficiency;
 

5. Specific recommendations for selective mechanization of local projects 

and activities. 

An Economic Analysis 

Analytical Approach to Farm Systems 

The cases which have been described form the basis for analyzing what 

changes are likely to occur as new forms of mechanization are introduced into
 

established systems, and to discern factors which favor or limit this process.
 

Mechanization may be used as an analytical concept by categorizing forms of
 

mechanical assistance into hand-, animal-, and engine-powered farming. These
 

three categories, when transferred into the dynamic process of economic develop

ment broaden into six manifestations:
 

7 0 Haynes, PapeA6 on A ZcauLLa Engineuting in No&ten NigeAia, p. 10. 
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1. Three processes of improvement: in hand-powered implements, in
 

animal-powered, and in engine-powered implements; and
 

2. Three processes of transition: from hand-powered to animal-powered
 

technology, from animal-powered to engine-powered technology, and from hand
powered directly to engine-powered technology. (A reversal of the process
 

is also possible.)
 

An important principle in the analysis of agricultural mechanization is
 

that of appropriateness. The case for reverting from tractor power to oxen
 
illustrates this principle. Following a careful analysis, the Tanzanian
 

government has concluded that engine-powered technology was inappropriate to
 

the current level of development in most of the economy. Thus, it should not
 
be assumed that there is a natural sequence from hand power through animal
 

power to engine power. There are situations where conditions are appropriate
 
to eliminate the animal power stage by moving directly from hand- to engine

powered technology. In other situations no shift is appropriate. Thus, forms
 

of power cannot be arbitrarily related to levels of economic development.
 
Rather, the developing economy should attempt to realize optimal returns from
 

total available resources, employing levels of power appropriate to the eco

nomic situation.
 

General Economic Considerations in the Introduction of Mechanized
 
Agricultural Technology
 

The following considerations are relevant to an analysis of both animal
 
and engine-powered systems to determine the level of mechanization most appro

priate to an economic situation and its likely impact on the local and national
 

economy:
 

1. The level of mechanization already achieved in the system;
 
2. The level of management skill necessary to maintain the established
 

level of mechanization, and in order to achieve a possible new level;
 

3. The function of innovation and entrepreneurship;
 

4. The economies of scale currently being experienced and potential
 

economies;
 

5. Infrastructure to develop a commercial economy;
 

6. Export potential to domestic and world markets;
 

7. Impact of the operation on the local economy;
 

8. Scope for new forms of mechanization.
 

In all the systems under observation it is essential to consider market
 
outlets for surplus production. Mechanization has as its major objective the
 

improvement of agricultural productivity, and farmers become involved in pro

duction of surpluses which must meet the additional costs of mechanization.
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Thus, the surplus must be saleable. Where effective demand is inadequate, 
programs to introduce a new form of mechanized technology should not be
 

implemented.
 

Hand-powered Agriculture
 

An analysis of hand-powered farming systems with a view to introducing
 
a mechanized agricultural technology must give careful attention in the
 
extant systems to the level and scope for mechanization, innovation and entre
preneurial activities, and infrastructure. However, in addition to considering
 
the potentials of mechanization within the established system, it is important
 
toconsider the potential for introducing an outside commercial enterprise to
 
act as an economic catalyst. A large commercial enterprise can facilitate the
 
establishment of market infrastructure, especially if its introduction is con
ceived as part of a larger plan developed in cooperation with national economic
 

plnnu.rs.
 

Animal-powered Agriculture
 

Economic considerations relevant to animal-powered agriculture are simi
lar to those for engine-powered agriculture with the exception of the level of
 
employment which is no longer meaningful because animal power operates in the
 
framework of small family farms. 
 Other factors that must be considered are:
 
low-cost structure of animal-powered operations, and low cost to the national
 
economy of introducing animal-powered technology involving little or no 
for

eign exchange.
 

Settlements
 

Settlement schemes involve the additional social dimension of establishing
 
people in new locations. The above considerations remain relevant and in ad
dition it is important to consider the general economic framework into which
 
the settlement must be integrated In order to market its produce, and the
 
microeconomy of the settlement scheme itself.
 

Important economic considerations, for example, in the Tanzanian Block
 
Mechanization Scheme are: appropriateness of the type of mechanization;
 

management; economies of scale; the facilities for planning and training; 
the
 
shift in cost structure; and substitution versus supplementation of hand labor.
 

Tractor-hire Services
 

Important factors of any tractor-hire service are: effectiveness of
 
management; operational skills of drivers, operators and mechanics; and the
 
importance of incorporation into an integrated program of mechanization.
 

Associated Social Considerations
 

In all these stages of analysis ther3 are also associated social problems
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relevant to the problem of agricultural mechanization. In the case of large
scale farming, the major social problem emerges out of the necessity to accom
modate large numbers of migrant workers in temporary communities. The social
 

problems of settlements are numerous and involve changes in the way of life
 
of a group of people. 
Social problems created by the employment of tractors
 
relate to a shift from uneducated skills to educated skills. 
 The associated
 

social problems emerging from hand-labor economies are 
related to the relative
 
isolation of village communities; the suspicion shown toward farmers who tend
 
to prosper excessively; the ties which people feel to 
a particular area of
 
land; the lack of interest or traditional prejudices which many people show
 
toward animal use and animal husbandry.
 

There is also an overriding social problem to be reckoned with throughout
 
Africa: 
 the conflict in loyalties between a man and his parent community on
 
the one hand and the impersonal, rational demands of the market economy on the
 
other. Until an aspect of social security has been built into the modern Af
rican economies, planners of economic development must recognize the fact that
 
the final loyalties of most individuals involved have terms of reference which
 
lie outside the ramifications of the program itself.
 

Introduction of Improved Technology and Power
 

into Present Farming Systems
 

Engineering and Technical Appraisal
 

The factors which favor each level of mechanization and the gradual 
tran
sition from one level to another are presented in Chapter V. No.pure system
 
of animal- or engine-power exists without hand-power. 
Frequently all three
 
levels exist on the same farm; and they exist stie by side in all countries in
 

Equatorial Africa.
 

At this stage of development, wore systematic and earnest attention needs
 
to be focused on the needs of the emerging commercially-oriented hand- and
 
animal-powered farmer, 
liecan be assisted by the wise application of selected
 
units of improved hand-, animal-, and engine-powered systems, to 
overcome tradi
tional constraints and to eliminate bottlenecks as 
they develop in his intenai
fication program. The tractor-hire service, either government or 
privately
 
operated, can perform a very useful and beneficial sprvice for developing far

mers,
 

There are many ways of organizing resources for rational and selective
 
introduction of improved agricultural power systems. 
 Several methods of
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introducing new technology to improve present systems of farming in Equatorial
 

Africa are illustrated by case studies of successful projects implemented in
 

western and eastern Africa. All of these projects are currently active and
 

viable; and provide guidelines for further accelerated development of agricul

ture through selective mechanization.
 

Agricultural Intensification in Senegal
 

The biggest problem seems to be that governments are not fully committed
 

to agricultural development, nor wholly convinced of its necessity. Before
 

agriculture can undergo marked change it must be given top priority in the
 

allocation of the countries' resources. In western Africa, Senegal shows what
 

can be done with an intensification program aimed at converting the traditional
 

hand-powered subsistence farmer into a market-oriented animal-powered farmer.
 

This case also emphasizes the tremendous effort that must be made steadily and
 

the magnitude of the needed resources. It is not easy nor inexpensive, but it
 

pays high dividends if the right decisions are made.
 

The Motoragri Operation in Ivory Coast
 

The example offered by Motoragri of introducing rational engine-powered
 

assistance to the entire agricultural and rural sector of a country shows how
 

technical assistance can greatly accelerate a country's agricultural develop

ment on a businesslike basis. Three points are crucial to the successful organ

ization and operation of such a venture:
 

1. If qualified staffs are not available, a competent team of foreign
 

professional and technical people must be brought in to manage and be respon

sible for the operation with full authority and accountability for the project.
 

2. An intensive, objective, practical and continuing training program
 

must be instituted from the start with full responsibility given to the organ

ization to select and hire local employees, to discharge unsatisfactory per

sonnel, and to assemble an effective skilled labor farce.
 

3. Carefully kept records and cost accounting must make it posjible to
 

determine operation costs and to predict needs and progress accurately.
 

Motoragri shows the results of planning, training, evaluation and accounting
 

that are continuous and objective.
 

The Narosurra Farm Mechanization Training Scheme
 

Throughout all projects, the need for more thorough training is evident.
 

There is a great deficiency in training tractor operators for government hire
 

services, cooperatives, settlement schemes, group farms and other agricultural
 

projects. Little attention is being given to training farmers and private
 

contractors to be qualified operators. Need for this training exists at both
 

the animal- and engine-powered levels.
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An excllent eZ46P 01 fmieafitd, 112 .I0*3 tJAlPd~ 4meituq tb e4 re 
progressiv farmers anvr up d e u nhmisssln ladIr to WAgSe Oeer IV t@ 
Nerosura Yarm Mechmsatmn Training Scm In kys. 2e Scheme codento 
three 12-week courses per yheprovidig betruoti in the opesrtuon a main
teneac. of agricultural machines, plowing, sI welding and simple repair work, 
farm accounting; and buic animal and crop husbandry. Eaoh course takes 33 
students, m-ki.g a total of Just over 100 each year. It represents on excellent 
method that nods edoption and extension in developing nations. 

The trals66s, in addition to their studies, undert*VA contract plowing and 
tultIvatIns for farmers In the neighborhood The provision of this macthnZ;.
tion servIts, particularly In view of the areas marginal rainfall, greatly 
increaes prodctivity and converts a oemi-ende ic famine area into a granary 
fot Kenya Of greater Importance, however, is the impact that graduates hav* 
on forming In their own area. Most arosurra graduates become either part
time or full-time contractors. They are evttlng naw standards for work and 
efficiency. The Kenya goverment now requires, in fact, that all applicants 
for loans to purchae agricultural machinery and tractors be t&aduatae of this 
type of training progream. If all users and purchasers of small and large on
gina-powered system ware requird to take similar training, it would speed the 
successful introduction of Improved engine-povered systems In Equatorial Africa. 
7urthermore, it could greatly accelerate overall agricultural and national 
development. 

Economlc Appraisal 

Improved technology Implies Improved productivity and thus, in the proper 
eco mic framework Improved income for the producer Economic and technical 
factors operate In concert to increase agricultural income. The relative In
prtance of each must be Judged in the context of the developmental situation. 
Concomitant technical factors are related to the Improvement of crop yields 
through fertiliser, lmrold varieties, weed and pest control and improved 

tIllage practlc" 

Progres designed to Introduce changes in the level of mechanisatiom mt 
take Into account the exitiug cceoi frmework of the locality. The broed 
etruen of economic consideration mphasise the necessary areas of expeandi

ne roerm. likely 'to 'eine financial burden I 
heaa sponore, and my laod to a strong preference for concentrateid pro
grme of te package-dsal approach. An Integrated program of development in
plies Inteagration at the micro-levl of the localtyl the level of mchaea
satio. in qmpettel all Imputs mt be redly a4aelablal d the soil O 

topograpy of Ae area ave bee take. fully Into account. A pros el ae msat 
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be Integrated at the is"Fo-lew" wild the echiMa ecoMM wiistbate imt* 
structure to give Saktet *Uport to a mi level of ptaAtun, plle for' a 

ems became Integrated with the overall plans of deeal~pes gor the natLon.' 
At the ,gcro-level 6f the local ommnity a diffeemtiatibd sroch may 

appear most appropriate. Such a scem musa Introduce a nuldHt of different 
Mv"la of mae on recogfnizig that not all farmers is"'aso simulaneously, 

equal understanding and skills. Furthermore, a last comercial sntergprisae In 
a locality can be incorporated into's differentiated plan, so thatiArket flar
structure can be mote rapidly developed for the entire are Such a commercial 
operation can be an economic catalyst uherem-all farmers' abilities to Mech
anise are limited to improvements in hand tools and the Introduction of some 

oantmalowsred Implements. 

Pactors F•wrinand lwmitin.the Introduction of Imroved Tchnolog
 

and Mechb ssation into the Prent armin Syston
 

Mechanization schemes mint meet added costw. In hand labor economies a
 
major lLmitation to technological development is lack of monetisation As the
 
Aevel of mechanization becomes a-,re sophisticated, high managmnt capacities 
become increasingly Important, and an adequate Infrastructure aking modern 
i4pdte readily available becomes increasingly esmntial Where management skills 
are Inadequate, some compensation can be affected through an efficient extesion 
service and training facilities. local adaptive research must be highly and 
consistently relevant to local problems especially in hand labor economie. 
7he practice of multiple cropping in hand-powered farming keeps severe lii

tations on any form of mechanized technology Local prejudices, social pref
erencos eAd attitudes frequently are found to be inhibitive, and must be recog
nized as relvant variables to the development plan. 

Role of ftceigzation in Agricultural %voloment 

The role of mochanisation In agricultural development Is seen as the 
employment of additional capital In the production function either as a sub
stitute for a factor of production or, in a neutral sns, to Increase the 
total power employed In the production function without being a substitute for 
any factors. IM addition of power only increases productivity in combination 
with other Inputs, 'tius the role of mschaloatlaou mot be oemn to rltio to 
the rolee of other factors In the production function. In this context, 
mechoaisation ts entitled to a special place in the order of priorities fat 
developing sYetm of 04ricUlture; the order of priorities for .ec0aiO1Sieu 

Is frequently not first. Research and develomm facilitism .ISi~* 
priorities in the devef~poaut to national plane of 411 eioeicee t' discipllm 
Melevalt to grictulural deelosmet. lhus, in the hacomnsedetlisU s14 4u1d

linee to falloi Inquiry iqot 2-ch"Insattien ts propsed to ie ea5mtowm is 
qiooe contact with other areas of agricultural Inquiry. 



I I )AmTION 

The principal ob.'ictive of mechoainaeUon viewed in this Study, is to raise 
productivity In such a way that increased i.-ome will accrue to famng com
mnitis Agrictsltural mechanisation is only one of many inputs contributing 
to agricultural productivity. Many economic interrelationships are Involved 

In raising agricultural productivity and the economy must be maintained In 
dynamic .quilibriu if Increaing farm income is to be continuously realied. 
Research and development in aspecta of agricultural engineering and mchanisa
tion for Equatorial Africa must be established In the context of the systems 
which prevail mud must seek goral agricultural Inprovement A balance 
between the interrelated areas of research sust be maintained through coordina

tion of technical and economic research 
Recommendations are presented at two levels for the purposes of broad 

organisational planning to provide alternatives for coordinated research and 
development at the national level and to encourage regional cooperation at 

the International level A series of general guidelines is presented which 

relates to the planning of specific progrms in particular areas, these are 
intended to assist in the local adaptation of recooaandations made in general 

principle.
 

National agricultural research facilities are already established in all 
the African countries which have come within the compass of this Study. The 
recomsendations are not intended to deal with details of their specific opera
tiona. Rather, it in recognised as an important feature of national indnen
deuce that working out these details remains the province of national policy 

makers. lecause of differing Institutional structures and the necessity of 
firmly Oasablishin agricultural development In the context of ndige us far 

life. each nation's research organization must be unique In promoting re

search and developeent it is essential that existing facilities offer an 
adequate foundation on which to build an effective progra md from which 
applied research cm be effectively pursued It Is believed the the govern
mets U qustorial Africa desire to promote rural development as rapidly as 
available resourcee permit. Tis ,attitude supports the inttoL..tion of more 
sooliateatd form of farm power d can lead to the adoption of national 
"am Of agrlcultur l mcbaeuiatli. The laomandatious ad Guidelines 

era itemted 1o sho bow the experience gained from this Study can be utilised 

to favelop local, national and interational progrss. 

loaesedatoens -14 relate to the development of national policie , 
foblled by feemmdatiam 11 relating to #ntermtiona policy gd ae -

UMAeu ain; bsi. ase guiliasa hich Itilw~a*elec h aIous 



numerically mLw' d with the rsmedations. TheA guidelines dusl is Sweeter 

detail with the subject matter of each recomedation to Siver mor specific 

direction to policy development. 

Th Rwcmetsdations and Guidelies ephsise the caplex Interreletion

ships of economic, technical and i ciai factors Into which aguicultural mech

animation is ImiLted as a further complication. Ikcaue of these complex 

Interrelationships careful, long-tm and short-range planning is essential 

to economic development "The full development of a country requires a mul

tiplicity of institutions - political, economic and social", 7 1 the creation 

of new institutions suet be proposed circumspectly and created only when 

there Is a clear function to be performed which cannot be performed by any 

other Institution
 

In economic development "huan.resources development is the most critical 

need throughout the world".72 and is most effectively achieved through the 

building of Indigenous institutions. Until quite recently in the developmnt 

of may African countries the establishment of educational and research insti

tutinsa has been mainly an the basis of foreign concepts. Now these institu

tions jre slowly being assimilated into the vay of life of independent nations. 

This process is a natural one and with it inevitable modifications to the 

original concepts are taking place Fostering new institutions should be 

encouraged only on the basis of concepts engendered from within the socio

economic milieu of the notion, in contrast to being proposed and implemented 

by external agents, even though financial support may be mainly external.
 

Moreover, in making recommendations and guidelines designed to Improve 

agricultural development through mechanization, planners must become involved 

in long-tqrm processes Such planning necessitates long-term financial
 

assistance, and the presence of competent and experienced professional per

sonnel for protracted periods of service Short-term service contracts and 

short-toem financing are inadequate bases on which to build long-term planes 

of the nature envisaged in these recommendations 

I, 3ecoatsdtion to Strenathn National 

lesearch and DeloMERnt Proarms in 
Aaricultural Power end Land Use 

Appropriate research Into agricultural power and land use should be 

encouraged In already established national institutions. These may be 

72T~k Fordo on International Development Assietance nd International' 
Education, TOnWadsONWt tvetedpKet Aa4L*b , (ational Associatio f 
State TaiveetMiU..s end LsAd-wArt Colleges, JMUry, 1959), POidt 14' 

'3Iud., 1Polnt 2. 

P34Zia.points s end 7

http:world".72


"Lwrsitos, Or lomtitutes of agricultural "search, or aricultural machle
testing centers depending on the way agricultural research has evolved within 
tb. individual countries. Thu., atmthealag this aeta of work is met lik6ly 
to take the form of financial supportt and coordinated direction to Am opera
tional resatch unit alrvddy in en:stence within a functioning institution.
 

It Is Important 
to recognise, howver, that insufficient nmbers of 
qualified personnel are available who are capable of organlains, managing, 
training sand operating mechanized projects and performing skilled and highly 
technical tasks associated with the ue., care, and repair of machines and tools. 

In order to guide and implement the mochanigation of agriculture within a 
country, an overall national progran of research and development is needed to
 
define area of responsibility, 
 to develop broad concepts and to establish
 
basic policies which will insure a weU-planned and orderly treatment of all
 
critical needs. 

It Is recommended that an appropriate national committee or other group 
of specialists be charged with the responsibility of developing a long-term 
agricultural mechanization progrm in terms of, agricultural power and lend use
 
research and development The major responsibility of this body must be to
 
coordinate the program, funds to
channel the operational units, and insure
 
efficient operation of the progran
 

II Recomendatonfor a Pronra of
Selective Hecan ation of mal F -arm 

The majority of agricultural producers in Africa are small farmers, there
fore, 
 this sector of the economy deserves major attention in national policy
msking. Mechanisation is concerned with the productive processes of agricul
ture, but car. oust be taken not to overlook the Importance of effective denand 
Hene, the proxlity of a market or potential market is a vital consideration 
in draring up any progrm to introduce mechanied technology to small farmers 

In making this recommendation it impossibleis to state unequivocally 
the type f mechanization programs to be pursued Znviro antal and socio
economic conditions of the small farmer vary greatly throughout Rquatorlal 
Africa; only in the full context of r particular system can an appropriate 
forn of me.suaistion be determlned. Gradual evolution of fare power from 
h_- jovered throuSh snmal-powered to sagina-powered technology ts frequently 
esay" od a natural fm-power ladder of development. hoverer, it is only
possible to decide wo r this evolutionary process appropriate for the 
deelopment of a country by careful analysis of the total relevont onvi quent 

1oi ibhb, 1 i ~e4.The to* to-be Vle key development Is the V4pk0at 
town of meooanlaftom '"' the ilva situation 



Appropriate mechanisation should facilitate the optimua utiliUtion of 

economic resources Where there is widespread underemployment of labor, 

mechanisation should not be of the labor-savinl type The program should 

facilitate a general increase in effective local employment as well as the 

productivity of agricultural labor, and lead to increases in rural prosperity. 

III Rscoemendation to Establish Facilities for
 
the TnPovMt and Develow-Ant of
 

Small Tools and lnolaments
 

It is recommended that governmnts, through their appropriate ministries, 

coordinate and encourage endeavors to develop better tools and Implements. 

This recommendation includes encouragement for the development of special 

implements powered by animals or small engines, and special incentives to 

individuals or groups to develop nay ideas and improved tools for agriculture 

In tropical countries by making awards and/or granting patent-rights protection 

A national awards program could be sponsored in two sections cna for 

students, farmers and small shop operators, and another for professional 

engineers, designers end large shops or manufacturers Further encouragement 

in this area should take the following forms (1) good facilities for the 

Importation of necessary steels, (2) standards of quality es-ablishd and vecog

nised by brand marks, (3) financial assistance and technical advice in the 

establishment of small workshops, (4) easy availability of plans and spacifi 

cations for improved tools and implements, (It may be desirable to subject 

such equipment to a form of testing ), (5) some form of supervised credit 

facilities for farmers interested in improved implements but who nsed training 

IV Recommendation to Establish Farmers'
 
Anlmal-gater Training Facilities
 

Where animal power has been proved appropriate to the agricultural en

vironsnt, there remains a major deficiency in the availability of suitable 

facilities for effectively teaching farmers more advanced farming practices. 

Facilities should be provided, they need not be elaborate and may be conidered 

as appropriate adjuncts to established training institutes, but th y must be 

properly organised and very practical The approach to training must be com

patible with conditions that the farmer himself must face in Improving his 

land, input* of labor and power, and developing anagement skills. FPudamen

tals of better farming practices should be taught along with training in the 

use of animal power. 

In any Individual country, it is recomnad that initially one national 

center be established as a pilot project in a centrally located area o4 hlob 

agricultural potential Other centers can be established using personnel and 

techniques developed at the first canter as the success and %*J4i'l P'eyed. 
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V. 	 Istrjw ation to Deelo. Facilitle for 
Tel"Ms i the us& of lm Inmmts 

end Power UWtf 

The adoption of Improved farming practices including now forms of farm 
poner Sverally depends upon the availability of improved tools which require 
well-trained and careful operators Such training also plays an important 

role inreducing repair and maintenance costs. itis recomended, thirefore, 

that extension services be regarded as the most appropriate trining soditm 

for small farusrs, and that extension agents be provided with adequate train
in$Inagricultural mechanisation The training facilities can then be made
 

available to farmers with adequate backgrounds to benefit from the experience. 
Facilities for training both farmers and farm operators are generally 

inadequate. Moreover, very few training programs are designed with due recog

nition to the farmers' traditional background or level of literacy, their lack 
of disciplined organization, or their lack of training in mechanical arts. 

Often, extension workers are Inadequately familiar with the farmers' way of 

life and have, theselves, insufficient knowlidge about or proper training on 

improved mechanization tools and techniques
 

Again itshould be emphasised that training facilities inthese ar 

can be efficiently grafted onto the operational organistion of already estab
lished institutions The burden of expensive administration can be avoided 

wherever an appropriate institution already is functioning 

VI Racommendation to Supply Training Institutions- with
 
Meguate Funds and Eguinment for Instruction
 

inAaricultural Mechanization 

Colleges, agricultural schools and training centers require basic and 
usable samples of modern tools, impisments, equipment and tractors in order 

to give adequate instruction, field exercises and experints. It is recom

mended, therefore, that Joint cooperation between industrial and educational 
facilities be encouraged by the establishment of an appropriate joint-comittee 
to arrange for such equipment to be made available Thus, teaching institu

tions would be able to keep modern equipment on hand without investing capital 

in obsolscent equipment. 
The equipment could be made available on loan from manufacturers with 

suitable atrangements to underwrite repair and maintenance costs The coop
oration of prominent machinery companies should be forthcoming because of the 

opportunity to establish good relationships with teaching institutions and 
students who are potential leaders in the future agricuttural life of the 

Counter. 
Distributors, deaers end manufacturers should be willing to provide 

current instructional literature and instructors. Uhile it is important that 
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agricultural development in any one area should involve a strictly limited umm

ber of machinery makes, a croas-ection of brenda and models should be avail-

Sable ithin the training facilities 

Finally, It is recomendad that a reasonable portion of all firda grarted 

to agricultural training facilities be allocated each year for acquisition of
 

essential equipment and supplies, for expenses incurred in their operation, 

and the transportation of students to demonstration or experimental areas. 

VII Recommendation to Develop Adequate Support in
 
Repair and Maintenance Services
 

Parts end repair facilities for locally-made tools are generally avail

able, being made from scrap metal and local timber Parts and repair facil

ities for Imported or factory-ade metal tools are less available in urban
 

areas and unobtainable in rural areas 

In most developing countries o4 Equatorial Africa, trained, experienced 

and skilled craftsmen are rarely found in rural areas Village blacksmiths 

and rural artisans are relatively few, and have the barest facilities and the 

simplest tools
 

Well-equipped machine slops and workshops in Equatorial Africa are for the 

most part in urban centers, owned and staffed largely by skilled expatiiates
 

Very few educated Africans are interested or qualified to own and operate such 

businesses Governments are frequently the largest purchasers of agricAltural 

machinery, but they often by-pass any local dealer, or import machinery for 

which there is either no distributor or only a trading representative 

Therefore, it is recomended that all government purchases of fain ma

chinery be placed through an established importer with adequate facilities 

for services and stocks of spare parts If an importer is not already estab

lished, a new agent must agree to set up suitable repair and service facilities 

before a license is issued for the importation of machinery. 

It is also recommended that governments carefully consider the advantages 

of pernittinj agricultural machinery and parts to be imported free of duty.
 

Further, in view of confusion which can arise in repair and maintenance 

services due to the multiplicity of types and models of agricultural equip

ment, particularly in area using engine-powered agriculture, it is recbmaended 

that a policy be adopted to limit strictly the total number of makes and models 

of 4ricultural machines and power units that may be' iaported duti fir , A 

mo.MAnM Couteci of qualified technical spectalists should mai these dei isc on 

b44d preferably on a combination bf proven perfolancs records sna on the Jroii"qI t0 F 

villinneims of manufacturers and importeri to prvS aequtee iuplis and 
opera parts, 'repair and maintenance services. 
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VIII. 	 to Istabliph erviceicciannt1ionIgramcha to 
Ftclitate the Uge of Mefhtanige 

The national program of research and development in fez. power and land 

use can be gradually expanded as the agricultural technology of a country 

becomes more sophisticated. Operational branches of the main arm of the pro

gra may be desirable in several different parts of the country. In the con

text of a long-term machinery development plan, it is recommended that govern

mote gradually establish extension and service branches in areas of high 

agricultural potential These branches meat be staffed with properly trained 

extension workers and exist as functional units of the local extension service 

Each branch should provide contract machinery-hire services for farmers, 

plantations and government bodies, assist private farmers in buying and effi

ciently using 	appropriate improved hand tools, oxen or tractors The branches 
should offer facilities in all aspects of agricultural mechanization and pos

sibly conduct 	a limited amount of testing of machinery and implements. 

IX Recommndation to Encouraze Private Farm Mechanization 
and Private Ownership of Aaricultura Machinery 

Where private farmers are adequately trained or can obtain training, it 

Is recommended that governments make funds available to facilitate the purchase 

of Improved equipment Credit may be made available through a government agencv 

with Instructional and supervisory facilities so that farmers are guided in the 

use ofboth equipment and credit. 

Equipment formerly owned by government machinery-hire services usually 

can be satisfactorily repaired for sale at reduced rates to private farmers. 

In the hands of trained private farmers, equipment can be operated on farms 

and on contract work with economic efficiency
 

Capital is available in the more prosperous families in developing coun

tries. Landowners and professional ambers of familias often help other family 
members by providing employment or purchasing capital equipment for them They 

probably would be willing to support a meber of the fanily in private contract
ing business or in carrying out heavy work on a large family land-holding if 

this person wore properly trained. It is recommended, therefore, that well

e uipped schools, such an the Narosurra Farm Mechanization Training Scheme, be 

actively emcourag.d, and, govsrmnts consider the advantages of establiahing 

more schoas of hia type. In. such Institutions, potential private owners of 

squipment receiv a tborou h proctical training Such training, coupled with 
adequate loan fsci itla will ecru*age agricultural mec testion in the 

I1 1 1 1 , 4 W 

private sector In which the profit motive is a more significant factor in 

farming operations than in government controlled undertakings. 
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X4 Reomegm ation to Iacornorete Lsae-scalO Caorcial 
Naterorlsee as node Catalyste in 

Rural Devolonmat Plhnuin 

Large-scale commercial operations can stimulate the development of local
 

infrastructure which gradually orients smaller, less-echanised agricultural 

systrus in the area to a market economy A properly differentiated approach 

to rural development is needed to incorporate this catalytic function into 

development planning Several approaches to economic development at different 

levels of mechanization can be used appropriately and simultaneously In one 

ares There must be a positive effort to promote the development of indigenous 

agricultural systems near any large-scale operation, otherwise, the two systems 

may merely coexist, and have little impact on each other 

It is recoamended, therefore, that rural development planners make serious 

efforts to in, rporate the cooperation of coimercial organizations This should 

include collaboration with private enterpreneurs through the inception, imple

mentation, and operation of the plan 

XI Recomenw-atlon to Coordinate Regional Research 
and Daveloyment in Agriculturel Power end 
Land Use at the International Level
 

The Case
 

At a recent conference held in Abidjan,74 delegates emphasized "the need
 

for inter-disciplinary integration of research oriented to [the] project rather
 

than specialization [oriented to the) discipline " In a follow-up speech
 

on the conference activities 75 the need was stressed for:
 

The establishment of an international center for agricultural
 
equipment and mechanization [and a] study by a Ford Foundation team
 
of the desirability and feasibility of some kind of center was
 
recommended
 

Two additional excerpts from this speech are germane to coordinated re

gional research
 

It was suggested that the more fundamental or-basic oriented
 
research lent itself better to international organizations along
 
ecological lines, but that applied (adaptive) research fell more
 
clearly within the province of national research institutions
 

The more urgent need for work on soil surveys was felt to be
 
the establishment of regional soil maps giving more details of
 
soil flily characteristics and their potential uses to farmare.
 

74 Conimence on AqwutuL Reuw~uh Putovtie4 goIL Economic Vettoppat 
a Ad /ca, Abidjan, Ivory Coast, April 5-12, '1968 (Informal report to thoe 

Agency for International Development Debriefing Session, State Department, 
Washingtono V C , Mey 21, 1968).

7 5 hlbert A ThorbrOugh, President, Mnssey-Fergmon, Linited, V4s, 
(speech to the 97th Annual General heating of the Canadian NMufactuers' 
Association, -alifax, Nova ScotiaeJune-July, 1968), pp. 16-18. 
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Ther app~ -a Mt s case for eatibliskmg sin "im irdit programs 
of national research end davelonmt, intn wtch re incorporated prosarme tn 

7 6 
egriculturel mochmnieation, and for regional cooperation between nationo. 

Furthermore, the political climate in countries of eastern snd waster Africa 

appears favorable to regional cooperation, wlth, M establiosbdnt in December, 

19%7, of the Lest African Comunity and subequent applications for membership 

from Butundi, Ethiopia, Somalis and Zobial and several regional research 

center@ having been established in western Africa, in both Anglophone and 

Procophon countries. However, caution must be exercised in promoting coor

dinated regional research Political precedences and support are already 
established, but time is required to Implement the operational facilities. 

It is premature to propose another full-scale activity of regional cooperation, 

until currently existiug regionsl institutions are functioning effectively In 

their delimited areas of operation 

The recommendation to coordinate research and development in agricultural 

vchanisation on a regional basis is made in two staSes. The preliminary 

stage is the establishment of two MAUM goup under the auspices of eowieM 

06 poUC#g-Kak to investigate the operational details of acceptable progress, 

and the second stage is the implementation of the program worked out in the 

first stage. 

Working Groups 

It is recommended that $overment and private ferm equipment organisa
tione of interested "donor" countries and "recipient" African countries support 

the establieluent of two WoAJk4 g0up6 to investigate the feasibility and 

operation of the regional program. 

Bech AMMoShoup, one to serve eastern and the other to serve western 

Africa, should consist of a multidisciplinary te Including, at least, 

specialiet in mehonisation, agronomy, and agricultural economice, and pos

sibly other related fields. The MAU0 Shoup should perform under the aus

pices of k COnwK 01 pot&-'makie representing each participating country. 

The easter. end wetern W 4Ma gAoupI should meet together as necessary to 

provide adequate liaison, snd their function will be to draw up the edmini

stative and technical details of an acceptable progrm to coordinate regional 

research in igricultutal pwar and Lend twe. The 0 Mk SAW should deal 

Mainy with technloiste, secientists, and technical adminiotrotoft from 

I 
, what is needed to lay the basis for solieg the world's food 

ptoblm, as A ese It, is a network of good research imetiti$.tso in the 
deeloptag eaousegi, at mich Isteuetiom" toetttuttems ae a per.,, Is 
dditte, thet mast be strin Imetitutlea In e"c country, lotally amegod 

and I fileM 
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public and private sector of the economy Ito forulaef into a 'plan the Opoera 

tional details of coordinated research and development. The primery fwwet1W, 

of the COOUnog poUW-MAhL should be to inie that the progt 411 

politica1ly acceptable to the participating countries, and that propef iels 

of cotmication are established with the appropriate ministries. the domit 

may be attached to the Organisation for African Unity (OGA)as an apprdpriate 

parent body, but fundings should be indspendmet 

The Progrems 

The recommendation to develop coordinated regional program of research 

and development for agricultural power mid Ld use is envisioned In three 

phase#. The laplementation of theme phases will depend oan both the level of 

funding available, the anticipated level of support to regional operations, 

and the details of the prograns 	drawn up by the Wotk 94oup ,Each program 

will inevitably require the establishment of a teOgtot emdOOtdM LL 

@sio0al CooTdinatinA 	 Units 

Coordinated regional 	 research and development is enviqioned to be condulted 

national agricultural institutions with some workmainly by specialists in 
wtW during thepossibly being done by the staff of the agiout cookdiVM 

final phase of the program's development At each phase of a progran, it 

necessary to have an ad hoe. committee, a small secretariat agency, orwill be 

a research unit to act as Aegiowt coadinating unit. 

The function of these Aegowa cooadbti" UWt follows after the findinge 

of the woAUM g'wup have been completed and presented as an operational pro

gran These functions should include the coordination of work in the following 

area":1 
1. Designing, developing and adapting Improved hand tools and snmal 

Implements,
 
2 Selecting and testia potentially suitable power units and large-scals
 

machlnery g 
Conducting tillage reearch related to mechalsed agricultural3. 

4, 	 Selection and/or design of drying and processing equipment; 

surveys relevant to sgricultural meehali5. Promoting soil and land use 


astion,
 
6. Reooding for developmnt soils with the promise of eatea1t
 

economic ad social benefits.
 

CemOOaPhaset I: ecIalist, Cmitteem as-ILO& Crdtii Unts 

It I$ reciendad that the first- phae of a regional prostIMI the ' o 
wO'a year to esn.a emahlealtion of a specialiat 	cmmittee meeting o96 or 
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Information. Thus, the AsSUML aocAW witUa be simply a C£ Ittbe,r 

requiring minimat odis., , 
This pbase ha be"? already estobl sad In EAM. Additional funds can 

considerably, strenthn the offetivenab of the specialist conmtte. In 

effect, the rec-m1dtion is one of oszpading the specialist comittee con

cept for eastern Africa Bad of developing a similar coeites for western 

Africa, provided this is consistent with the mechanlsatlon progrms In the 

process of being developed. 77 it is recomended that the co-sponsrs of the 

prosram be comitted, in the first Instance, to assist In providli4 salary 

and operating funds for a period of five years for A part-time excutive 

secretary for each specialist's com tted. Sas of the duties of the execu

tive secretary would be to plan and organise the specialist's meetings, arrange 

for recording and disoeminsting proceedings of each meting, and coordinate 

the txchnp of information between the east,-n end vestern unw. 

In this way, all research and development work would be undertaken by 

national research institutions. while the hAq Loa coo4&nt wit ( ,. 

the specialist commttees) guide the work and prevent duplication or wasted 

effort. The AgiocLt coooadouLUM unS would need operating bases which could 

be provided by the IXTA In Nigeria for western Africa. and EAflO in Kenya 

for eastern Africa Alternative locations for haadquarters also should bw 

in- etigated thoroughly by the wodtM gAoupa before any proposal to establish 

AeaOml cOJUdi0aJti wit6 is presented to the COuneU oj po.cJ-MaoJ 6 for 

/ action 

Phuse 1]. Secretariats as a Roxional Coordinatins Units 

The second phase reconended is the establislment of a specific govern
mental agency or secretariat to stimulate needed research through contractual 

arrangements with existing national organizations Again, It is rscomerded 

that the co-sponsors encourage the support of this form of J u cOOP4it

bg Uit In the first instance following on Phase I for a period of five years. 

In this phase, each Aitoma CooAdIOtL uit should be organized as a 

secretariat, with one or more full-tim members to coordinate and stimulate 

research activity an4 exchange of information It should have sufficient 

funds to contract for specific research projects on a watching basis with 

mmber contries. The national institutions should do the work, assisted 

financially by the A tg#4oad doot*W ugwLt Interested researchrs should 

be encouraged to sulmit proposals for specific projects to the Agwwt 

1q0*p6o 0 04 FoP Aie4OuaR4 Ou (mimeographd) (teport on a conference 
S at the aulty of Agriculture, Wvsitry of Ohana, tLgot, Jomush 7-8, 



cvoAdmW4 wtU for consideration snd rtvlw; approval should carry a 

guarantee of, funding either wholly or partially. 
This phase Is Intendad to establish an approach to regional research' 

coordination which still allows participating countries to develop their om 

researeb facilities. Phase IT Is loorthy of particular attentifa because of 

the great need to develop and exchange techniques of transferring knowledge 

to the small farmer. A vast accumulation of scientific knowl6doe In relation 

to anchanisation already exists; such Is being applied well in Equatorial 

Africa by large-scale farmers. Nuch lees is known about techniques to transfer 

appropriate hnowledge on improved mall-scale agriculturel technology to the 

shall'farmer Relevant cooru.-,ted regional researth may be extremly helpful; 

but a flexible approach must be maintained to avoid spending funds hesvil7 at 
the international level, when reseTch at the far level should have precedence 

at the current stage of development. 
The secretariat would need physical accomodation In a srenta Institution. 

This consideration will be included in the preliminary study undertaken by the 

W&Ukb QAOUP. 

Phase III: RailoWu RAearch and CoordinStina Unit 

The final phase in developing & complete regional progrm Is recommended 
as the stabliaiment of two Ae*gio.-a C0oh4nWM aWt to be staffed and 
finnced in such a way to pursue its own research and to contract with various 

national centers Zor additional work Its function will be both to conduct 

sad coordinate regional research 

leeping in mind the shortage of trained agricultural specialists In Africa, 
these AeUto ka auod d cooadirAt" wU need not benewly-created Insti

tutions but can be extensions of existig .rgsniation Each WO~UM O uop 
would be charged with selecting the appropriate body for affiliation. 

Reht0wA aeR ad eoohdt*W WUt supported by technical assistance 

rnts from the co-sponsors should hae funds at their disposal to contract 

with existing national research organizations on a matching basis as determined 

by the contracting parties. These funds should be used to initiate applied, 

adaptive, research on the mt critical and specific problems relating to 

agricultural power and land use. Regional coordination of such research 

should avoid costly duplication and should facilitate disemination of results 

among countries. At each phase of the program the recomended period of 

comitmnt for the co-sponsors has been for a period of five years. with pro

visiol for extessions by mutual agreomat of participatIng countries sad the 

co-spo"ors. It Is recognised that sbot term cmmitomte sare georslly s

desirable for promoting agricultural ywaserch; at the saw time, fOw political 

sdsultrattoem ere Willing or able to Sae long term commitmests of funds. 

JW4
 



IM peUd of faipv yeas to Sots hswiswr easlsvmely drt ad dm M4 j 
co-sposrs ad participates thu -ppt't7 to eee rsults M 1eC their 

financial exort. 

requnt roforte ha been Uade to the psucity of iiutruct~onal mWan

aim and materials for teachin Institutions 46d thoir ispproptetesI for 
Uo pad or illiterate farmers in Equatoria Africa A logical Strtie8 

place in the acceleation of agricultural productivity is to concentrate on 
asg Such pertinsnt infoation otr* readily available. Regional text books 

would be logical because cinom climate$, crops, and soils extend across the 

political boumdaries of most Equatorial African countries. 

It is recomended therefor* that policy-makers and grant-aiding authori

ties give strong support to suitable proposal@ to prepare books. teaching 

manuals and pamphlets for use in Equatorial Africa. Such proposals should 

aske provisions for a substantial contribution from African authors, for the 
fial materials to be prepared both in appropriate languages and for the 
inclusion of guides to prepare appropriate media for the teaching of relevant 

subjeet matter to illiterate farmers. lbs fundmental importance of under
standiag soil and its anagement has been emphazsied in this Study. Prepa

retina of data relevant to agricultural mechanization would begin with a 
c€.prsbemsive presentation of relevant soil knovledge in suitable fors for 

usa inboth teaching and research institutions of Equatorial Africa.
 



lhe folJew"g Obsowmtls Os the e"rpet ms of aS arleny ofUhiehba

setiom proems bavs been classified a guidelines. saey ms in doad to 
identify key comsiderations to be takm into accomet In devi ing future 

uschmaiktlon schems. 

1. imitations on the emall faore are vry covere. Ie an futrrs 

inpro meats to his Incm can be effectively demstrated, famr frequestly 

have neither the financial nme nor the technical guidance to adopt improvew 

nets. Mechani atioa programs involving the smll farmer must include pro-, 

visions for credit and extension assisteace, 

2. Iagim-powered uchanization should not be regarded as m ei In 

Itself. Individual farm operators will not be interested n trecotre if 

there is no demousration of Improved results. Tractor mechanization i not 

appropriate uiI at least cue of the following chaesc em be deomaetrateds 
(a) offers opportuaity to reduce cAt.; (b) offers opportunity for increasing 
returns; (c) offers opportwities'for reducing risks, (d) offers opportunities 

for ncreasing isncams by increasing the scale of operation, even at a dtuii

ishing marginal rate of increae 78 

3. So proposed mechanization scheme should be implemented before a 

thorough nvestigation has been mde Into: (a) the nature and suitability 

of the soil to permit successful mechanized tillage; (b) the productive capa

city of the area with respect to the various crops to be mechanized. (c) the 

level of skill and teehnical ability of t)e persounel who will operato the 

progr'u; 79 (d) the needs, interests, capabilities, sad attitudes of the local 

people; (e) he supply to the area of all necessary inputs, (f) the potential 

market to absorb ncreases in production; (g) the market nfrastructure. 

If sem or any of these areas of inquiry represent unknms, it io uch 

more sesible to conduct Initial investigetions in the form of plat schemes 

rather then to risk heavy looses through Implementing a schm an the,basi 

of inadequate knowledge. 

76,1. L. Joy. (ad.) SpWMs on UtchwUizoaot M U (Lpka De
partmest of Agriculture, 1960), p. 14. 

795o scheme should be plsmpmte d Utlme mdeislite rotimio"I M 
is mIdAbla.4 It Is unreaosale to emp1ct profetmi l to to eas

hqie~~srgaof proarm Involv"Ig espem a",se~ss~odaed
1 Ve= t eI m ad merg Nmmigere sed 'o be Ispoaimoi 

dicinm Shoir Project probilm with sbam professional sm., It adm 
be pe 0ib4mfi a mmagr to leasm hs ompretio fir p IjbsLa M
test hmde. A manager camet be --mpted to nentiow wll ii PprWsa
Ot o S 4moditaassisat oism's bo. ame m mS Vbe 
entble muemmig t perosl is iadequate, it is probably Imadvieable to 
lameh aeaw prora. 
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4. Ircto-hir sqonic hw beam spolmoeso gmaieUy by g8esm tsa. 
They e"t" a Wft-4 functiom n e-.ga-em e tachooloij into 
ar~ae It Ahieb further eA~M"M~ to impossible wite di al er 
lowevet, pt" b idiuidmLe eUasuilly ar able to r omtractiag ftuatlo 
more efftciettly tim,'goermmt departments operating on the basis of sob
sidis. Specific plane should phase out subsidies since efficient ad late*. 
sive mnamset with close accounting procedures are eaential to successful 
tractor erations. Chargs for work should be related to actual costs of 
operatim. Tractor-hire service& subsidised by the boverkast should avoid 
charges which swerly undercut private operations. 

S. Training opportunities have an important bearing on the ability of 
people involved in developmeant programs to appreciate the Intentions of its 
sponsors and understand the ature of the tecbnology Involved. The following 
are *aoprlate guldelines: (a) before the Implementation of a aschanization 
progra technology, adequate training facilities in the proposed orea should 
be provided. Instruction with oxen power and tractor power should be demon
strsatsd an specific crops and soil types of the area, (b) non-degree awarding 
agricultural Institutions currently train professional agriculturalists who 
tend to moe away from practical agriculture. There should be a genuine 
effort to Inculcate through the curriculun an appreciation for the place of 
the practical farmer and fare worker, (c) degree-awarding agricultural facul
ties of the unlv.,- ities train professionals who generally occupy positions 
superior to diplmas-bolding professionals. These professionals are Intended 
to dea with the problem of agriculture, the curricula at both levels should 
engender respect for the practical farmer, (d) careful distinction should be 
made between types of amplomnt for which the degrees and the diplomas train 
students. Both occupatiomu are important In the economy of the nation, it 
is Inappropriate to regard the diploma student as a second-class professional 

A. Programs of agricaltural sechanisation must fit the economic cntext 

Specific ioehamiaatio projects must be analyued to determine necessary eco
nonic changes for successful mchni ation with respect to the -following 
aspects of the economic contest: 

&. m ts,"ture. The averap miss of farms and the distribution 
of holdlags should be "vm lot for the proposed scheme, or the poesiblity 
of cho"Sga the xtpacMu k shpp 3L be m*lned.I 

W. IZaeen 4% tbe VbUm' of, farm production. So market syaem 
mist be c1b.4lr b*A ut"Ia Increases In CMe vol"uS of frofuc*.4 
TS maltasin mnse atl (1) the, soe ad transport lmfbrmttwroto 4 

odoees fs@ i t#s4 yak o,iba"se 0) domw forthe Avantsi 
to deeMM *MthM do emaAm of the ares praiser wMil fume, 



I 

local IMtuut ptee", regimal mae~t prig", satI66al mider pries, and
 
° 
vaat liiu prLis; (4) the iole of impte roeqli~d is dhe ee., 

' c o'e e trpremearial capacity of the localtamermie, !e ieoel 

of achievemet in the managm t functiet is an importent determiast in 
deciding what level of extesion service is neciseary, mA whether private 

enterpreneurial activities should be encouraged. It involves the consider

atios of: (1) education of participating farmers, (2) local systems of 

farming practical (3) comprehension of the money economy 

4 At the macro-level of the econemy, the scheme must not be con

sidered In isolation from other agriculturel schemes in the country ow in the 

larger geographical relies Analytical considerations should be given to the 

aggregate effect on both the product and factor markets (1) there will be 

an aggregate effect on the arket prices for both inputs and outputs, (2) the 

agregato effect on intetnational prices can be estimated, (3) the aggregate 

effect on intornational prices for imported inputs may lead to an Increase in 

demand for foreign exchange which sust be sot by the national economy, (4) 

labor substitution mechanization scheme must be recognized s displacing 

employed labor in an economy which may have difficulty in absorbing it else

6bore, (5) the non-farm sector of the economy con only be expanded slowly in 

developing countries, even if it expands to serve the agricultural sector, ' 

thus too rapid agricultural mechanization con lead to substantial unemployent 

or underemployment of the rural population 

7. There is need for machinery testing facilities, esppcialy compar

ative tests of implements designed for use in Equatorial Africa. in some 

cases agricultural machinery manufacturers might cooperate as they are well

equipped for testing. Nany have vested interests that make more Impartial 

institutions better suited to organize these tests but universities or colleges 

should not become involved in adjudicating the relative merits of different 

comercial machines. Testing i esapecially important when agricultural machin

ery is duty-free. Some form of impartially operated testing is necessary in 

order to Issue Import licenses achinery manufacturers. should be willing to 

support or conduct tests according to national specifications 

8 Vigorous attempts should be made to standarize equipment, in amy 

oakmicultuzel area This would encourage the establishment of eatislactory 

repair. pWtOePn sd training services.t 

I. Steathee Natioal Iseatch 

Independet watss taksnatuiml -pride In the achievement oft their dsn,' 

tsitot oNs abi the OaIstace of iletsblMhd~matioale 

0f the prodect is lnteMded tomasw ,ato tb istsanatIj4 a4W . Uq 

quality went comete with stabushed world supplies. 
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a stoslowl ressreh. U.me . us,4g pae'vxgato 14'"g; 4 (.400tutor 
natiOnal) prppM of research Mstn its magianal reassuob bee efstablisheto
substantial body of knmawed relage d to its an r4¢ltu. 1u, o ork 

through and ntenthn the national r"Im Anote utI a aa q port
 
8a in doeloptut a franvork for ,veso~l ,
opertion. Moover, as a e-
Itainaty Stge, hIddis a pos~tiv~sltp which can be taken while a nuber of 
altrnative approaches to developing a regional rsarch program are under to
vastlgation. 

IAlevant problas areas are: selection, application, use and ainteananeg 
of equipment; training of manages, supervisors and operators; detrmination 
of development priorities for both projects and loca4litle, determination Of 
priorities In research, transferrig knovled e and techniques to poorly ed.ca
ted or reticent farmers. There is enough accumulatad scientific expertise and 
knvledge to guide the agricultural developmet in Equatorial African countries 
Agricultural productivity can be Increased by making man a more efficient user 
and director of power Hlovevr, greater capacity of mechanized operations mans 
that mistakes are uaSuified and poor Judgmente becom costly Therefore, high
priority mst be given to the development of local research conducted by nation
al agricultural Institutions 

Il Slsctive Mechanixation ofSmall Farm 
Mechanized technology can be introduced into area of small farms having


high agricultural potential. Mechanization can 
facilitate the cultivation of
 
more land. the improveant in 
 yields through nore timely cultivations, double
 
and triple cropping, and the improvement of trausport facilities 
 Appropriate
 
mechanization is 
 favored by. (1) local denostrations of recomnded tech
ilques, Improved tools, and the use 
 of modem Inputs; (2) machinery hire ser

vices, operated by the government if no private entrepreneurs anr available, 
offering services at realistic prices for a limitad time period (to be with
drawn as private operators becom established); (3) the presence of adequately
equipped srvice workshops and spare-parts stores; (4) availability, for short
term contract work, of heavy crawler equipment for preparation of new land,
(5) training schools similar to Narosurra, Kenya, for small farmers and private 
cotgattorf to learn the skills of mchalzd farming, (6) appropriate credit 
faoilities; (7) introduction of high-valhue dsiUate mrket,it a 4U (8) 

imrke 

teLitic conditions for 


goo 1frostructeve., 
i shoa3ld established in order to

sel ewe "t, SAit e wa~ few soolrme6 evelopment. ,Ams oabld be) limi
mUd Itf Peh iagtlftf ,f U"d t*ea met Lacrossa, L agricultural p;0den
tim orvtll lead to a substantial increase ta local uamlapmat, increase 
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se following are vital comideratioss to daovleptg am tool.s od &s

pleamte sad improving those already is u se (1) adapt toolsfow sr sift

fatlgue by Improved balmstecleat prforsace ad opeoy work; (2) minlise 

to am or MIiaai (4) eand working poeltinl (3) reduce Ijury or moer 

veight low for easy trmuportl (5) construct ftim local roadily-avellab18 sfetr-

Ilan (6) choose the wet simple design appropriate to the jot. (7) design for 

specific tas&. and with only simple adjustmto; (8) require bs least main

cam fit together
tenancs and preparation for ua; (9) costruct so that ports 

only one vyl (10) secure firm fasteing betweem handle and blade; (11) elidl

%atewherevor possible, the need for vroacbee (eponasL) or specl tools for 

adjuetent; (12) sm simple tool clamps with so nuts or pisces to Inset (13) 

use elf-locking pie chained to frme for joiits prtsl; (14) deslr to eccon

sdate high work-loode caused by unusually dry or herd codittos (aunal tool

454 kg.); (15) give careful attention to
bare sbould be cipable of 	pulls up to 

isprov-iag drawbar hitches. 

etablisomt of Farmrs' Animal-power 
Training Faclities 

IV. 

use 	 of animal-powored equipment canfacilities for training faresrs In the 

at special centers or as subsections of agricultural Institutioms.
be esteblished 


should be simply organised and appropriate to the &ocal

Training institutions 


rural situation. The major coneiderations ore enumerated below.
 

(a) 	 about ten hectares of farm area. (b) sLm
1. 	 Appropriate ?aexlItlea 

(c) 	 suitable accommodations for tvo
ple improvements to tradititnal buildings, 


farets. (d) seimple compound and
with every ton to fifteen young 


sheds for animals and stores. (e) opeo-sided shed vith good shade from the sun
 
instructors 

for instruction and practical work;
 

beginning of the

2. 	 Trainees () courses to commece just before the 

season and Lost the full season. (b) farmers' sees and boys sponsored
cropping 


at leat 16 year* old. (c) traines

by local farmers selected a" trainees to be 

or onen. Loes for purchase avail
to bring vith them a pair 	of full-gram bulls 


as in Niger where animals are actually selected by

able In exceptional cases 


a thorough veterinary inspection and vac
the center. (d) animals to be given 


cimetior.;
 

(a) 	 instruction and supervisloona anmal use andL. 	 Training Progtmn 

be able to train amisals thoeelves by the completion of 
care. (b) trainees to 


logp to plows, carts

'uroe, (c) progressive traisit of manals from h&lin 


end to other implement*. (d) instruction 
in manufacture of yokes, (s) Lstruc-

Improve t. () istructto in animal-powered plwing and
ties in iplmost 


cultivation and croppia practices;
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4. Fracrcal PasM Trainin (a) haniag leanmed plawn duills. tafeees 
return C9 spesere' f w, te plwea ld bet rmalm ader opervisla of train-
Lea Iastructer, (b) menrag trainees to wadotta coatrect plaig. (c) 
carve to be fUsed for all work dome Mader supervision. (d) mny collectod 
for work eah-ed (equally. or e pre-.etablLbed point system based en writ) 
at the mad of ease to provide capitri for traines to cemeAce their o
 

work La the foll wagesmn;
 
5. Tralning Cetaueton (a) followla8 trairla with the plow. inatruct 

La ant fat8lag operation. (b) oleo Instruct La the a of modern multi-purpoee 
wimal toolbare sad other apprepriate Iplemante, (c) traLanes introduced to 
new crepe, iproved cultivation techniques use of peeticides. Seed dreaes.e.
 
fertillsers: peture 
 control, animl feeding. &nd other techeiques epproprito 
to the locality, (d) Instruction in $iople loplement enitesnsce end farm car
poetry, (e) trainees &eturnto oe or eponsors fare for practice at each stage 
of the croppieg season; 

6. Fineacial Arrngemente (a) soe form of financial assistace my be 
scassery for trainees to purchase their ow tools. implements and other in
pute, (b) trainlng center may provige these inputs on 
 a loan basis. using
 
trLaee income from contract work to defray expenese. (c) provision of free
 
board and lodging 
with emll amount of pocket money. d) no return from
 
trsines iaco may be expected after his return to farm work, (e) training
 
canter to grow moet of required food. (f) Instructor* to have adequate tzians
port end espenses cowered for post-training visits to trainees when working on
 
farms in the locality;
 

7. Follow-up Progran: A strong follow-up progrem of all trainees ise ia
portant. A year or so after their training period It should be possible for 
the students to return to the training cnter for refresher cosrees, additional 
trailing, snd an opportunity to clear up any problems encountered in the field. 
Successive refrebAr courses can help to mIntal* enthusiam for the techniques 

which have been learned. 
V. 	 gatabl~ihemt of Gen4ral 

Traian Vacili.U 

The availability of capable Instructors Sympathetic to fersmer' problems 
is vital to developig a mechanIad egricultural technology. Is the castee
porem situation. few famer* weuld be able to enter agricultural training 

LAtettoo; met tecbin wImld be udarta an in the field by 65tnSIOM 
workers vo East be adequataly schooled In the relevmt practical skills of 

adricalture. 

I. order to otresthem trainlg facLites in agriculture, the follenwi 

are gudelles for pelicy-mdebres 

1. IPreGet eateMiM workers ebeuld ben alo opertwities, throug 
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reular refresber courses, for practical traini on the ealectim, applina

tien, use and maintenmce of iaprved implemets and faer pmer units. Foreign

based local farm machinery agencies can provide information and training facili

ties; 

2. Agricultural extension services should be expended by choosing person

nel well qualified in agricultural mech ition, and services should be con

centrated in are" of greatest agricultural potential; 

3. Time allotted to practical training and selection of improved ample

mats and machinery should be expanded; 

4. Curricular content of all training institutions should be carefully 

reviwed regularly to eliminate unnecessary or irrelevant theoretical courses, 

and to keep skills related to practical problems of farmers; 

S. Training for farm-equipment advisor* end technicians should emphaise 

the interrelationahip between improved equipment nd improved cultivation prac

tices;
 

6. Training schools for agricultural mechanization should be considered 

as appropriate adjuncts to agricultural colleges and/or research institutions; 

7. More manuals and instructional literature for the training of exten

sion agents vritten in appropriate languages are needed, and apecial techniques 
8 1 

for instructing illiterate farmers; 

B. A comprehensive training program on the use, operation and maintenance 

of farm machinery can be a required part of any agreement for purchasing farm 

machinery under loan or on credit. The cost of this training should be in

cluded in the terns of the loan, end training should be completed satisfactorily
 

before the equipment is Jelivered. Farm machinery dealers should be encouraged. 

or even required to offer training courses; 

9. Loan applicants should be tested for mechanical aptitudes and respon

sible attitudes. Any training given to loan applicants should (a) be spa

cifictally related to the equipment being purchased and demonstrations take 

place in the location of intended use, (b) include after-training through visi

tation of the user on his farm by extension agents or the agents of the equip

sent dealers, (c) insure that extension agents are familiar vith the content 

of any courses taken by farmers in their own location; 

10. Where foreign specialists or advisors are employed, the host country 

82 is possible to use agricultural literature, machinery manuals and 

other literature in local schools where the children of many illiterate ow 
semi-literate farmers are students. Students my then help their parents to 
understnd what is written in their own language. However, & sociological 
problem involved in this observation: few parents take kindly to recsivita 
instruction from their children. Social psychologists can &&wist in ths kad 
of approach to technical education. 
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oboe.l supply at lat two matimals taE be trodstd simarly to tak. mwvr
 
major respoamibiUty for the progm at the orUst possible dto.
 

VI.f b g km t,oto TEASIAS~ IMtLVttsN 

Obtaining 1oom 0nd lifts of eqiust amd funds for treimig tastitw
time from major comp las of a cmtry requires considerable diplomacy be
tweso the appropriate govermemt agecie , college administrations and the 
copanies. C:-rly. a considerable fond of good-will can be established in 
this way between the training Loistitutoa end the cmpoe, and between 
poteatial custmer* (current atudents) and the companies.
 

The follotmg guidelines are prosented:
 

1. Principal manufacturers and dealer* can be requested to give special
 

discoumt privileges to training facilities;
 
2. Training facilities then should be willing to moat the coats of re

palrl
 

3. Local dealer. can provide instruction and demonstration in correct
 

use of equipomt;
 

4. Literature of all types. in appropriate languages and media should
 

be available from equipment dealers;
 
5. Iquipment an low should never be used for commrcial purposes; 

6. everal brands of equipment should be demotrated in the training
 
Institution. although governents should lialt the cumber 
of types in prsctical 

operation in my one location; 

7. Comaignmosts of quipmant md replacemet parts should be renewable 
on an annual basis by mutual agrooment between dealer. end teaching inatitu
9tions; 

8. Kajor machinery importer@ should be enlisted to support adequate train

ing programs in addition to dealers; 

9. Machi ery companies who benefit from having trained personnel from 
tabse inatitutions in their employment should provide funds sad ejulpment 
to the training facilities. 

VII. Do elesmmt of Adeuavte spaIrey 

x"Ateaine Service#
 
Use follswotq consideratim ago considered 
important in the provisions 

of adequato repair ead intenance services for agricultural equipmnt 

1. Amy govermt pu chase of agricultural equipent should include 
all reomended spere parts ad basic maintenance tools equal to at least 20 
porowt of the waso for tbe total order. based Initially em two year' ro

2. Machiary mnufaeturers.o perters or dealer* met cooperau in 
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settlag wp oit~lO Sale ad 	service feeilitia!; 

3. 	 om umta should be vilUag to pemit duty-free loottlm of agri

spare parts and m Latte eqoImat.cultural UWAci*5 or at leart for 

ro-eportetim. and encbge of4. Gvoerneto an uagd to permit the 
to the

uneeded 	spare parts. for farm mochtiary vhciC are numable or serplu 

the coustry without pnay,. export tan. transfer tan or Ite8"0.vaeda of 

$uh concessoeo would ecow&es distributero to stock move pate. with appor

of their costs d" to changes in ar
to recover without penalties pert 

tn repair enperece. snd WAte~lh 
tuaity 

het dmand. early obsoleocence. improsWat 

is orderl8g 
the sumber of type of equipmt lneorted 

5. 	 Go"e t should regulate 

repairs ad minteasace sarvice
into a country, avoid coafusion over @per". 

6. Goeramto ahould be encouraged to establish apprprLate techuical 

and vocational schools IA the mochanical arto and trades. Special "Sitar ca 

should be pevan to village blachemiths and artien. in rural area by pro

motl work sd financial aid i the purchao of m
viding short course in 

proved toolo. 

Vi1. Itobliaseet of Service Breche 

the field "orebranch is conceived as part of
The echmisatlon orvce 

service 
tiowm of the national agricultural institutions. The organiation of 


as a later dewelopmt in the sochanistios proce..

breach"eain avioood 

in agricultural
Branch" may sere a operational bae for oxtension agents 


service breaches wnt be
and suitable locatio of . ,ohisatiou. Tb. oubere 

fog each 	 Individual couatr.deternised separately 

are comeiderod appropriate arose of operatiout 

frm which recoimadatiow can 
The follia8 

1. Tootin& ad evaluating field equipmant 

be 	asde to farmersl
 

to feranr in improving 
 skills with mfial-paeared
2. Specific asoistance 

to bu7 oxen. (b) the selectionin (a) the deciaionequipmnt In order to e nLt 

owen. through credit facilities. (d) the training
of om 	 (c) the purchaso of 

eat @&Io 	 to femors.the traintaS of oam,'for aubequof farmors sd mes, (a) 

fron samal- to eamigi

(f) the dots of Individual fenrs whether to mow 

powered technol g 
is the Me of models Inputs as thos 

$. General advice sod doetratiea 
of power. and to ceaduot local 

pertals to ochansed tacbaolo 8 at a1l levels 


foce of agriculturel techeolep.
saperienta With m" 
ohould be a ooparete and extro 8m

Supervision of trscto-hIre o€vces 

Ihis ftetise obould
of escbmiutise service brenches. 

be msmagd by special field ouorvisors coordinating the preotical egeratim 
1o,-tant fuactia 

troetor-ae supervtiorequipment. The field
of goermomt-Weed trectoro 	and 
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sheU have had ubetailal drivl empriams, shuld be reisiible for 5 

to 10 trotr operators, ed to 20 pez me ealavya reOve 10 t Is thn the 

drivers. 

The Obeervetioa eavamerted below a ceeosidered prmisO to the area of
 

trotter-ireoperatiaons
 

1. Fu tion of field supervioes ahsold Include (a) coordiatUon of field 
work sad apointment of drivers to ecb Job, (b)cotrol the Iaeitea ceoof 

troator. ad Implents under hi. supervision, (c) check o field adjustmats 

of ioplmts and give instruction in this shill to drivers. (d)sapervise 

drivers' dutie to keep tractor logo end Job records. ad Ame routine checks 
o the tractors mid impleaet*. () supervise fuiel eupplis to the divero, 

(f)mintadI boeat practices. (g) prepln field operetioma vith the general 

supervi or; 
2. field conditions (a) mallest eleo field to be worked at the standard 

rate should be 2 hectares. fieldo smaIler should be surcharged 50 percent, very 

sell md irregular fields should not be worked. (b) tractor& should not be 
siet to an aces having less than 10 hectares. (c) fermete must guerntee land 

suitable for trector operation. end field supervisors should ak inspection 

for obstacles following farmera guerantees; 

3. Paymet (a) contracts must be ande in advance with farmers. (b)pay
mat, or a substantial part, should be in advance. (c)paymset my be arranged 

as a debit to cooperative accounts, (d) farmers should slp or otherwise record 

satisfectory completion of work. (a)charges should be an an hourly, rather 

than an are, basis, (f) charges should be based on econamically sound costing 
procedures, and not so heavily aubsidiged that private opretios era iposible 

in the sam area; 
4. Traiaiug (a)operators should not only be liceos driver. but also 

skilled field operators. (b) mechaics should qualify at appropriate technical 
schools sad be able to drive an the road, (c) cbisery suppliers should be 

willing to assist in treaing and selectiom of operators. (d)all tranliag 

eould be as a continuing basis; 

5. Nalitsoae support (a)machinery suppliers should be willing to 
provide local repair aid matenmce facilities; (b) suppliers should stock 

a completa rage of part., for supply on doessd of at least $5 prcent, (c) 

reaur replacimet seeda should he stocked in field workshops. (d)mobile 

service traeke should provide m grncy field repairs. 

U. NechbiiMat of trivet Pgrmu and 
Frvato iorahim ef hSrteulturl etie 

s rsorvoLr of bums skill ad Initiative in the private sector of or 
ooomy han bm referred to I the vaited $tat". Presidet's Advisory Cm0

afie hMert as the Wrld POd Problem. Private tam mebm tisatis cmi be 
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fae~tated with eqewvieed credit facilities for'bofw 'j~ faiva s~toPu
"eqlpmst. lucb famers, should be expcted to undergo ,ialeam tminig. 

4pient should be proed by an appepriate committee of the VisIstry of 

Ariculture; @als agencla. should be approed ind hew adequate provisawt 

for repair services s stocks of spaes. 

When a umber of private farm in a given locality acquire approved 

machanised oqulpmmt, the appropriate tlstry aobuld appoint a mebhaisation 

advisor, on* advisor per 25 tractors or tractor-loame In the area should be 

adequate. Wb %a private farmer or contractor become self-sufficient, the 

edvisr should shift his attention to new loan recipients. 

The machni ation extension advisor shoald visit tractor mners at least 

once a manth. NiU duties should include: 

1. Providing necessary Lstruction, checking maintenance. and assisting 

with sqple repairs; 

2. Assisting with unusual problems; 

3. Reporting to the lam agency an the farmers' progress with the equip

mats although he should not be responsible for collecting payments. This is 

the machinary supplier's responsibility. advice and the collection of dues 

should be separate.
 

Private ownership of machinery can be encouraged by basing purchase ar

rongto on potential incomes of intending purchasers. Interest of private 

entrepreneurs in contract work can be stimulated by an association of machinery 

mmufacturers to assist In the purchase of tractors and other agricultural 

imploemta. Similar aesistance also can be extended to competent hand- and 

m anl-powerod farmers. to replace or supplmnt their present power with small 

eouaqo-powered tillers or tractors and I-plement*. 

I. Comercial Eaterisee as EconO€ic Catewlst 

The differentiated approach to economic development has been described 

by de Wilde 8 2 " one which Is capable of involving the local fangs&commity 

in several level of development simultaneously. With such an approach several 

program of mechenization can be Linked together in an overall plan of develop

mt. Such an approach can aimaltmeouely incorporate private enterprise in 

large and small-scale mechanisation progras, private or govement-pomsored 

trector-bire services and so appropriate scheme of Improve mt for the smll 

farmers In the area. When one or more lrge-scale comeicLl .enterprise be

coues involved, careful planig ca enable the developing Infraetructure to 

benef it the ma-le farmers as well. 

law W i, a., 44. ... 
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Vith each a apps~eeh. it. 18 iowteat to swcim" 14"-6646 operageve 
In plaml from the e64et. the NM epmt of.a onial, camera emeists 
of well-qualused profeessimals wbes emperiece ca be ant useful. further. 
proflt..tvtUGS 10 sMtta &ac mearoLal enterprises. and such coopermUto 
m have a etim14tlag effect M the VWP*Us Ouotewlim are eperated. Pui
lie nt.rpries sod met be wholly depeadest om subsidies. 

II. CeodilAtie of se"LoPsi bsearch 

nho recondatioa to coordisate research and development of a4gicultural 
power d Lad use a the basis of regional coeperetion bewooe atiosal ari
cultural leaticuticon bas ben preseted I• two part.. (1) the temory so
tsblitdbt of a &OPkbW#40up, withia the frmework of a eftne ej poL c#
m"d.* to work out operatiosel details for region progres mad (2) the es
tabliahoset of two 48gAiLpt c LatiM Am one for otore .d the 
other 
for wster Africa. to follow aftr the function of the wodJm § is com
plot*. The Uafi* COMIAhAti UMstA aT not recmmended a pemest of
tablismets., but rather of fairly abort-ter duretiu. say five years with 
renewable optios. so that participant istime re not required ialtially to 
asks long-term comnltee to o a progra until eufficieat time ha passed to 
tat Its acceptability. Ibis recornadatiu on time i0 recomimsed so a coo
promise betoem the uauitsbllity of ahort-term counitats i ecusoic develop
mut, especially that Lnolvial agriculture. and the unwillinpesa of sovern
out to accept long-term fiLWcial Comitments in opportin ua program. 

The objectives of developing regional research are to :oordineto wot 
designd for selective mchanisatio. to help provide necessary finacial swp
pot and to circulate informatim ftom rosarch ad developmnt la eatilatias. 
Where agricultural coditios, are similar in differnt areos withIa the regle. 
dulication of this kind of work has beam costly. te ismt coo~diA~isW uAW 
Gho%1d receive fLancial support fra both co-epossere end participat com
trisis. Co-spomeore would be mrn of the Velted Patios- :!-stsile the region. 
private foundations. lateSorlmtO orgaizattLAs eu:h s FAD. U . IU121 

ad particpsjt coutries would be coopert'-4 couatries within the resign. 
relevat Iatermational ad inter-regienal research oraiaaetioeo such as 
BM1W, the I1U, the prepoed Vast Atricas lco Developet Associatios and 
the solsrd Beat Africm Rturnl esarcee lesorch Cmcil. and lter-rlesal 

Africaneryealiesum seeh as OA Mad UCA. 
It is probable that a Apiset toafdi-tL, 4 uaU usuU be attached to 

a appbopriate research orgonastim within its region~*So vS p.u 
weld bo ragmbijity to deteenle the et apprepriate losatie for 
tho 40#4ml C0edLntft sIJ. The locations to be eonidred mW be any 

Of th ie.b. *01tler btitutibs of C oWetrtae os 
tAmU &SAlMAsl.Insitutions. Son are a euft--laas sW6er ofapell 



bastiteatase alredy establia.od is eaters MW we.:ter Africa to Ismr. te 

amistme of adequate fs.Utles. Feasible leetsatM for laosettgatin are# 

1. lston Africa 

(a) Makers, a. (b) Addle Ababs, abiepi (tho eperattemal locteaU , 

at olitta), (C) Netrore. TmMia 

2. Weaterm Afrtica 

(a) Accra-Me-ta Plaiu, Ghana. (b) Tmse. Ghana, (c) kDAsa, Iory 

Coeot, (d) Ibadem, Nigeria. (a) Laduaalria. ligeria (t) 3oey, S aSal. 

fae.to for aod paisot &&tios-l Iftatitutiea, md intenatimal fousdatie 

**ch a the UM1 and Lo ITA miat be cosidered by each bose4 #4Ap. 

Anotber area of Inquiry for each wv9A4A 94AMp ahoWid be the C ooits 

of the u4koL UoAd atiP wi toi aetoree d totee Africa. fay-to-day 

regim affairs would cam vithin the demtio of a full- or part-tima screta) 

ad staff, bet a Board of Directors cosisting of represaeeatives from porti

cLpmt counries md the co-vocsors could be oppoWed to direct the poral 

policy of the *4auat cOo4hi44n UKW . Such a board -4y evolve naturally 

frm the faccioms of tbe original cou .i ol po C.mA&-A . 

In eploriag the possibilities of encoraging ald ceerdlaatiag regional 

facilities for reoearch ao develop"uent in agriculturel power nd load we, 

the folawlLag points are likely to favor their acceptmce md contisseaces 

1. got-Alisbhd Institutions should be strengthened and iscorporated Into 

the research progrss ml; 

2. VUivoreitiee should be regarded as particularly appropriate Istitl

ties@ for research work. is cooperatios with national research lastitutiosa, 

beome of their relatively stable oustmce, lsoewty. md contact with st"

dents oLS8 Late agricultural prtefeSion; 

3. Ybeever prestise is involved, it should be accorded to national Imat 

tutilSo is predarsa to Intonational institutio; 

4. Distribution of roseareb should atteat to -'ve equality is prostig 

to Participatilg atios; 

S. Atricman poltcy-aebars should be Involved md milttd to functi al 

plae to ceoodlato rqioeal research; 

6. Short-term omltaot am likely to be ere attractive to potential 

porticipamts, at leat in the IatJitiou phase; 

7. M Laeliaafn to create regiseal caters ahoold be velsid mlme 

specifically charged to do so by co-p ossers ad participante operstag thow* 

the Commit of PouLaU-eakeM; 

6. acisalutio research mld drvlopust sectim say proe mt effo

tive wbas grafted nte fmctisam" natienl rmosoch casters. thi to par

tioslarly aNe"-leabe Sure national or istomtiel cmsilty rsearch semba 

already bos beam eotablished. Ildd, the prititm t comedty-rtista 
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be in aul inei geseratiag isforuatiem sK d16 mcbmtreasurm vm 
Ft eela6veascb purely is mchomisatios vithout "Is$ linked"tim them 

into a eRPW it prodiect 

can draw together eotimly9 Ci Ldiatin* rmeearch en 	a regional basis 

research institutions and elsewber for
useful lafotmstln frem cmmodity 

to gather this
machinery manufacturers who are not themselves in a position 

infomationg 
merit the active support of10. 	 Coorlimating regional research should 

governments of nations Involved in
Iquatorial African natic'al 	goverma.s 

in 1quatorial Africa,
bilateral and malti-lateral 	 technical assistance progra 

with market interests in Equatorial Africa.sod ichinery manufacturers 

XI. Preparation of Textbooks and
 

Teaching Manuls
 

teaching man-The objective in supporting programs to prepare textbooks, 

of factual infor
sasl, end instructional pmphlets 	 is to provide sound bases 

at all levels, and for research. Such pro
nation for agricultural education 

gram should include: 

involve1. Textbooks should be prepared from African sources of date and 


significant African authorah'p;
 

2. The proposal should contain sufficient prestige and other incentives 

to attract capable writers;
 

The proposal should contain provisions to asuet African writers3. 


wharver skills are inadequate; 

media to make relevant mater4. 	 The proposal should contain methods and 

information would be forial available to farmers, while the more technical 


at all levele.
students, teachere, and extension workers 


The implementetion of a progran to prepare 
 such literature would be en

hanced by& (a) African sponsorship. 	 (b) appropriate advisory cohittees 

(c) major authorship accreselected from the geographical region@ of Africa, 

dited to Africans. (d) substantial share of royalties paid to the 
African
 

authors. (a) foreign advisors or authors being limited, when possible, to the 

first edition, (f) books published in Africa, 	 (g) booksauthorship of the 

in I glish or French and, subsequen.ly, in the majorpublished first 

-Languages of the region. (h) facilities provided for the working authors to 

at least annually. (i) drawings and pictorial il-ustrationamet in confereace 

provided as meeded. 
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AGRICULTURAL MECHANIZATION IN 

EQUATORIAL AFRICA
 

PART TUO
 

A DOCUMENTARY FIELD STUDY
 



PART TWO
 

PREFACE
 

When man began using stone tools, he became an innovator and using his
 

as
Mechanization, when defined broadly
ingenuity to make his work easier. 


of hand tools, animal implements and engine
in this Study, includes the use 


There is no question that mechanization will be employed; 
the ques

power. 


tion is at what level and to what degree. These questions do not seem diffi

considers that agriculture is only one aspect to be
 

In
 
cult to answer until one 


considered and that mechanization is but a small segment 
of agriculture. 


re
other words, questions about mechanized agriculture must be considered in 


lation to much broader social, economic, and political 
issues. Thus, the
 

Undoubtedly there is no single or simple
interrelations become very complex. 


path to development. The role of mechanization in agricultural development
 

will continue to be a matter of opinion and conjecture.
 

Part Two of this report presents the data collected by the Study 
team.
 

It is an attempt to describe the present agricultural 
systems in Equatorial
 

Much sifting of in-

Africa and to view mechanization in proper perspective. 


formation was necessary to attempt to separate the relevant from the irrele-


In Chapter II the various levels of mechanizavant and facts from opinions. 


tion (hand, animal, engine) are considered and in Chapter 
III the various oper

ations (tillage, planting, weeding, harvesting, processing) 
are discussed.
 

Liberal use of photographs with extensive descriptive captions 
are included
 

to help describe the present systems.
 

to Chapter

Chapter IV contains the analyses of present systems and 

leads 


V which suggests improved technology for the future and 
leads to the Recom

mendations and Guidelines presented in Part One.
 

It is the hope of the authors that this compilation of information and
 

analyses will lead to more effective utilization of mechanization 
in agricul

ture.
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CHAPTER I
 

INTRODUCTION
 

The Nature of a Mechanization Study
 

The peoples of the African nations are anxious to develop their econ

omies so that the majorities of their populations are released from the stric

tures of subsistence livelihoods. History of the more advanced nations of
 

the world gives adequate evidence that such aspirations are not beyond the
 

realms of practical and economic realization. Moreover, growing interest in
 

international cooperation has led to the availability of many facilities for
 

the sharing of applied and adaptive research to assist in the development of
 

African economies.
 

African economies are primarily agricultural. The key to economic devel

opment for these nations lies nov' in raising the productivity of the agricul

tural population. However, such expansion cannot be achieved in Africa with

out a concomitant expansion in effective demand for agricultural produce.
 

Agriculture is defined by the United States President's Science Advisory
 

Committee as "the utilization of biological processes, on farms, to produce
 
1


food and other products useful to man". In the same report the Committee
 

emphasizes the dual role uf economic development in the world's agricultural
 

nations: raising agricultural productivity (production) and increasing general
 

prosuerity (effective demand), in order to alleviate the critical shortages of
 
2
 

W'orld Food Problem".
th 


Agricultural pioduction can be raised either by bringing more land under
 

cultivation or by increasing the productivity of land already under cultiva

tion. Therefore, understanding the complex technical and economic interrela

tionships of agricultural productive processes and the way these processes can
 

be modified to raise the agricultural production of the African nations is
 

vital to a mechanization study. The emphasis of this Study lies within the
 

technical and economic limits of the productive processes.
 

1
President's Science Advisory Committee, The Wo &dFood Putblem (Wash
ington, D.C. : U.S. Government Printing Office, May, 1967), Vol. I, p. 60. 

2 "The cornerstone of economic progress of any nation is the development 
of its natural resources and manpower. Many of the developing nations must
 
concentrate on agricultural resources as the foundation for building self
sustaining, productive national economies. Conversely, the growth of the
 

entire national economy will be essential in the future to increase agri
cultural production, which will depend critically on the farmer's ability to
 
purchase fertilizers, tools, high-yielding seeds, pest controls, and irri
gation water. To be able to purchase the required materials, farmers will 
need to sell a major proportion of their harvests, which means that there
 
must be increasingly prosperous customers who can buy farm products."
 

Ibid., p. 13.
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The .6gdi.icance o6 eje.tZue demand must not be neteected. Changing 

certain technical inputs in the productive processes is .nly part of the over

all economic picture, and considering only the mechanization of the productive 

processes without also giving consideration to the problem of increasing demand 

for the resultant increase in production becomes a self-defeating exercise.
 

In the process of national development, commercialization of the agricultural
 

sector and widening the distribution of income among potential consumers must
 

be concomitant factors to mechanization since raising productivity leads to the
 

production of surplus beyond the immediate demands of the farmer and his family. 

Thus, it is reasonable to assert that mechanization of the productive processes
 

will involve the farmer in higher costs which have to be met out of resulting
 

increases in income if there is an adequate effective demand. Such demand may
 

be stimulated by appropriate economic policies. If this consideration is neg

lected, a proposed program of mechanization may very quickly run into problems
 

of surplus production. The outcome will be to declare the scheme a failure
 

when, in fact, the scheme itself may have been technically far from being a 

failure, only the planning horizon had been too limited in perception of the 

problem.
 

Commercialization involves the farmer in producing for a market in which 

effective demand also guides the producer's activities: this is an additional 

factor to the skills, abilities, and availability of resources used by the 

farmer in his productive processes. The market structure must be adequate
 

primarily to facilitate the flow of produce from producer to consumer and, as
 

commercialization becomes more sophisticated, to relay changes in effective
 

demand to the producer in such a way that he can make adjustments to his pro

ductive processes.
 

Within this framework mechanization assumes a broad perspective. Mecha

nized technology can be applied to production, movement of produce through
 

market channels and to its being processed into convenient forms for consomers.
 

However, in the earlier stages of a nation's developmentr mechanized technology
 

in the productive processes generally takes precedence; farmers and agricultural
 

scientists concentrate on experimenting with any new facilities of mechanized
 

farm power; and the market is generally not sufficiently developed to provide
 

reliable incentives for commercial production.
 

The large majority of African small farmers generate their own farm power.
 

Estimates from a sample survey taken in Ghana in 1963 show that 99.51 percent
 

of agricultural power was hand power; the balance consisted of 0.14 percent 

animal power and 0.35 percent engine power. 
3 

3
Walter Birmingham, I. Neustadt, and E.N. Omaboe, A Study o6 Con-tem
polotaAy Ghana, Vol. I:The Ec nomy o6 Ghana (London: George Allen and Unwin, Ltd., 
1966), p. 222.
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Utilization of machinery can increase the output of a single
 
man by many times. The output of a man is rated at horsepower,
 
therefore when this man is efficiently operating a Massey-Ferguson
 
165 tractor with approximately 45 drawbar horsepower, with properly
 
matched equipment, he can theoretically do the work of 180 men.
 

Generally it appears that the productivity of labor and land can be in

creased by the assistance of mechanized power. Assuming the production function 

of the traditional economy cannot be reorganized easily to be more economically
 

efficient and that availability of hand labor remains fixed, mechanical as

sistance becomes essential to increasing the input of power into African agri

culture. Moreover, there is no immediate land scarcity in Africa, but the
 

incaeaing co,t o6 cteawtng additional land Aequie ,thatmuck o6 the e6fort 

,to increase ag .cu , t production 6houtd be concen-twted on Land atAeady 

wde4 cuttvaULon. 5 
Contemporary judgment in the present decade suggests that, 

in fact, agricultural expansion during the last decade has been obtained
 

generally by expanding the area of land under cultivation.
6 

Whether
 

agricultural production in Africa is to be increased by bringing new areas
 

under cultivation or by the intensification of cultivation on land in current
 

production, it is general opinion with some supporting evidence that there is
 
7
 

a dearth of farm power in Africa.
 

In the developing free world, more machinery is badly needed -
not as a labor saving device, but to increase productivity. At the 
present time, machine power available to the farmers of Asia, Africa
 
and Latin America averages only a fraction of the more than o e horse
power per hectare utilized by the farmers of Europe and the United 
States. This lack of power makes it difficult to prepare seed beds
 
efficiently and timely and to place seed and fertilizer accurately,
 
both of which can contribute markedly to improve yields and the eco
nomical utilization of these inputs. Although there are one or two 
exceptions, an analysis of yields in various countries indicstes that
 
a power level approaching 0.5 horsepower per hectare is needed for


8
 
an efficient agriculture.
 

4 
T.J. Shambaugh, Jr. , Smmauj o the Vevelopen-t6 iti Phopu6uZ~e MefCJt

tutiztioLn for the Hod FaAmea and MWxed FamJnemz in the Savannah o Norther, 
NigeAia (mimeographed) USAID Project No. 620-11-190-771, Special Report No. 
68-4 (Maiduguri, Nigeria: The Industrial Development Centre, February, 1968), 
p. 	 1. 

5President's Science Advisory Committee, The Wo.'td Food Probfrm,Vol. I, 
p. 19. 

6 
Ibid, Vol. Ii, p. 378.
 

7 has been estimated that it ",iL 'je :ersb,,ry -j eas, ',, trac-Ar cuc 
tor utilization by '.44 hp./ha. to meet th-I "iini-,, "luLr, '-:ent of 0.3 ;;p./Hi. 
by 1998. = G.W. 	 Giles, 'Agricultur;-_ P'outr ,n. E,,,t~pm.,,, "7- t. S~ n 

Advisory Comnittee, rhi.Won'a Food Pi '. U, . 1,'..". : 
8 

'resirnt's Science jo.'.sory !.lt,. 'I,, o'"a Uw ' k' ,'j", 'n.. 

p. 7. 



The Study was confined to Equatorial Africa and, while some generalizatioi
 
are possible, most information obtained from one country should be used only
 
as descriptive of conditions in that particular country. 
Where geographical,
 

agronomic and climatic conditions are similar, a transference of agricultural
 
experience is feasible; but recognition must be given to 
the fact that differel
 
sociological and political situations impinge on 
technological situations.
 
Thus, genehatZzaiom are p't~eented oney ci~cumpectey, tecognizing the es
4en ateneed 6o% adaptive %eeattd
 

• . . to gain an understanding of the principles governing plant

and animal production under the conditions, soils, and climates
 
existing in developing countries. .. The products of technology and9
"know-how" cannot be transferred directly to the developing nations.
 

The purpose of mechanization in Equatorial African agriculture is the
 
raising of productivity. Since agricultural power used in Africa is over
whelmingly that 
of human muscle and to a lesser extent, animal power, the
 
definition of mechanization, for the purposes of the Study, includes any form
 
of mechanical assistance used by the farmer, whether in the forms of hand
powered, animal-powered, or engine-powered technology.
 

The Fundamental Importance of Soil and Crop Management
 

While mechanization is admittedly an essential factor for increasing agri
cultural productivity, its success is dependent on good management in relation
 
to suitable soils and crops. 
Any increased benefits, usually in the form of
 
cash sales, from the increase in crop production due to a new source of farm
 
power must pay for the 
new farm power. Increases in crop production can resu]
 
from higher yields and/or greater areas under cultivation.
 

A soil and land use inventory followed by scientific soil suitability
 
studies for the major crops becomes essential for cultivatlon management
 
studies, including improved mechanization systems. 
In Africa, the introduction
 
of scientific soil and crop management work began late. 
 One of the first
 

scientific field studies of soils and vegetation in Africa was made by Shantz
 
0
and Marbut.1
 Before this time, many field experiments were conducted and
 

many laboratory analyses were made, but they were not related to soil classifi
cation and mapping; their results could not be extended to geographic areas of
 
application. [Dr.] Marbut concluded that soil and land-use surveys should be
 

the basis of scientific use of the land.
 
The Imperial (now Commonwealth) Bureau of Soil Science was established in
 

1927 in the United Kingdom. 
In 1930 the report of the Bureau stated:
 

9 
Ibid. ,Vol. I ,p. 20. 
1H.L. Shantz and C.F. Marbut, Vege.tz/tton and SoLit of A6/icza (American 

Geographical Society, 1923). 
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"Soil maps will be constructed for all experiment stations and of the
 
11
 

districts around them."
 

The importance of soil surveys and climate as factors in agricultural
 
1 2 

the FAO/IBRD:development is emphasized by 

What are the types of soils? What soil surveys have been 
carried out? Give major characteristics and classifications
 

resulting from these surveys. Fertility and suitability for
 
proposed types of farming and for irrigation. Will there be a
 

drainage problem?. . . Give rainfall, temperature, and other 
climatic data relevant for proposed crop production.
 

Support for this position comes from other sources:
 

The failure of the great East African Groundnut Scheme in
 

1949-1950, [totaling 1.3 million hectares, mostly in southern
 
Tanzania] . . .must be ascribed in large measure to a lack of
 
accurate knowledge of soils and their behavior under new
 
methods of cultivation. It is an index both of continued
 
ignorance of tropical soils and of the costliness of that


13
 
continued ignorance.
 

It is recommended to the governments [of East Africa] that
 
land-use, farming, and economic surveys be carried out, and
 
after it has been ascertained scientifically and technical

ly that the development programs have a reasonable chance
 
of success, only then shoyld further orders for tractors
I
 
and equipment be placed.
 

The Potential Productivity of Tropical Soils
 

The potential crop yields in the tropics in general are
 
decidedly higher than those in the temperate zones. Thus,
 
if incentives and other requirements for production are
 
satisfied, the tropical world can greatly outproduce the
 
temperate world.15
 

It has been claimed that tropical soils are 'worn out' and
 
that the tropics are doomed to a future of low productivity and
 
rural poverty. There is an abundant body of knowledge today,
 

1 1 
Cecil F. Charter, The OAgaizationt o6 SoiC Suey nL ft"th Wet 

A6Aica (mimeographed), Communication No. B(g)9, Soil Survey Division (The 
Gold Coast: Department of Agriculture, 1930), p. 1-10. 

12
Food and Agricultural Organization and the International Bank for
 

Reconstruction and Development, Cooperative Program, Owt22ne 6oL PAojecta 
to be Pe.6ented doL Financing (Rome: United Nations Organizacion, September, 
1967), p. 1. 

1 3L. Dudley Stamp, Ad4ica: A Study iL Topicat Deveopment (New York: 

John Wiley and Sons, 1964), p. 88. 
1d Mit.66the Mee.ting o6 tie Wut AdtLccut AladhineAy SpeciaLAt 

Commit.e (Serere, Uganda: EAAFRO, Nov. 18-20, 1963), p. 9.
 
15Robert F. Chandler, Jr., ChaL ige.i i Meeting tJie Ag/LZicatvLa Need6 

o6 the Twopcat Woxtd (Address presented at the First Annual Conference of 
the College of Tropical Agriculture, Honolulu, Hawaii, January 5, 1966), p. 3.
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however, to show that the old, weathered depleted tropical soils
 
can be rejuvenated by the appliration of good management prin
ciples including fertilizer application.19
 

Bush Fallow 

African farmers traditionally have adjusted their cropping systems to ob

tain essential plant nutrients from soil minerals. The present system of cul

tivation observed in contemporary Africa is known as bush fallow or shifting 

cultivation. For a subsistence agriculture with very low inputs and low out

puts, no one has yet suggested improvements. However, with soils derived from
 

granite, and at least 102 cm. of annual rainfall, such a system cannot support
 

more than 7 to 10 persons per square kilometer; with soils derived from
 
17 

limestone, twice this density can be supported. 

In the countries covered by the Study, the least dense population is in 

Tanzania with ten persons per square kilometer; the most dense is Nigeria with 

44 persons. Since at least 75 percent of the population is engaged in agri

culture, the logical assumption is that bush fallow is a luxury which cannot 

be afforded any longer. The allejuzative to bu6h 6jaMot i6 Zenttidct manage

ment o6 aW2 factors of p'oduction, 6taAtig wtith setection o6 zoLft that aAe 

mot r4upomiZve ad managing thtem cs ifeLicaLy w"th 2Oth centwL biput6. 1
8 

Scientific soil management in the Tropics, however, depends upon adapting
 

ecologically-oriented field research that was conducted under similar soil and
 

climatic conditions. Scientific field research in the Tropics is rare and
 

difficult, especially that involving a comparison between systems of bush 

fallow with the traditional hand hoe and systems of continuous tillage with
 

crop rotation, 20th century inputs, and tractor power.
 

In Ghana, the CSIR has conducted long-term field trials comparing tradi

tional agriculture with modern tractor farming.19  For traditional farming
 

field trials, the wild bush was cleared from a plot and planted with two crops
 

of maize (corn) a year for three years. The crop seasons and resultant yields 

16Ibid., p. 7. 

1 7 Richard Bradfield, "The Future of Soils and Crop Research in the Tropics", 
Symposium: Fertilizers and Their Use in the Tropics, Poceedin, SoiZ and Chwp 
SciZence Society o FoAida, Vol. XXIV, 1966, p. 302. 

1 8
Under most soil conditions prevailing in both the rain-forest and the sa
vannah in Ghana and Nigeria, raising cultivated crops for a period of two years
 
followed by fallow for ten years should permit sufficient soil nutrients to
 
maintain crop production levels to feed up to ten persons per square kilometer.
 

P.H. Nye, "African Experience in the Use of Fertilizers in the Production
 
of Basic Food Crops", Symposium: Fertilizers and Their Use in the Tropics, P4o
ceedings, Soil and Crop Science SoeZety o Fto4ida, Vol. XXVI, 1966, p. 306. 

191. Miller, RepOitt on Vie Agwonamic WoAk Ca4Aied Out at Kwadao Centuto 

AAQcutWma.e Station Up to Second Seazon, 1960 (mimeographed) (Accra: Ministry 
of Agriculture, January, 1962), Part II, p. 3. 
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are shown in Table 1.1. The research scientists abandoned the experiment be
cause of low maize yields due to soil exhaustion. 

TABLE 1.1 GHANA: SINGLE-CROPPING MAIZE FOR THREE CONTINUOUS YEARq IN 
TRADITIONAL FARMING FIELD TRIALS 

Yield of 
Year Crop Season Dry Grain
 

kg/ha.
 

1956 	 First 181.4
 
Second
 

1957 	 First 107.5
 
Second
 

1958 	 First
 
Second
 

Traditional agriculture was then redefined to include one year in field
 

crops and five years in wild bush. The crops grown were cassava, yam, plan
20
 

tain, cocoyam, and maize (corn).


In comparison with this, traditional agriculture was tractorized crop

rotation agriculture, consisting of a five-year rotation (1954-1958) repeated 

for an additional five year period (1959-1963).21 The cropping sequence is 

contained in Table 1.2. 

In stamary, "The average cost of tractor work on the three crops: maize, 

groundnuts, cassava, was about six to seven Ghanaian pounds per acre [$41.51 

to $48.43 per ha.]. Hand work, on the other hand, was about twice this 

figure for maize and groundnut, and three times for cassava".22 

Following three years, crops of elephant grass and maize were planted in 

rotation and always there was a depression in yields. In modern farming, one 

common explanation is that additional nitrogenous fertilizer is needed for 

maize because of the wide carbon-to-nitrogen ratio of elephant grass residue. 

Traditional systems of farming appear similar throughout Equatorial 

Africa except in the highlands of Ethiopia, Kenya and Tanzania. A sample 

survey of the typical tropical traditional cropping system in Ghana provides 

germane information. 
23
 

According to the 1963 sample survey, the average field in Ghana is
 

cleared and cultivated with hand hoe, axe, and cutlass for two years, then is
 

20°Ibid., p. 8.
 
2 1
Ibid., p. 9-35.
 

22Average annual rainfall at Kumasi, where this experiment was conducted,
 
is 150.5 cm. and the soil was Kumasi well-drained sandy loam derived from the
 
Cape Coast granites.
 

Ibid., p. 18.
 
2 3
Birmingham, et ae., op.ci.t., pp. 223-5. 
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TABLE 1.2 GHANA:CROPPING SEQUENCES FOR TRACTORIZED CROP ROTATION EXPERIMENTS
 

Year Cropping Season Cropping Sequence 

1954 

1955 

First 
Second 

First 

Second 

Maize (corn) 
Groundnut (peanut) 

Maize (corn) 

Cassava 

1956 First 
Second 

Cassava 
Cassava 

1957 First 
Second 

Elephant grass 
Elephant grass 

1958 First 
Second 

Elephant grass 
Elephant grass 

allowed to lie fallow in wild bush for six years. Variations in this practice
 

exist, depending upon the relative population pressure on the land. In areas
 

of low population pressure, such as in central and northern Ghana, farmers may
 

clear this land and grow field crops for two to three years among large trees
 

and stumps, then allow wild bush to occupy the area for 15 to 20 years before
 

it is again cleared and cropped. By contrast, near Accra where population
 
pressure is heavy, many fields are cultivated almost every year. Likewise,
 

small garden plots around individual homes and near villages may be cropped
 

to vegetables and tree food crops almost continuously. To keep these tropical
 

soils productive under such intensive use, animal manures, forest tree litter,
 

and composts are used. Very seldom are chemical fertilizers used, although a
 

few experiments and demonstrations have proved their efficacy.
 

The sample survey also indicated that the average Ghanaian farmer generally
 

tended cultivated crops in two separate locations, one near his village and the
 

other in the bush. At each location (farm) he had two fields each 0.61 hectares
 

in area. Each field was cropped for two years on the average and left in bush
 

to rejuvenate the soil for a period of six years. During any one year the
 

average farmer would grow crops on only 0.61 hectares. Details of the sample
 

survey are given in Table 1.3.
 

Soil Management
 

Soils in Equatorial Africa have been managed as wisely as available
 

research, extension and the eductional level of the farmer permitted. More
 

scientific and economic answers must now be provided to such fundamental
 

questions as:
 

1. When pressure of population dictates a more intensive use of the
 

soil, what is a satisfactory alternative to the bush fallow (shifting culti

vation) system?
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TABLE 1.3 GHANA: THE COMMON BUSH FALLOW (SHIFTING CULTIVATION) CROPPING SYSTEM 
OF THE AVERAGE FARMER 

Village Farm 
(Two fields) 

Bush Farm 
(Two fields) 

Year 0.61 hectares 0.61 hectares 0.61 hectares 0.61 hectares 

1 Field crops Bush fallow Bush fallow Bush fallow
 

2 Field crops Bush fallow Bush fallow Bush fallow
 

3 Bush fallow Field crops Bush fallow Bush fallow
 

4 Bush fallow Field crops Bush fallow Bush fallow
 

5 Bush fallow Bush fallow Field crops Bush fallow
 

6 Bush fallow Bush fallow Field crops Bush fallow
 

7 Bush fallow Bush fallow Bush fallow Field crops
 

8 Bush fallow Bush fallow Bush fallow Field crops
 

2. How can soil structure be maintained and soil erosion be controlled?
 

3. Can use of chemical fertilizers maintain or increase crop productivity?
 

4. Where a layer of laterite 24 exists in the profile, does clear-cutting
 

and continuous tillage increase the hazard of hardening? If so, what are the
 

critical depths of the laterite layer? Is there a cropping system that can
 

be devised to reduce this hazard?
 

Restrictive Factors of Crops and Cropping Systems
 

Crops and cropping systems modify potential increments in productivity
 

that can be contributed by more efficient mechanization systems. On annual
 

row crops such as wheat, grain sorghum, pearl millet, and biennial crops such
 

as sugarcane and pineapple, for example, better-tempered iron in a hand hoe or
 

wider and shallower cultivator shovels on an ox-drawn or tractor-drawn implement
 

can result in substantial increases in the area weeded by one farmer and there

fore in total production per man. By contrast, with perennial crops such as
 

banana, coffee, tea, cocoa, oil palm, cassava, rubber, and cocoyam, the same
 

mechanical improvements would make virtually no impact on total production
 

because of the small amount of mechanical tillage employable in their cultiva

tion.
 
25
 

Ecological Factors of Climate, Vegetation, and 
Anthropic Influence


In Equatorial Africa, wind erosion near the Tropic of Cancer (extending
 

across the southern part of the Sahara Desert) and near the Tropic of Capricorn
 

24 Laterite is defined and the management of laterite soils in relation to 

mechanization is discussed in Chapter II, pp. 2-151 - 2-164.
25 L.P. Smith, WeatheA and Food, Freedom From Hunger Campaign, Basic Study 

No. 1 (Geneva: World Meteorological Organization, 1962). 
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(the Kalahari Desert) is very serious, and deteriorates yearly because of over

grazing by cattle, sheep and goats herded by pastoral nomads. Approaching the 

Equator, rainfall increases and produces progressively, belts of short grasses
 

(plains), -all grasses (prairie), tall grasses and short trees (natural
 

savannah), tall grasses and tall trees (anthropic or derived savannah), and
 

tropical rain-forest as shown in Table 1.4.26
 

In western Equatorial Africa, unless the rainfall is very favorably dis

trLuted, annual crop production is minimal in areas where the rainfall is less
 

than 76.5 cm., because of high evaporation and transpiration. When the annual
 

rainfall is more than 153 cm., rain-forests usually exist, topography is most
 

often more rolling, the soils are more highly leached, and the most common
 

commercial crops are perennial ones grown in small openings in the forest.
 

These crops are cocoa, rubber, oil palm, coffee, banana, and cocoyam, with very
 

little potential for mechanized production. The greatest potential for greater
 

efficiency of farm power, whether by hand, animal, or machine, is in the 102 to
 

153 cm. annual rainfall belts where tall grasses and short or tall trees
 

(savannah) exist, land is fairly level, and soils are not highly leached. On
 

such soils the common annual crops of food, feed, fiber and oilseed are grown,
 

including grain sorghum, small millets, maize (corn), cotton, groundnuts (pea

nuts), and sesame.
 

Despite limited crop culture, erosion by water becomes serious in areas
 

receiving less than 76.5 cm. of annual rainfall because of grass burning prac

tices and overgrazirn by livestock. Moreover, the total annual rainfall in

creases inversely the hazards of torrential, gully-washing, flash storms. In
 

most areas receiving more than 153 cm. of annual rainfall, very little soil 

erosion takes place because perennial crops are grown in small partial clearings 

in the forest. However, where rural population pressure is great and the rain

forest is cleared for large-scale mechanized farming, soil erosion hazards
 
7


exceed those of any other place in the world.? Erosion by water has not been
 

serious in the 102 to 153 cm. annual rainfall belt in Equatorial Africa because
 

of the practice of shifting cultivation which usually exposes bare soil for two
 

out of eight years; wild bush growth protects the soil during the other six
 

years. On the average, between 5 and 10 percent of the land in this savannah
 

26
Although rainfall is high near the Equator over most of Africa, elevation
 
and wind direction are also modifying factors that determine the amount of rain
fall. Variations in mean annual rainfall along the Equator in Africa are from
 
306 mm. (12 inches) at Chisimaio, Somalia; 1734 mm. (68 inches) at Entebbe,
 
Uganda; to 1836 mm. (72 inches)at Kisangani, Congo (Kinshasa); to 2065 mm.
 

(81 inches)at Boende, Congo (Kinshasa); to 4182 mm. (164 inches) at Libreville,
 
the capital of Gabon.
 

27An example of great population pressure in an area of high rainfall and
 

serious erosion is southeastern Nigeria.
 

2-10
 



ABLE 1.4 EQUATORIAL AFRICA: MEAN ANNUAL RAINFALL AND TYPES OF VEGETATION
 

Mean annual rainfall Type of vegetation
 
millimeters
 

below 510 Desert and semi-desert
 

510 - 565 Short grasses (plaina)
 

565 - 1020 Tall grasses tprairie)
 

1020 - 1275 Tall grasses and short trees
 
(n.ural savannah)
 

1275 - 1530 Tall grasses and tall trees
 
(anthropic or derived savannah)
 

above 1530 Rain-forest
 

belt is in cultivated crops each year. The remainder is either untouched or
 

is lying fallow in wild bush (grasses, weeds, and trees) until the soil has.
 

rejuvenated sufficiently to support another cultivated crop.
 

General Background
 

Mechanization is being introduced into a wide variety of ecologically
 

different situations and includes a broad range of tools and equipment. Hence,
 

it is useful to consider first the numbers of tractors and agricultural machin

ery in countries of particular interest. All modern agricultural equipment is
 

imported into African countries; data are available but the publications tend
 

to be two or three years in arrears.
 

Agricultural Tractors
 

Data on the numbers of tractors from 1961 to 1967 in the nine countries
 

are shown in Table 1.5. Kenya has the largest number of agricultural tractors 

and Tanzania ranks second, consideraily lower than Kenya. In Uganda the number
 

of tractors has risen rapidly and in the other six countries the numbers of
 

tractors are considerably smaller, with a marked increase in Ghana after 1963.
 

The 1952-56 averages provide a means of comparing the relative numbers of
 

tractors in the decade previous to the 1960's. However, a clearer picture of
 

the relative numbers of tractors can be obtained from the indices, illustrated
 

in Figure 1.1, of tractors in each of nine countries from 1961 to 1967 relative 

to the numbers of tractors in Kenya in 1961. The number of tractors in Kenya 

is approximately twice the number in Tanzania. There has been a slight decline 

in annual purchases of tractors in Kenya, whereas the numbers increased in all 

the other countries, with the possible exception of Gambia and Senegal where 

the numbers have remained approximately constant. From these data the level 

of tractorization is low in all countries relative to Kenya. Over the period 

the relative increases in the numbers of tractors are substantial: by 1964 the 

number of tractors in Ghana closely approached the numbers in Tanzania; the
 

numbers in the Ivory Coast increased twelve tines; the numbers in Ethiopia
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TABLE I.5 AGRICULTURAL TRACTORS IN NINE AFRICAN COUNTRIES, 1961  1967(Wheel and Crawler Tractors over 8 Horse Power) 
Country Item 1952-56 

average 
1
1961 1962 1963 1964 1965 1966 1967 

Ethiopiaa Wheel 
Crawler 

31 
17 

n.a.b 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

Total 48 273 250 288 420 393 643 1068 

Gambia Wheel
Crawler 17

1 
33 
4 

38 
5 

44 
4 

47 52 
2 

38 
4 

n.a. 
n.a. 

Total 18 37 43 48 49 54 42 n.a. 
Ghana Wheel 93 n.a. n.a. n.a. 1866 1798 n.a. n.a. 

Crawler 8 n.a. n.a. n.a. 368 326 n.a. n.a. 
Total 101 161 n.a. n.a. 2234 2124 n.a. n.a. 

Ivory Coast Wheel
Crawler n.a. 

n.a. n.a. 
n.a. n.a. 

n.a. 380
70 398

62 615
90 730

210 n.a. 
n.a. 

Total n.a. 78 n.a. 450 460 705 940 n.a. 
KenyaWheel
Kenya Crawler 

3934 
1020 

5356 
1066 

5424 
994 

5167 
994 

4976 
807 

4886 
843 

5345 
800 

n.a. 
n.a. 

Total 4955
c 

6422 6418 6161 5783 5729 6145 n.a. 
Nigeriae Wheel 

Crawler 
Total 

n.a. 
n.a. 
n.a. 

186 
49 

235 

186 
49 

235 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a_ 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
400t 

n.a. 
n.a. 
n.a. 

Senegal Wheel 
Crawler 
Total 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
203 

125 
45 

170 

133 
47 

180 

152 
58 
210 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

Tanzania 
(Tanganyika & 
Zanzibar) 

Wheel 
Crawler 
Total 

1292 
1238 
2530D 

n.a. 
n.a. 
1538 

n.a. 
n.a. 
is33 

n.a. 
n.a. 
9,17 

n.a. 
n.a. 
701 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a. 

Uganda Wheel 
Crawler 

269 
144 

n.a. 
n.a. 

n.a. 
n.e. 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

n.a. 
n.a. 

Total 413 623 640 550 550 10599 13359 1660t 
(See notes on the next page.) 



Source: (Except where otherwise stated) United Nations, Ptoduction Yct Book (Rome: Food and Agricultural Organi
zation, Statistics Division), Vol. XVII (19'3), p. 270; Vol. XX (1966), p. 462; Vol. XXI (1967), pp. 465-6.
 

aInstitute of Agricultural Research, A PAeimi wjJ Sutvey o6 Medzaotized Fouvm in EYtktopia (Unpublished paper, Addis 
Ababa, 1969). Data for Eritrea are not included in this report.
 

bNot available during course of the Study.
 

CTwo-year average corrected to the sum of two sub-totals.
 

dKenya data are foz large scale mechanized farming. Tractors on settlements, government agencies and small-scale farms
 

are omitted. Their inclusion would raise the total by about 11.3 percent. International Bank for Reconstruction and 
Development, Permanent Mission in Eastern Africa, Ag cucLuAa{Z Mechanizatilon in Ea~t Af.vczn Covt'ZCAi (mimeographed), Report 
No. 3 (Nairobi: Agricultural Development Service, July, 1966), Tables 7A and 7B. 

eGovernment-owned tractors only.
 

fEstimate taken from Malcolm J. Purvis, InuveA.7ent OppotwLiie5 iZn McJLanized Fauvning: A Study o6 the Economc6 o 
Ttactor Ue in 0 go Vivizions o tAleWeztuz State (mimeographed) (Ibadan: Nigerian Institute of Social and Economic 
Research, Consortium for the Study of Nigerian Rural Development, June, 1968), p. 2. 

gEstimated numbers taken from W.T. Brown, P. Evans-Jones and D.J. Innes, "Implements," Chapter 17 in David Stephen
 
(ed.) , AgicuZtue in Uga da (Revised edition, 1968).
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increased almost four times; and the Nigerian numbers doubled.
 

Data presented in Table 1.5 consist of both crawler and wheel tractors.
 

Many crawler agricultural tractors are used mainly in the preparation 
of land
 

Thus, the data for wheel tractors probably are a
 for agricultural purposes. 


more accurate measure of the actual level of engine-power employed in agri

cultural production but the 	separation of the data into these two categories
 

is incomplete.
 

Importations: Agricultural Tractors, Agricultural Machinery, 
Total Imports
 

The number of tractors operating in a country is a rough measure of the
 

Perhaps more demonstrative of a
 level of agricultural engine-power in use. 


to invest in mechanized agricultural technology is the
 
country's willingness 


tractors and agricultural
relative level of resources currently being spent on 


implements. The number of tractors in a country reflects to some extent the
 

past policies of commercial agricultural enterprises and of 
governments. 
The
 

level of importations, especially relative to the level of 
total importations
 

into the country, is a fairly accurate indicator of current trends in agri

cultural mechanization with 	modern engine-powered equipment. 
Table 1.6 shows
 

these basic data for importations from 1960 to 1967.
 

The indices of importation for agricultural machinery 
(using Kenya 1961
 

These relative values
 are illustrated in Figure 1.2. 


Ghana is the largest importer al
data as the index base) 


fluctuate quite widely over the period. 


though the trend in the importation of agricultural machinery 
falls very
 

Trends in the importation of agricultural machinery 
rise for
 

slightly. 


Ethiopia, the Ivory Coast, Kenya, Tanzania, and Uganda; 
countries with fall

the trend for Gambia is constant at a low
 ing trends are Nigeria and Senegal; 


level.
 

These data could be adjusted by a price index for tractors and 
farm
 

28 

The level of prices in exporting countries rose by the followimplements. 

Canada, 12.4 percent; France,
ing percentages during the period 1960 to 1965: 


8.0 	percent; Germany, 11.0 percent; USA, 6.2 percent. 29 However, adjustments
 

are unlikely to change the relative positions of
 for changes in price levels 


African imports significantly.
 

Together the data contained in Tables 1.5 and 1.6 may be 
used to show
 

proportions spent on tractors and agricultural machinery 
relative to total im

ports and illustrate the following trends in the mechanization 
of agriculture:
 

28

United Nations, T/rade Veo.A Book 1966, Vol. XX, p. 612. 

29
Data for other tractor and machinery exporting countries are not 

cited above.
available from the source 
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TABLE I. 6 
 IMPORTATION OF AGRICULTURAL TRACTORS, ALL AGRICULTURAL MACHINER 
 AND TOTAL IMPORTS 1960 - 1967
 
Country 
 Item 
 1960 1961 1962 1963 1964 
 1965 1966 1967
 

Ethiopia Tractors quantity 
 n.a. n.a. 
 42 129
c 128 189 275 n.a.

value
 n.a. n.a. 
 4.8 9.6 12.4 12.0 n.a. n.a.
All machinery -- value d
n.a. n.a. 12.0
Total value of all imports n.a. n.a. 24.0 31.5d 35.3 43. d n.a.
1035 1112 1231 n.a. n.a. 6 n.a.
 

Gambia Tractors -- quantity 4 11 15 11 24 
 10 n.a. n.a.
 
-- value 
 0.1 0.5 0.4 0.3 0.5 
 0.2 n.a. n.a.


All machinery -- value n.a. 
 n.a. 1.0 
 1.0 1.0 
 1.0 n.a. n.a.
Total value of all imports n.a. n.a. 6
172 118 121 
 i 2 n.a. n.a.
 
Ghana 
 Tractors -- quantity 421 918 299 911 
 349 1397 n.a. n.a.
 -- value 26.7 32.6 .9.2 40.1 25.9 
 62.1 n.a. n.a.
All machinery -- value 
 55.0 92.6 
 30.0 110.0 45.0 82.0 
 e n.a.
1 5 .0
Total value of all imports 3629 3942 3334 
 3649 3402 4482 
 n.a. n.a.
 
Ivory Coast Tractors -- quantity 413 498 291 n.a. n.a. 
 n.a. n.a. 
 n.a. 

-- value 37.5 49.8 
 31.7 n.a.
All machinery -- value n.a. n.a. n.a. n.a.
n.a. n.a. 33.0 
 58.0 88.0 61.0 n.a. n.a.
 a, Total value of all imnorts n.a. n.a. 1465 
 1698 2450 2362 
 n.a. n.a.
 
Kenya Tractors -- quantity 820 253 416 
 809 790 902 n.a. n.a.
 

-- value 29.4 9.8 11.0 
 19 6 21.6 
 32 7f n.a. n.a.
All machinery -- value 55.0 
 44.0 18.0 304f 41.2f 477 57.0f 65.5f
 
Total value of all imports 1962 1930 1946 2063 
 2142 2493 n.a. n.a. 

Nigeria Tractors -- quantity 467 413 233 319 
 783 n.a. n.a. n.a.
 
-- value 22.9 24.2 16.6 g
14.7 23.3 19.5 
 n.a. 15.5
All machinery -- value 


4 7 -0 g 3 9 .0g 25.0 26.0 54.0 
 39.0 n.a. 31.69
Total value of all imports 6026 6216 5690 
 5809 7113 7716 n.a. 
 n.a.
 
Senegal Tractors -- quantity n.a. n.a. 53 92 
 91 65 n.a. n.a.
 

-- value 7.9 12.7 3.2 6.4 
 7.4 4.3 n.a. n.a.
All machinery -- value n.a. n.a. 
 10.0 14.0 12.0 5.0 n.a. 
 n.a.
Total value of all imports - n.a. n.a. 1548 1561 1717 1643 n.. n.a.
 
(Table continued on next page.)
 



TABLE 1.6 continued
 

Country Item 1960 1961 1962 1963 1964 1965 1966 1967 

Tanzania 
(Tanganyika & 
Zanzibar) 

Tractors -- quantity 
-- value 

All machinery -- value 
Total value of all imports 

432 
14.2 
26.0 

1208 

313 
14.8 
26.0 

1287 

281 
6.5 
11.0 

1264 

846 
19.5 
30.0 

1282 

596 
23.1 
40.0 

1231 

612 
21.5 
34.0 

1401 

n.a. 
n.a. 
n.a. 
n.a. 

n.a. 
n.a. 
n.a. 
n.a. 

Uganda Tractors -- quantity 
-- value 

92 
4.4 

100 
2.7 

61 
2.0 

240 
6.1 

397 
12.3 

202 
7.3 

6 24h h 15 
.7h 

n.a. 
n.a. 

All machinery -- value 12.0 2.8 4.0 11.0 20.0 14.0 37.6 n.a. 

Total value of all imports 729 . 743 734 865 918 1144 n.a. n.a. 

(Where not otherwise stated) United Nations, VTade VeaA Book (Rome: Food and Agricultural Organization)
Source: 


Vol. XVI (1962), pp. 35-6; Vol. XVII (1964), p. 31; Vol. XVIII (1965), p. 55; Vol. XX (1966), p. 345 & pp. 400-414.
 

a. Data supplied by FAO Resident Representative in Addis Ababa.
 

b. Not available during course of the Study.
 

c. All values in U.S. $100,000.
 

d. Imperial Ethiopian Government, St Liztcat Abitact, 1966 (Addis Ababa: Central Statistical Office, 1967), 

p. 110.
 

e. Machinery only -- does not include tractors.
 

Republic of Kenya, Ministry of Economic Planning and Development, Statistical Division, Ke Stati.~tcat
 

Vige6t (Nairobi: Government Printer, 1968).
 
f. 


g. Federal Republic of Nigeria, Federal Office of Statistics, Nige)ian Tade -Sunm,%j (Lagos: Federal Ministry of 

Information Printing Division, December, 1967), p. 134. 

h. Republic of Uganda, Ministry of Planning and Economic Development, Statistical Division, 1967 Sta..Wt at
 

Ab t~act (Entebbe: Government Printer, 1967), p. 23.
 

i. Interpolated.
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FIGURE 1.2 	 Indices of Agricultural Machinery Importations
 
in Nine Equatorial African Countries
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Ethiopia There has been a substantial increase in tractor imports but
 

tractors comprise a diminishing proportion of total agricultural machinery
 

imports which have increased slightly.
 

Gambia There has been a slight decline in agricultural machinery im

ports relative to total imports; the number of tractors imported has declined
 

both in proportion to numbers in the country and in proportion to other
 

agricultural machinery.
 

Ghana Although fluctuating , the proportion of total agricultural mach

inery imports tended to be constant; tractor proportions substantially in

creased with a tremendous boost in 1961. 

Ivory Coast The relative value of agricultural machinery to other im

ports has remained fairly constant. 

Npnva Agricultural machinery imports have gradually increased in rela

tion to total imports, with a gradual increase in both the number of tractors
 

imported and their proportion in total agricultural machinery imports. 

Nigeria The relative proportions of both tractor and all agricultural
 

machinery importp have remained at a constant low level among total imports;
 

tractor imports ranged from about one-half to two-thirds of the total value
 

of agricultural machinery imports.
 

Senegal The relative proportion of agricultural machinery imports to
 

total imports remained fairly constant at a low level; there was a sub

stantial increase in the value of tractor imports relative tu the value of
 

total agricultural machinery imports.
 

Tanzania Agricultural machinery imports remained a fairly constant pro

portion of total imports; tractor proportions of agricultural imports in

creased.
 

Uganda Agricultural machinery remained a fairly low percentage of total
 

imports, tending to decline slightly; tractor imports we'e a substantial pro

portion of total agricultural machinery imports.
 

Selected Data on Engine Power
 

The schemes used to introduce tractors and engine-powered implements into
 

the different countries have met with a variety of experiences. Most of the
 

schemes were government sponsored; some isolated cases involved private enter
30
 

prise.
 

Selected data on tractor operational costs are presented in Table 1.7.
 

They are presented in tabular form for conciseness but not for exact compari

son. They are, in fact, taken from a variety of agricultural conditions and 

30

The vast reservoir of skill, knowledge, and productive potential which 

lies dormant in the private sector of the economy is emphasized in the report 
of the President's Science Advisory Committee, The Wo d Food Ptoblem, Vol. I, 
p. 36.
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types of schemes experienced during different working years and using differ

ent types of equipment. With the paucity of economic data on mechanization
 

in Equatorial Africa this remains the best available information on tractor
 

costs for comparing the experiences of different countries. Rough comparisons
 

are permissible and small adjustments have been introduced to make the cost
 

structures slightly more compatible. However, variability in methods of cost

ing and the difficulty of putting data from different countries into a com

parative basis make almost meaningless any attempt to relate capacities for
 

similar operations in different countries.
 

Becauee these data are from widely scattered sources, accuracy is open
 

to question and the lack of statistical significance in most cases leaves
 

some doubt regarding the validity of general conclusions. Nevertheless, it is
 

from these data and from similar information on field operational capacities
 

that general conclusions are being drawn for future planning for lack of more
 

systematic information. The need to e> tabYh woldkg p4ocedwLea4 ooL cod
i.n opeAzaona data and the consciencioua effot o thoae involved in %eco'd
keeping and coat o.ccountin cannot be ovuernphasized. Furthermore, cost 
estimates must be brought up-to-date frequently in order to accommodate price 
changes in expendable inputs and to relate operational costs to fluctuation 
in the prices of produce, especially in the export market. Depreciation
 
charges vary widely and usually are correlated negatively to the number of
 

annual operating hours for the tractor; this is an important factor in re
ducing the total operating costs for tractor operations.31 In a number of
 

cases operating hours were used as recommended by the manufacturers despite 
the fact that tractors are seldom used to full capacity in Africa. To cal
culate depreciation costs on a fictitious basis is misleading; attempts must 
be made to determine the actual number of working hours and the costs of oper

ating agricultural machinery in particular situations. 

The data presented in Table 1.7 cover only a few isolated cases in each 
country. Cost items shown are roughly comparable. Data from most private 
farmers were not included because of a general failure to include administra
tive costs, but the two included private contractors in Kenya provided useful 

information. 

Comparison of similar operations in different countries invites questions 
about the differences in costs. Such questions can be answered only by ca/e
du compa/utie atude.z on the na Ae and condition6 oS opelt.tona and, at 
the Aame time, atandoAdizing coatng ptoceduie a4 cto ety " poaLbte betveen 
the coutAi.4. 

31
N.D. Wadhwa, "Improving of Efficiency on a Mechanized Farm", The
 

Ghana Faome, Vol. IX, No. 4, November, 1965, pp. 156-80. 

2-20
 

http:operations.31


The data so far under discussion represent, despite their broad sweep,
 

a rough approximation of only about 3 to 4 percent of the entire agricultural
 
32 


area of the countries from which they have been derived. The data on hand

and animal-powered farming come from a variety of case studies, independent
 

and scattered observations of small-scale farmers. Despite the overwhelming
 

numbers of small farmers, it is impossible to obtain a whole picture of any
 

pattern of agriculture from the data available: the data are spotty and in

complete. HoweveA, tha zecto o6 ag..cuttuu is 6o Zoge .tat it c-annot be 

ignored. 

Selected Data on Operating Hand and Animal Power 

It is not easy to bring together comparable data on the farming opera

tions of the small farmer. In the areas where hand labor is traditional much
 

of the production data are given in terms of total labor requirements for
 

each of the crops. From such information, the relative costs of production
 

for different crops can be estimated in terms of total man-hours, but it is
 

difficult to make comparisons between different operations within the pro

ductive process. Also, in a hand-labor economy it is the work potential of
 

the total family which indicates the capabilities of the farm unit rather than
 
33 


the total number of persons in the farmer's family. Thus, despite the
 

possibility of establishing an average for observations, actual cultivation
 

capacities vary widely between local families.
 

The data presented in Table 1.8 are all drawn from Nigerian sources.
 

The first four cases are from comparative experiments conducted by Shambaugh
 

under experimental conditions. The fifth and sixth cases have been taken
 

from Laurent's study of fanning in northern Nigeria where the use of oxen has
 

expanded quite dramatically:
 

Between 1945 and 1956, the number of 'mixed' farms (those
 
having oxen) increased from 2,400 to 15,000 and by 1965 there
 

34
 
were an estimated 36,000 such farms.
 

321t has been estimated that the total agricultural area under tractor 

cultivation in Ethiopia amounts to about 3 percent of the total agricultural 
area of the country. (Institute of Agricultural Research, A Putim-nmy SuJ
vey o6 Meczanized Fautm6 in Ethiopia.) In the case of Kenya the majority of 
tractors on private lands are employed on large scale farms which comprised 

4.6 percent of total agriculturql land in 1966. Republic of Kenya, Ministry of 
Economic Planning and Development, Statistics Division, StztL6ticat Ab6t~act 
1967 (Nairobi: Government Printer, August, 1967), pp. 72 and 79. 

3 3C.J.N. Gibbs, An Econor ic Study 6 ThVvee Vi.Ae6 in BauLcJhi Pnovince 
(mimeographed) (Samaru, Nigeria: Ahmadu Belle University, Institute for Agri
cultural Research, Rural Economy Research Unit (RERU), August, 1968), pp. 10-12. 

34 C.K. Laurent, "The Use of Bullocks for Power on Farms in Northern 
and Sone0otgY, Vol. III, No. 2,Nigeria", .ttabt o6 Ru a Economic 

October, 1968, p. 235.
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TABLE 1.7 
 SELECTED DATA ON TRACTOR OPERATIONAL COSTS IN FIVE EUATORIAL AFRICAN COUNTRIES
 
Description of 
tractor Ethiopia 


_ _n_
operation and costs
 

(Item) 1 2 3 
 4 5 6
 

Year of operation 1967 1967 
 1967-9 1967-8 
 1964-5 1964-6
 
Tractor size
 
(engine h.p.) 50-60 h.p. 
 50-55 h.p. 50-55 h.p. 
 50 h.p. 35-40 h.p. 35-40 h.p.

Operational hours
 
p.r tractor per year 1500 
 750 1400 1600 
 729 
 1137
 

Running Costs 
 -
 -Dollars per hour and percentage of running costs
$ % $ B % %$ $ $Fuel, oil and grease 0.83 32.2 0.52 22.60 0.97 
 39.8 0.69 46.3 
 0.47 20.9 0.34 
 23.1
 

Spares, repairs and
 
maintenance 0.66 25.4 0.57 24.9 
 0.56 22.9 0.27 
 18.1 0.55 24.4 0.34 23.1
Driver'b wage 0.72 
 27.7 0.40 17.3 0.19 
 7.8 0.19 12.8 0.46 20.5 
 0.30 20.5

Total cirect coas 2.21 85.3 1.49 
 64.8 1.72 70.5 
 1.15 77.2 1.48 
 65.8 0.98 66.7
uepreciation 0.38 
 14.7 0.81 35.2 0.72 29.5 0.34 
 22.8 0.77 34.2 0.49 33.3
Total running costs 2.59 100.0 2.30 100.0 2.44 
 100.0 1.49 100.0 2.25 100.0 1.47 
 100.0
 

-.-.-.. . Dollars and percentage of total costs- - . . .-

OLerhe.d Costs $ % $ % $ %$ % $ % $ % 
Supervlion and 
aiministration costs  - 0.40 14.7  - 0.22 9.0 1.73 43.5 1.11 43.0Intterest a.ud insurance 0.02 0.7 
 0.02 0.7 0.32 
 11.6  - -
Travel costs 0 .31 10 .6 b 
.. .. 0 .75 30 .5 - -
Total overhead 0.33 11.3 0.42
Total 15.4 0.32 11.6 0.97 39.5 1.73
co~ts 43.5 1.11 43.0
per
 

operational hour 
 2.92 100.0 2.72 100.0 
2.76 100.0 2.46 100.0 3.98 100.0 2.58 100.0
 

Notes
 

a Estimated 
from available information, data not specifically stated.
 
bTransport costs based on 50 
percent of total 
running costs.
 



TABLE 1.7 continued 
Description of tractor Kenya Nigeria Tanzania 

operation and costs 
(Item) 7 8 90 1 

Year of operation 1965-6
a 

1965-6
a 

1967-8 1966-7 1967 
Tractor size 6 x 55 h.p. a a 
(engine h.p.) 1 x 35 h.p. 55 h.p. 56-8 h.p. 40 h.p. 35-58 h.p. 
Operational hours 
per tractor per year 1500 804 772.4 535 600 

RunninR Costs - -Dollars per hour and percentage of running costs------------ -----

$ Z $ % $ S $ % 
Fuel, oil and grease 0.89 45.2 0.84 34.0 0.94 20.8 0.46 15.5 1.34 48.9 
Spares, repairs and 
maintenance 0.24 12.2 0.35 14.2 0.92 20.3 0.49 16.5 0.46 16.8 
Driver's wage 0.28 14.2 0.47 19.0 1.21 26.8 1.06 35.7 0.35 13.8 

Total direct costs 1.41 71.6 1.66 67.2 3.07 67.9 2.01 67.7 2.15 78.5 
Depreciation 0.56 28.4 0.81 32.8 1.45 32.1 0.96 32.3 0.59 21.5 

Total running cost 1.97 100.0 2.47 100.0 4.52 100.0 2.97 100.0 2.74 100.0 
-------- - - - - - -- Dollars and percen age of total cost-----------

Overhead Costs $ $ % $ % $ % 
Supervision and 
administration costs 0.40 15.8 0.56 18.5 0.64 12.4 0.47 13.5 0.17 5.1 
Interest and insurance 0.16 6.3 - - - - 0.04 1.2 0.43 12.9 
Travel costs - - - .- -
Total overhead costs 0.56 22.1 0.56 18.5 0.64 12.4 0.51 14.7 0.60 18.0
 
Total costs per
 

operational hours 2.53 100.0 3.03 100.0 5.16 100.0 3.48 100.0 3.34 100.0
 

(For column identification, see next page.)
 



Column number
 

1. 	Awash Valley Authority, Middle Awash Settlement Scheme, cost estimates based on operating four wheel
tractors.
 

2. 	Cost estimates employed by the Institute of Agricultural Research, Addis Ababa.
 

3. 	Tendaho Plantations Share Company, cost estimates based on operating 50 wheel-tractors.
 

4. 	Government of Ghana, Ministry of Agriculture Transport Division, cost estimate based on operating
 
892 wheel-tractors.
 

5. 	Sabatia Settlement Complex, cost estimates based on operating five wheel-tractors. International
 
Bank for Reconstruction and Development, Permanent Mission in Eastern Africa, Ag9ticutwuae Meczani
zation iZnEast A6,ican Cout'.Le, Table 4A. 

6. 	Eburru Settlement Complex, cost estimates based on operating five wheel-tractors. Ibid.
 

7. 	Private contractor, cost estimates based on operating 6x55 h.p. wheel-tractors and 1x35 h.p. wheel
tractor. Ibid., Table 6B.
 

8. 	Private contractor, cost estimates based on operating one wheel-tractor. Ibid. 

9. 	Ministry of Agriculture, Tractor Hire Service, cost estimates based on operating 50 wheel-tractors
 
on basic tillage and planting operations. C.M. Downing, Tractot HiAe Se vice Repoxt and Eva.u&a
tion, Financ.a. VeaiL 1967/68 (mimeographed) (Nairobi, Ministry of Agriculture, October 18, 1968)
and 	C.M. Downing, Wflea.t. Cu~t uction Tizat, O-oseo6 1967-6S (mimeographed) (Nairobi, Department 
of Agriculture, April 16, 1968).
 

10. 	Ministry of Agriculture and Natural Resources, Tractor Hire Units, cost estimates based on five
 
Tractor Hire Units serving 75 farmers in western Nigeria. Malcolm J. Purvis, op.ci.
 

11. 	 Cost estimates based on cotton block farms operation for 1967. "G. H.", Notes oi Coatings os Cot
ton SBordz CuiZtiat&jiz, TalzaaL~a (mimeographed), Report to Ministry of Agriculture by Massey 
Ferguson Company (January 1967).
 

http:Cout'.Le
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TABLE 1.8 SELECTED COMPARISON OF HAND-. OXEN-. AND MACHINE-CULTIVATION PRACTICES 

1 2 3 4 5 6 

Type of Implement Short handled 4 h.p. rotary 50 h.p. tractor and One pair of oxen with ridging 
hoe cultivator 2-row power take-off cultivator plow 

(5.6 meters (1.8 meters wide)
 
wide)
 

Rate of operation 6.08 km./hour 10.08 km./hour 0.81 hectares per 8 hour day
 
(first gear) (second gear)
Hours per hectare 43.19 4.65 0.89 0.54 9.88 9.88
 

Hectares per hour 0.023 0.22 1.13 1.82 0.101 0.101
 
Wage rate per hour ($) 0.07 0.088 0.117 0.117 0.07 0.07
 
Operator 1 hand-laborer 1 driver 1 driver 1 driver 1 plow man 2 plow men
 

--------------------------dollars per hectare
 
Operating costs 

(per hectare) 

Fuel 
Repairs, maintenance 
and depreciation 
Wages 

-

-
1.22 

0.41 

0.39 
0.16 

0.19 

0.42 
0.04 

0.08 

0.25 
0.03 

-

3.25 
0.69 

-

3.25 
1.38 

Total operating costs 1.22 0.96 0.65. 1 0.36 3.94 4.63 

- - - - - - - -------------- dollars per hour - -............................ 
Operating costs (per hour) 

Fuel - 0.22 0.59 0.36 
Repairs, maintenance
 
and depreciation - 0.21 1.16 1,16 0.33 0.33
 
Wages 0.07 0.08 0.12 0.12 0.07 
 0.14
 
Total 0.07 0.51 1.87 1.64 0.40 0.47
 

Column number
 

1/2/3/4 T.J. Shambaugh, CompatL6on o6 Hand- and Machine Cutvat. on Co6/t (mimeographed) Special Report No. 64-5,
 
(Maiduguri, Nigeria: Industrial Development Center, September, 1964). These are specially designed field
 
tests rather than observations of actual farming practices.
 

5/6 C.K. Laurent, op. Cit., pp. 244-5.
 



Taken from approximately the same farming area, these sets of data are useful 
in illustrating that cultivation costs are low for hand- and animal-powered
 
cultivation when compared on an hourly basis with engine-powered operations.
 
In contrast, since engine-powered equipment is able to operatc much more
 
rapidly'iver a given area, engine-powered equipment appears lower on the basis
 
of costs per unit area of operation. However, this comparison lacks strict
 
validity since the 6aieA uain9 oxen ha6 to coveA att dep'teciation and maiLn
tnan e coht6 6o& animaLt and equipment ovet the entiALe zeazon, wheJeaa tmac
to&opeutaon ame chaged on.y 6o% depeciaxtion and maintenance oveAL the time 
taken 6o the pakticuta4 opeu ton, assuming an efficient total working life 
for the tractor of 5000 hours. No, is this kind o6 ctyD, on U.6eitu&tty 

6ut wthout 6ome indicationo the economic 'Wuna which can be e'pected dtom 
each type o cu.tivation, and the area restrictions on cultivatin for the 
different systems.
 

In considering the small farmer with hand- or animal-powered equipment,
 
it is important to realize that capital acquisition costs are the main crite
rion in determining whether it can be economically possible for him to move
 
into a form of engine-powered technology. The use of engine-powered equip
ment is only economical if it can be used efficiently throughout its working
 
life in order to spread depreciation (amortized acquisition costs) and main
tenance costs over a substantial increase in the volume of production. There
 
is a maximum limit to the area which any farmer can cultivate by hand or
 
animal power; in contrast, the minimum limit below which engine power is 
un
economical is generally a larger area than most small farmers can acquire or 
manage. The availability of time is generally a less critical factor than the
 
availability of capital or land; 
or where land is not scarce, increasing the
 
area of land frequently creates management problems beyond the skills of the
 
small farmer co handle. Thus, costs on a basis of time tend to be more sig
nificant than costs 
on the basis of unit area in considering the choice of
 
cultivation practices open to 
the small farmer, even though timeliness of
 
cultivation may be less certain.
 

With those general constraints on the small farmer of capital availabil
ity, size of operation, and management ability, the lower cost of hand- and/or
 
animal-powered equipment is significant in inhibiting change to an engine
powered technology. Where engine-powered equipment can overcome problems of.
 
timeliness, or bottlenecks in the productive processes to permit the small
 
farmer to expand the size of his operation, then the constraints of capital
 
and management ability can be overcome by making available appropriate equip

ment and management assistance. 
Hence, there emerges in certain situations
 
the rationale for tractor-hire and block farm schemes with appropriate ex

tension services.
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Additional data are available which further illustrate that hand- and
 
animal-powered farming are not always the least expensive or 
the most econ
omical modes of farming under African conditions. 35 Operational tractor
 
capacity keeps the costs of tractor cultivation substantially lower than cul
tivation by other methods. However, such data must be related to the economic
 
returns of crop output prior to the decision-making process of economic plan
ning and farm management.
 

The conclusion is invited that employing tractor power is economical, but
 
caution must be exercised in generalizing from such cases as these. The under
lying assumption in this example that hand labor costs about $0.12 per man
hour is valid only ifa worker has to be hired or a self-employed farmer has
 
a positive opportunity cost approaching this value. In many cases there is no
 
alternative employment for the small farmer so the opportunity cost for his 
own hand labor approaches zero. Therefore, an imputed value for labor such as 
in this example may lead to invalid generalizations. 

In several parts of this report data is presented which is based on im
puted labor values. No attempt has been made to determine whether or not the 
assumed cost of hired labor reflects the marginal productivity of the worker. 
The data is presented in terms of actual wages paid by responsible employers 

in the area in which the observations were made. Where comparisons are made 
between similar operations in different areas two reservations must be made 

with respect to such data: 
1. That the imputed vatue o6 £abor vaAiZe6 ignificantey between difZaznt 

areas witJn a county, and between coun~t;zs; and 
2. That theAe 46 considezabte difZene be tween te aetuat co.st to luZe 

£abot and t1te cos6t 06 a a~mneA and IUA famity's tabor on theit own farm. 
Having recognized that a local going wage rate does not usually reflect the
 
cost of labor for a given operation in a given area for the majority of small
 
farmers, the problem of selecting an appropriate wage rate remains. The ne
cessary information available directly to the 
team was that from individuals
 
who were actually paying wages. 
These rates have been used and statements
 
giving the source of the information have been included with the data.
 

Objectives of the Study
 

Contributions to the preparation of this report have originated from the
 
Agricultural Engineers, the Agronomist and the Agricultural Economist. 
 The
 
following objectives have guided the work of the Team in their individual
 

3 5
V.A. Oyemga, "Comparative Costs and Tm.! !equired to Plant and Fer
ziliza One Acre of Groundnut, by Hand, Bullock-drawn Planter and Tractor Plan
ter in Ghana in 1959", Ag'tcuZwtae in NMget'a (Rome: Food and Agricultural
Organtzation of the United Nations, 1967), Table 11.2, p. 277.
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avproaches from the standpoint of their separate disciplines:
 

1. To identify and analyze farming methods now followed and the types
 

of tools and equipment now.used;
 

2. To identify the factors or conditions favoring or hindering various
 

forms of mechanization;
 

3. To make an economic appraisal of the problems inherent in selective
 

mechanization in the areas studied;
 

4. To identify specific agricultural engineering problems requiring
 

attention and suggest related research; and
 

5. To develop a series of generalizations as the basis for planning
 

selective mechanization programs.
 

Equatorial Africa is on the verge of rapid expansion in the use of all
 

forms of improved mechanical power. The path ahead undoubtedly will be marked
 

with both false starts and encouraging successes in mechanization and other
 

agricultural innovations. Both failures and successes should be studied ob

jectively to avoid the former and to insure the latter.
 

Methodology
 

The presented data and discussions have eminated from field work, pub
lished and unpublished research and correspondence with other workers in the
 

field. The field work, in which the Agricultural Engineer and the Agrono

mist were involved in Africa for about a year and a half, joined by the Econo

mist for a shorter period of a little less than a year, constituted Phase II
 

of the Study. During Phase II the Team members worked closely with African
 

farmers, agricultural officials, planners, economists, sociologists, anthro

pologists, educators and others assigned to local government or foreign tech

nical assistance programs.
 

An indispensable part of the Study was firsthand experience In the field
 

of a selected number of mechanization endeavors. Such knowledge cannot be
 

gained in any other way and it affords the opportunity to discuss and exchange
 

information with professional persons directly involved in the process of
 

agricultural mechanization. Such experience generates caution against general

izatinms from isolated observit,.ons or sources of information; moreover, such
 

direct participation helps the investigator examine the validity of any gener

alizations. The methodology of the Study was substantially one of gathering
 

information and critically examining the actual personal experiences of rele

vant individuals. 

Two countries were selected for depth studies: Ethiopia and Ghana. Since
 

the Team members resided in Addis Ababa they became more familiar with the
 

agriculture of Ethiopia. In addition, easy access to rural areas facilitated
 

by available transport and contacts through the lnstitute of Agricultural
 

Research, the USAID mission and other technical assistance agencies, allowed
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more specific observations and collection of data possible in Ethiopia. Five
 

study sites were selected in Ethiopia (Figure 1.3)36 and these circumstances
 

partially influenced the methodology of the Study in the data presented to
 

represent different farming systems. The method of approach to each farming
 

system has been to employ the experience and data from the Ethiopian situa

tion as a point of departure to compare and contrast the situation in other
 

countries.
 

The mechanization of Equatorial African agriculture involves two pairs
 

of parallel and simultaneous lines of approach, inseparable in the process of
 

working out policy recommendations. First, there is the soco-technical line 

of introducing a mechanized agricultural technology either through the medium
 

of large-scale commercial agricultural enterprises or through attempts to
 

modify the traditional technologies of small-scale farmers who have organized
 

the productive processes of their farms to meet their families' needs. These
 

extended families are large, their members usually live in close proximity,
 

and often have been in the same locality for many generations. The needs of
 

all members of the family are a vital concern to the small farmer and have
 

great influence on the way he organizes his farm. Second, there is the polit

ical-technical line of introducing a mechanized technology into the patterns
 

of national agricultural through the development of both national agricultural
 

policies, having the objective of improving national agricultural productivity,
 

and international (regional) agricultural policies, having the objective of
 

sharing research facilities and knowledge.
 

Recommendations and guidelines are presented in Part 1, the first ten
 

are related to the development of national policies for agricultural mech

anization. There are corresponding guidelines which relate to the social and
 

technical details of implementing the recommendations. Recommendation XI is 
specifically related to the development of regional cooperation and Guideline
 

XI contains more specific details for the development of such international
 

cooperation. Recommendation XII and its accompanying guideline are related to
 

the development of textbooks to improve the fund of available knowledge on
 

African agriculture, a regional approach to the problei is also incorporated
 

in these.
 

36Maps of each country (Figures 1.3 to 1.6) are included at the end of
 
Chapter I. Each map shows the capital, some of the country's principal towns,
 
rivers and railways, and the areas of work visited by the Study team.
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FIGURE 1.3 Five Selected Study Sites in Ethiopia ach study silte 
represents a system of agriculture utilizing a different
 
level of mechanization. Agnale: village close to the 
Pokwo mission station, the least sophisticated hand
tool system; Asella: the principal town in the Chilalo 

Awraja, an area in transition between animal- and engine
powered agriculture; Amibara: the Middle Awash Settle
ment Scheme employing hand labor and engine-powered imple
ments; Tendaho: a large-scale commercial plantation em
ploying hand labor and engine-powered equipmLiiL; Setit-
Ilhrnera: large scale private entrepreneujs employing hand 
labor and engine-powered equipment.
 

2-30
 



- -

GHANA. 

1. 
2. 

3. 
4. 

5. 

6. 
7. 


8. 

9. 

10. 


12. 

13. 

14 .
 
15. 

16. 

17. 

18. 

19. 


Lawra 
Tumu
 
Navrongo
 
Bolgatanga
 
Bawku
 
Garu 

White Volta 

River
 

Tamale 

Danongo
 
Black Volta
 
River
 

Tano River 

Ejura

Kumasi 
Lake Volta
 
Akosombo 

Volta River 

Accra
 
Cape Coast
 

IVORY COAST
 

1. Korhogo
 
2. Man
 
3. Bouake
 
4. Daloa R 
5. Yamoussoukro
 
6. Abengourou 
7. Bandama River
 
8. Comoe River
 
9. sassandra 


10. Abidjan
 
11. Grand-Bassam
 

G;HANA 

. , 

J ,. 

/'' I - •V 
2
 

1 (_/,, r
 
2.
 

""
 

I'IY LLAN-T 

Figure 1.4 	Maps of Ghana and Ivory Coast Maps show principal towns, rivers,
 
railways and areas visited by the Study team.
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IT n,PIA 
1. Lake Rudolf 

2. Wajir
 
3. Kitale
 
4. Kisumu
 
5. Nakuru
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3. Kano 7. Lake Chad 11. Lagos 15. Port Harcourt
 
4. Zaria 8. Maiduguri 12. Benin City 16. Calabar
 

Figure 1.5 Maps of Kenya and Nigeria Maps show principal towns, rivers,
 
railways and areas visited by the Study team.
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Figure 1.6 Maps of Senegal and Gambia, and Tanzania Maps show principal towns, 
rivers, railways and areas visited by tile Study team. 
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CHAPTER II
 

GENERAL DESCRIPTION OF PRESENT FARMING SYSTEMS
 

IN SELECTED EQUATORIAL AFRICAN COUNTRIES
 

Introduction: Interrelated
 

Factors of Mechanization
 

The process of agricultural mechanization requires incremental introduc

tions of capital into the production function. Basically, the agricultural
 

production function combines land, labor and capital in a manner supervised
 

by the farmer acting in his role as manager. The nature of changes in the
 

production function depends on the intended function of the newly introduced
 

capital.
 

Capital invested in labor-saving equipment becomes a substitute for labor
 

and is considered a labor-saving technological change. Conversely, agricul

tural equipment which facilitates improved cultivation without displacing man

power, becomes a substitute for land, therefore a land-saving technological
 

change. A change involving capital as a substitute for neither land nor labor
 

is a neutral technological change. This latter form of change can raise the
 

level of productivity of all factors.
 

Comprehension of the effects of mechanization and the possibilities for
 

successfully effecting such changes requires a full description of the systems
 

of farming into which the :hanges of mechanization may be introduced. This
 

chapter describes examples of the systems studied during the course of field
 

observations in Equatorial Africa.
 

Each system discussed may be considered as the basis for subsequent model
 

building. Three broad categories of farming systems are identified although
 

it is not always easy to maintain a strict division between the systems. Dif

ficulties are created by examples being taken from contemporary dynamic situ

ations themselves caught up in the process of change. These three categories 

are: hand-powered agriculture, animal-powered agriculture and engine-powered
 

agriculture.
 

In addition to the immediately apparent technology incorporated into the
 

socio-economic agricultural system, there are also critical ecological factors
 

of climate and soils to be taken into account. A brief introductory section
 

on soil and climate observation :,;.,d in Ehtopia precedes the dUtiCrlpc..Jn of , 


selected farm systems. Thes. data are tirited tu ictua, aoervaLin.; n. the
 

study iites in Ethiopia only: tliey .,.rv to .emons.r.:. e .g,: . ,. CO 

be taken into account in (?i.vvL,,pn4 ny prop,,-al's io ,;i!n.miizat[on .cI'e..c,,. 

i'eciL .'.$ ton 1-6 a. ,tor n, ,Las! g t;ctltu ral |,roduc
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Umitng 6ac.to for increasing crop production. The coat o6 any new mech

anization system mut be met pZmi aLy by the vatue o6 the inc.eoe in cAop 

p'wduC on iwtWng Dwm using the new -y6tem. This means that rainfall or 

irrigation must be adequate for increases in crop production; it also implies
 

that the potential productivity of the soils is adequate to produce larger
 

crop yields. Both of these ecological factors are assessed for the intensive
 

study sites in Ethiopia.
 
1
 

Rainfall at the Ethiopian Study Sites


Average annual rainfall, elevation, and dominant soils are listed for the
 

five study sites in Ethiopia in Table II.I. The 900 to 1,000 mm. of annual
 

rainfall at the Pokwo site (Agnale Village) appears adequate for at least two
 

rain-fed crops a year of maize (corn), grain sorghum and edible beans and peas.
 

Proximity to the Baro River guarantees a good irrigation potential but so far
 

no irrigation has been practiced. At the CADU site, the 700 to 1,000 mm. of
 

annual rainfall seems adequate for the production of rain-fpd wheat, barley
 

and edible beans and peas. The annual rainfall of 350 to 450 ml. at Amibara
 

is not sufficient to grow any rain-fed crop, but proximity to the Awash River
 

makes irrigation potential satisfactory. With irrigation, cotton production
 

has been very successful, and maize (corn) serves as a good food grain for
 

use by the Afar (Danakil) people for whom the Middle Awash Settlement Scheme
 

(Amibara) has been planned. At the Setit-Humera site, the 500 to 700 mm. of
 

annual rainfall seems to be adequate for one rain-fed crop a year of cotton,
 

grain sorghum and sesame.
 

TABLE II.1 AVERAGE ANNUAL RAINFALL, ELEVATION, AND DOMINANT SOILS AT
 
FIVE E HIOPIAN STUDY SITES 

Average
 
Study Annual Dominant
 
Site Rainfall Elevation Soils
 

millimeters meters
 
Pokwo Silty and clayey alluvium
 
(Agnale Village) 900 to 1,000 1 800 from Baro River
 

Chilalo Agricul- Dark brown clays developed
 
tural Develop- 700 to 1,000 2,000 to from calcareous lava and
 
ment Unit (CADU) 2,500 bedrock; some red, acid
 

clays
 

Amibara 350 to 450 750 Silt loams and clay loam
 
alluvium from Awash River
 

Tendaho 100 400 Silty and clayey alluvium
 
from Awash River, some
 
saline
 

Setit-Humera 500 to 700 500 to 700 Vertisols (deep, black,
 
I __ I Iresidual clays)
 

'Figure 2.1 shows average annual precipitation in the African continent.
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Figure 2.1 Average Annual Precipitation in Africa
 
Source: Nels M. Konnerup, "The Outlook for
 

Animal Agriculture in Africa", National Research
 

Dunctl. Agricultural Research Institute,
 

eeti.ng(Washington, D.C., October 10-11, 1966),
 
a
 

p. 137. (692217-3)
 

aNegative-number filed at Michigan State Universit~y Photographic
 

Laboratory, East Lansing, Michigan 48823.
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Soils at the Ethiopian Study Sites
 

From the air and soil, crop plants absorb 16 elements essen ial for growth
 

and reproduction of which 13 originate in the soil. All of the elements must
 

be available to the plant continuously in balanced form, and a deficiency of
 

any onieelement will limit plant growth. Plant growth may also be restricted
 

by either an excess or a deficiency of soil water or an excess of soluble
 

salts.
 

To assess the productivity potential of the intensive study sites in
 

Ethiopia, field descriptions of each site and of each soil profile were made on
 

standard forms, "SCS-232C-Soil Description, GPO 874130-352259". The number
 

of soil pits dug and the number of soil samples taken from the exposed profiles
 

for physical and chemical analyses are given in Table 11.2.
 

TABLE 11.2 NUMBERS OF SOIL PITS AND SAMPLES TAKEN AT 
FIVE ETHIOPIAN STUDY SITES 

Number of Soil Samples 
Study Site in Ethiopia Number of Soil Pits Taken and Analyzed 
Pokwo (Agnale Village) 6 19 

CADU 5 30 

Amibara 5 25 

Tendahoa n.a. n.a. 

Setit-Humera 13 84 

Total 29 158 
aSoil sampling and soil analyses at Tendaho Plantations were contracted 

to a commercial company in the United Kingdom. 

At the intensive study sites of Agnale, CADU, Amibara and Setit-Humera,
 

soil pits were dug measuring 1 meter wide, 2 meters long and 2 meters deep,
 

following the procedure recently recommended by the U.S. Department of Agri

culture.2 At each of the sites of the soil pits, study activities included:
 

1) Recording the topography, elevation, rainf 11, water table, crop or
 

other vegetation present, aspect, degree of erosion, permeability, presence
 

of salt or alkali, and the stoniness of the area and of the soil profile;
 

2) Describing the soil horizons and recording their depth, moisture con

tent, Munsell color designation, texture, structure, consistence, and calcar

eousness. Depth of rooting was also recorded; 

3) Taking soil samples from each recognizable horizon or at predeter

mined depth for physical and chemical analyses.
 

2 "Soil Sampling. Take samples from freshly dug p.ts and not frm road 

cuts. Where possible, dig the pit to at least 5 feetLO cR._/ and deeper
if necessary."
 

U.S. Department of Agriculture, So.U SuAvey LaboAatoy Mhod6 and' 
Puocedutez doa Cocte .g SoU Samp&e, Soil Survey Investigations Report 
No. 1, Soil Conservation Service (Washington, D.C.: U.S. Government Printing 
Office, 1967), p. 5. 
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The laboratory determinations made by the Institute of Agricultural
 

Research included: the percentaga of sand, silt and clay; acidity tests
 

(p1l);available phosphorus, organic carbon, total carbonates; and conductivity
 

(soluble salts).
 

Soils at Pokwo (Agnale Village)
 

Productivity potential of 19 soil samples from six soil pits in the
 

Pokwo/Agnale area is indicated in Table 11.3.
 

Rooting depth of 150 to 200 cm. is satisfactory; high to medium in soil
 

organic matter is favorable; soil textures of clay loam are not in any way a
 

deterrent to good crop production; slight to moderate acidity is favorable
 

for most crops; the high available phosphorus Is desirable; and a generally
 

low salt content is satisfactory for crop production. (Only on-s0-5 cm.
 

surface soil sample tested high in soluble salts; this was probably because
 

crop residues had been burned in a pile near the area sampled.) To swmarize:
 

the soils near Pokwo/Agnale, along the banks of the Baro River, are the most 

favorable for crop production of any soils tested from the study sites in
 

Ethiopia. (Figures 2.2 and 2.3.)
 

Sni1R at' CAMI 

The productivity potential of 30 soil samples from five soil pits in the
 

Chilalo Agricultural Development Unit are given in Table 11.4. In addition,
 

a soil test comparison is shown for a burned soil and an unburned one nearby.
 

Rooting depths are from 150 to 200 cm.; organic matter is from low to
 

high (very high in all surface soils); textures vary from loam to clay, aver

aging a clay loam; acidity varies from slightly acid to alkaline; available
 

phosphorus is from low to high; and salt content averages medium. There are
 

no limiting factors for crop production indicated by these analyses. (Figures 

2.4 and 2.5.)
 

Many farmers in the area burn black clay soils when preparing for a crop
 

following several years of fallow. 
As shown in Table 11.4, burning decreases
 

organic matter, makes the Bouyoucos hydrometer method of mechanical analysis
 

wrongly indicate a "loamy sand" iuatead of a "clay loam", makes a moderately
 

acid .oil neutral, and increases available phosphorus by 385 percent. The.6e 

teat6 indico.te .thatptobabey the pimaAy Amon do& bwu.Un the btack coaj 

60i . to.make the soi phosphowa mom A.adit ava.Wztbf. In the 20th 

Century, it would be more economical to apply phosphorus fertilizer.
 

Physical and chemical analyses have been made on 26 surface soil samples 

from C-
4 

l-1n Awraja (subprovince) by the late H.F. Murphy of Oklahoma State 

University, and he data pertinent to the Study follows in Table 11.5. 

2-39
 

http:indico.te


TABLE 11.3 PRODUCTIVITY POTENTIAL OF SOILS IN POKWO/ACNALE TO THE ROOTING DEPTH INDICATED (Av--rage of 19 soil 
samples from six sol pits.)
Soil 	 TVegetation
 

Profile Rooting Organic Soil Soil Available . Salt
 
-
 "
No. Depth Matter Texture Acidity- Phosphorus- (conductivity) Crop
 

C-M.
 
I 160 high clay loam moderately high high to low maize (corn)
 

acid
 
II 200 high clay loam slightly high low grain
 

acid to sorghum
 
neutral
 

III 150 high sandy clay slightly high low grain
 
loam acid 
 sorghum


IV 
 200 high 	 sandy clay slightly high low maize (corn)
 
loam acid


V 200 high to sandy clay slightly high low maize (corn)
 

medium loam acid
 
VI 200 high to clay loam slightly
 

medium acid high 
 low large trees and
 

elephant grass
 

aSoil organic matter ratings are: high, above 2.0%; medium, 1.0-2.0%; low, less than 1%. 

Soil acidity (pH) ratings: very strongly acid, 4.0-5.0; strongly acid, 5.0-5.5; moderately
 

acid, 5.5-6.0; slightly acid, 6.0-6.7; neutral. 6.7-7.2; weakly alkaline, 7.2-8.0; alkaline, P.0-9.0;

strongly alkaline, 9.0-10.0; excessively alkaline, 10.0-11.0.
 

CAvailable phosphorus (mg. of P205 
per 100 g. of soil) ratings: high, above 2.0; medium, 0.4-2.0;
 
low, below 0.4.
 

- 3
dSalt content (conductivity lxIO reciprocal mhos per cm.) ratings: 
 excessive, above 1.5;

high, 0.8-1.5; medium, 0.2-0.8; and low, below 0.2.
 



Figure 2.2 	 Pokwo (Ethiopia): Soil pit at the mission station
 
Along the banks of the Baro River the soils are the most
 
favorable for crop production of any soils tested from
 

study sites in Ethiopia. Maize (corn) growing in a
 
5
 

clay loam has a rooting depth of 150 to 200 cm. (AFR-75)


Figure 2.3 	Agnale village (Ethiopia): Soil pit 15 kilometers
 
downstream from Pokwo Soils are observed growing grain
 

sorghum. Very fertile clay loam soils have good potential
 

for growing tropical and semi-tropical crops. Communi

cations and distance from a potential market are serious
 

factors inhibiting the development of the area.(AFR-76)
 

aNegative number, filed in Agricultural Engineering Department,
 

Michigan State University, East Lansing, Michigan 48823.
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TABLE 11.4 PRODUCTIVITY POTENTIAL OF SOILS IN CHILALO AGRICULTURAL DEVELOPMENT UNIT TO THE ROOTING DEPTHINDICATED (Average of 30 soil sampls from five soil pits.)

Soil 

Profile Rooting Organic Soil 
 Soil Available 
 Salt Contentd Vegetation
No. Depth 
 Mattera Textur Acidityb Phosphorusc (conductivity) or Crop
 
Cm. 

I 150 high loam to weakly medium medium 
 onion/wheat

clay loam alkaline
 

II 190 low to 
 loam to neutral to low to high medium 
 wheat
 
high clay alkaline
 

I1 160 low to 
 clay loam neutral to medium medium 
 wheat
 
high 
 to clay alkaline
 

IV 200 low to clay loam 
 slightly low to 
 low to wheat
high 
 acid to medium high
 
weakly
 
alkaline
 

V 150 medium clay loam slightly low to 
 medium barley

to high to clay acid to 
 medium
 

neutral
 

Near Burned low loamy sand 
 neutral 18.45 
 medium barley

Profile 

V 
(0-15 cm.) Unburned high 3
clay loam moderately .81.(mg./lOOg. medium barley
I acid soil) 

aSoil organic matter ratings: 
 high, above 2.0%; medium, 1.0-2.0%; low, less than 1%.
 

bSoil acidity (pH) ratings: 
very strogly acid, 4.0-5.0; strongly acid, 5.0-5.5; moderately acid, 5.5-6.0;
slightly acid, 6.0-6.7; neutral, 6.7-7.2; weakly alkaline, 7.2-8.0; alkaline, 8.0-9.0; strongly rlkaline, 9.0
10.0; excessively alkaline, 10.0-11.0.
 

cAvailable phosphorus (mg. of P per 1100 g. of soil) high, above 2.0; medium, 0.4-2.0; low, below 0.4.
-
Salt content (conductivity lxlO reciprocal mhos per cm.)
2 ratings: excessive, above 1.5; high, 0.8-1.5; medium,
0. -0.8. and low. below 0.2.
 



Figure 2.4 	Asella (Chilalo Aura., Ethiopia): Black clay soils
 
Soils on which wheat or barley are usually grown are
 
shown here in a pit dug to a depth of 180 cm. The
 
soil here is deep and fertile. (AFR-147)
 

IN1I 

. . .. < - . . -_. 

Figure 2.5 	 Asella (Chilalo Awra., Ethiopia): Soil burning The
 
same fertile black clay soils shoun in Figure 2.4 are
 
usually burned at the time they are plowed, after lying.
 
follow for several years. Reasons offered for burning
 
are: (1) to destroy nod pieces and old roots, (2) to kill
 
insects, and (3) to increase fertility. Inputs such as
 
proper tillage implements, insecticides, and fertilizers
 
may replace soil burning. Research is needed on this
 
subject. (AFR-148)
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TABLE 11. 5 SOME PHYSICAL AND CHEMICAL PROPERTIES OF SURFACE SOILS FROM
3
 
CHILALO A1RA3A
 

Organic Available Available
 
Clay Matter Soil pH Phosphorus Potasslium
 

e rcent age of so i samples teat ing
 

Between Between Between Between
 
50% and 52 and pH 5.5 pH 6.5 Low High Medium
 
87% 13.5% and 6.4 and 7.1
 

62 73 82 18 100 82 18
 

Soil management problems that are indicated by these analyses are:
 

I. With such a high percentage of clay In so many soils, downward move

ment of water is likely to be slow, thus forcing more water to flow across
 

the surface of the soil and cause erosion; or to become impounded and delay
 

the planting of crops. Furtherr.ore, impounding of water causes '3sses of
 

soil nitrates by denitrification.
 

2. High percenages of organic matter are desirable for soil filth and
 

crop production.
 

3. So many soils below pH 6.4 would indicate a need for starting experi

ments on the use of lime, but with such a high clay percentage this would be
 

of doubtful value.
 

4. Low available phosphorus indicate that at least the bean crops
 

should respond to some form of phosphorus fertilizer. With so many cattle in
 

the area, bone meal probably would be the cheapest source of phosphorus to
 

use in experiments and demonstrations.
 

5. When 82 per cent of th6 soils test high in potassium and 18 per
 

cent test medium, it does not appear feasible to even consider the use of
 

any potassium fertilizers in experiments or demonstrations in the near
 

future.
 

Soils at Amibara
 

The productivity potential of 25 soil samples from five pits at the Ami

bars site are sumarized in Table IIl. 6. Rooting depths vary from 80 to 200
 

cm. and appear to be ecologically satisfactory for good crop yields. Organic
 

matter tests are from low to high and average slightly less than medium. Soil
 

textures vary from loan to clay loam; acidity tests range from weakly alka

line to alkaline; available phosphorus is high; and conductivity tests are from
 

3H.F. Murphy, FeALLt and Otheit Data on Some Et iopin $oit6, 
Experiment Station Dulletin No. 4 (Dire Daws: Imperial Ethiopian College
 
of Agriculture and Mechanical Arts, February, 1963), p. 40.
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TABLE 11.6 PRODUCTIVITY POTENTIAL OF SOILS IN AMIBARA SETTLEMENT AREA TO TIE ROOTING DEPTH LNDICATED
 
(Averaae of 25 soil samples from five soil pits.)
 

Soil Vegetation
 
Profila Rooting Organic Soil Soil Available Salt Contentd or
a b c


No. Depth Matter Texture Acid tv Phosohorus (conductivity) Crop
 

1 200 low to loam to weakly high high to cotton
 
medium clay loam alkaline excessive
 

II 160 low to loam to weakly high excessive cotton
 
medium clay loam alkaline
 

llI 190 low to sandy alkaline high medium to cotton
 
medium clay loam excessive
 

IV 170 low to loam to weakly high excessive cotton
 
high clay loam alkaline
 

V 80 medium sandy loam weakly high high to cotton
 
to silt alkaline excessive
 

aSoil organic matter ratings: high, above 2.0%; medium, 1.0-2.0%; low, less than 1%.
 

bSoil acidity (pH) ratings: ver trnnqly acid, 4.0-5.0; strongly acid, 5.0-5.5; moderately acid, 5.5-6.0;
 

slightly acid, 6.0-6.7; neutral, 6.7-7.2; weakly :11-mline, 7.2-8.0; alkaline, 8.0-9.0; strongly alkaline, 9.0-10.0;
 
excessively alkaline, 10.0-11.0.
 

CAvailable phosphorus (mg. of P205 per 100 g. of soil) ratings: high, above 2.0; medium, 0.4-2.0; low, below
 
0.4.
 

- 3
dSalt content (conductivity lxlO reciprocal mhos per cm.) ratings: excessive, above 1.5; high, 0.8-1.5;
 
medium, 0.2-0.8; and low, below 0.2.
 



medium to excessive. All test results apparently are normal for the production 
of most crops except for soluble salts which are dangerously high for salt
aensitive crops such as beans and most clovers. Salt-tolerant crops should be 

grown, end these include cotton and lucerne (alfalfa). Maize (corn) is grown 
on thee.; soils, but salt injury may prevent maximum crop yields during some 
years when irrigation water is not applied in adequate amounts to keep the salt
 

concentration in the soil 
at a low level. (Figures 2.6 and 2.7.)
 

Soils at Setit-11-era
 

The productivity potential for 84 soils from 13 soil pits spaced from 10
 
to 110 kilocetets south of the town of flumera 
are portrayed in Table I.7. 

Rooting depth is satisfactory, varying from 150 to 200 cm. The amount of
 

soil organic matter is in general redium, but is higher near Humera. All soil
 
textures are clay; almost all soil reactions are alkaline; available phosphorus 

tests are mostly mediun to low, with in occasional horizon testing high; and
 
the salt content ranges from medium to high at random depths at each soil pit
 

tesLed.
 

Six of the surface soils at Setit-Hutmers (0-15 c. depth) tested medium
 

in phosphorus and seven tested low. 
 These tests indicate that probably in

adequate phosphorus is the first limit on plant growth in Setit-Humera. More
 
soil tests and field experiments are needed to confirm this statement before
 

phosphorus fertilizer is recomended to the farmers. A medium test for organic
 

matter combined with the hot climate and a consequent rapid release of nitrogen,
 
does not indicate that nitrogen fertilizer would give much crop response.
 

(Figures 2.8 and 2.9.) 
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(ddle Avash Settlement. Ethiopia): Deep

Figure 2.6 Amibara Plains 


ibra Plains consist of alluvium from
claySoils on the 
the Awash River. The variation from deep clay to deep silt 

and clay loam is illustrated by comparing the deep clay 
loam shown
 

shown in this figure vith the deep silt. and clay 


in Figure 2.7. (AFR-156)
 

Deep
Avash Settlement. Ethiopia):
Figure 2.7 Amibars Plains (Middle 

This area receives 350 to 450 m.
 silt andclay loam 


from the Awash River
 rainfall annually but flood waters 


are used by pump irrigation for a single cropping 
season.
 

.- 157) 
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"ABLE II.7 	 PRODUCTIVITY POTENTIAL OF SOILS IN SETIT-HUXERA TO THE ROOTING DEPTH INDICATED (Averate of 84 samples from 13 pito.) 

Location of Rooting Organic LSoil Soil b Available Salt Content d Vegetation

a 
 c
Soil Profiles Depth Kutter exture Acidity Phosphorus (conductivity) or Crcp
 

Km. South of Numera cm.
 

10 150 mLdium to high clay alkaline medium to high not determined sesame
 

20 150 medium to high clay alkaline low not determined grain sorghum
 

30 200 medium clay alkaline medium not determined cotton
 

40 200 medium to low clay alkaline low to medium medium to high cotton
 

50 150 medium clay 	 weakly alkaline medium medium to high grain sorghum 
to alkaline 

60 180 medium clay 	 weakly alkaline medium medium to high sesame 
to alkaline
 

70 150 medium clay 	 weakly alkaline low medium to high grain sorghum
 
to alkaline
 

A. 	 80 200 medium to low clay alkaline low to medium medium to high sesame 

90 150 medium to low clay weakly alkaline low medium to high tall trees and tall 
to alkaline 	 grasses
 

100 180 medium to low clay neutral to low medium to high short trees and 
alkaline short grasses 

110 150 medium clay neutral to low to m.diu medium to high short trees and tall 
I I alkaline _ _grasses 

aSoil organic matter ratings: high, above 2.02; medium, 1.0-2.02; low, less than 1%.
 
bSoil acidity (pH) ratings: very strongly acid, 4.0-5.0; strongly acid, 5.0-5.5; moderately acid, 5.5-6.0; slightly acid,
 

6.0-6.7; neutral, 6.7-7.2; weakly alkaline, 7.2-8.0; alkaline, 8.0-9.0; strongly alkaline, 9.0-10.0; exceusively alkaline, 
10.0-11.0. 

cAvailable phosphorus (mg. of P2 05 per 100 g. of soil) ratings: high, above 2.0; medium, 0.4-2.0; low, below 0.4. 
-3

Salt content (conductivity lxlO reciprocal mhos per cm.) ratings: excessive, above 1.5; high, 0.8-1.5; medium, 0.2

0.8; and low, below 0.2. 

http:1.0-2.02


Figure 2.8 	Setit-Humera (Ethiopia): Soil pit 10 kilometers south of 

Humera Soils of the Setit-Humera area are remarkably uni

form in nearly all characteristics to a depth of at least 

2 meters; the crop is sesame. Annual rainfall averages
 

500-700 nm. The soil is a Vertisol clay which cracks 
as
 

it dries and has self-mulching properties as water is
 

absorbed. (AFR-6)
 

Figure 2.9 	Setit-Humera (Ethiopia): Soil pit 110 kilometers south of 

Humera Sesame crop among much weed growth with a satis

factory rooting depth of 150 to 200 cm. Yields are severely 

affected by weed competition and most farmers complain of 

declining yields after the second or third season. Self

these require minimum tillage for
 

good tilth but good weed control must be incorporated into
 

these cultivation practices. (AFR-536)
 

mulching soils such as 
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Case Studies of Hand-powered Agriculture
 

Three examples of hand-powered farm economies have been selected for 

description. The Agnale Village in southwestern Ethiopia on the north bank of
 

the Bars River, was one of the five study sites. Also, fairly comprehensive
 

information was made available of the systems in Upper Ghana and northern
 

Nigeria. The desrilption of each system is given in detail because the hand

labor economy is complex and the interrelationships must be carefully con

sidered in the light of mechanization possibilities. This complexity is due
 

to the fact that traditionally each unit mut produce sufficient to meet
 

its own needs, and in such a subsistence economy it is necessary to produce a
 

wide variety of agricultural commodities to insure against risks of failures.
 

Agnale Village. Ethiopia
 

The form of agriculture practiced in this area of southwestern Ethiopia is
 

the least sophisticated of all the areas studiled. The site was chusen for the
 

express purpose of providing a sharp contrast with the other sources of infor

mation on mechanization. 

Agnale is situated approximately 50 kilometers west of Gambela close to
 

the northern bank of the Baro River in the Province of Illubabor. The village
 

is about eight kilometers across country and some 15 kilometers down-river from
 

Pokwo where the American Mission Station is situatea. The only means of com

munication for the local people is by the extremely rough track into Gabela, 

with all gouds head carried. Gambela served the area as a river port for trade 

with the Sudan until this market closed. Now contact with potential markets 

is by air or by road through very rugged country. 

The entire area im fertile, watered by the river which floods during the 

rainy season, June through October. Crops are adequate except for a short
 

"hunger time" around the middle of the rainy season (May-September).
 

The Village and the People
 

The village, pleasantly shaded by tall trees, is situatnd close to the
 

river and above flood-water levels. There are about 20 families although no 
4 

census has been taken in the Gambels Awraja. The compound area is surrounded 

by a thicket hedge; each family lives in one or more grass-welled and thatched
 

circular houses.
 

Village elders reported a total number of 48 activdy working men and
 

boys who cultivate the fields on both sides of the river. (All boys over the
 

4 
lperial Ethiopian Government, Repo t on a SutveyJ o6 tubaboa Povinc 

National Sample Survey Report No. 11 (mimeographed) (Addis Ababa: Central
 

Statistical Office, June, 1968), p. 4.
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age of 12 work in the fields. Women and young children do little work except 

planting and harve-tlng.) According to the census eatimates made ir other 

parts of the province, an active population of 48 suggests a total po?ulation 

in the region of 142 to 150.
 

The people are Anuaks, a Nilotic people, and today most are Christian. 

Close contacts have been maintained between these Anuaks and workers from Pokwo 

since the mission station was established some 15 years ago. (Figure 2.10.)
 

Figure 2.10 Agnale Village (Ethiopia): Village group shelling =size 
Anuak village chief (center) in conversation with the 
Assistant Research officer (wearing cap). Maize ears are 
being shelled to estimate the yield for this crop. Maize 
stalks are chopped in field and laid down. Usually women 
and children gather the ears and shell the grain. (AFR-91) 

The Land and the Farm 

The people have been settled in the area for several generations. No
 

legal titles to the land exist other than traditional occupancy. The area Is 

intensively cultivated along the high banks of the river but the swampy hinter

land, which falls to a lover elevation, is left uncropped. 

Boys usually request a field to cultivate and all men continue in culti

vation until they become too feeble to work. Plot aizes range from 0.6 to 1.0 

hectares for maize (con) and from 0.6 to 0.8 hectares for sorghum. There Is 

no obvious division between fields and thnse worked by members of one family 

may be widely separated. L~nd is abundant and any request for a field is auto

matically granted after token ronaideration by the chiefs and elders.
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On the basis of the estimated plot sizes and the 48 active field workers,
 

the approximate size of the area ui.4er culivation may be estimated as follows, 

assuming that each worker can cultiv.ate oniy one field (1.5-1.6 hectares) each 

season. 
November-December planting:
 
48 plots of maize, 0.8 ha./plot - 38.4 ha.
 

48 plots of sorghum. 0.7 ha./plot - 33.6 ha.
 

Total 48 fields 1.5 ha./field 72.0 ha.
 

April-May Planting:
 

48 plots of maize, 0.8 ha./plot - 38.4 ha. 
48 plots of fallow, 0.7 ha./plot - 33.6 ha.
 

Total 48 fields 1.6 ha./field 72.0 ha.
 

Thus, the community at its present size is probably farming 72 ha. of
 

good quality land, slightly less than half lying fallow during April-August.
 

Crops and Cultivation Practices
 

1) Maize (corn)
 

The main crop is maize, two crops being grown annually, planted in Novem

ber and April. The local variety is open-pollinated with a growing season of
 

100 to 110 days. The maize is hcrvested when almost nature, i.e., when dented
 

and fairly hard. Maize forms the staple diet and the cultivation practices
 

are as follows:
 

a) Precultivation The fields are prepared during the dry season
 

prior to planting by clearing the old stalks and burning them. New fields may
 

be cleared of grass during this time. Immediately after the rainy season when
 

the waters have sufficiently receded, the soil is roughly broken by using their
 
5
 

only agricultural tool, the challa, a short wooden handled hoe (Figure 2.11)
 

in one hand and lifting weeds and roots with the other. No attempt is made to
 

turn over soil.
 

b) Planting The two planting seasons are in November and April.
 

April is almoat into the rainy season when only maize is grown. The men use
 

the challa to dig holes in two rows at a time in a zig-zag pattern, breaking
 

up the soil around each hole. The women-folk follow, dropping five or six 

kernels in each hole and covering the hole with a foot movement. 

c) Weeding Maize ideally is weeded three times in the wet period 

and twice in the dry time. Weeding in fmct often is inadequate due to lack 

of time and labor at peak seasons, although without proper weed control crops 

are poor.
 

5

The chtaM is the only cultivating tool although a hooked branch, the 

digano, is used for pulling up long grass and weeds; there are also a number 
of hunting, building and blacksmith's tools used by villagers. 
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Figure 2.11 	Kier Village (near Agnale, Ethiopia): The Chails
 
The MaU is the principal agricultural tool of
 
the region. It serves for tilling the moil, weeding,
 
and digging out maize roots at harvest time. A
 
villager demonstrates the art of preparing the soil
 

prior to planting. At Kier (2 kilometers downrivet
 
from Pokwo/Agnale) the agricultural missionary has
 
taught the villagers the value of leaving old stubble
 
and weeds on the surface as a form of mulch to depress
 

moisture evaporation. (AFR-64)
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d) Harvestina The harvest periods are in July-August and February-

March. Maize stalka are dug out with the Chatta and laid in rows. At the end 

of each day harrested maize ears are shucked by hand and carried in baskets, 

using canoes to cross the river, to the village where the ears are dried, or 

6iselled, in the sun. The beat ears are kept for seed. 

e) Storage Woven branch and gras cribs, covered with thatched 

roofs, are used for storage of both maize and sorghum. 

2) Sorghum 

The people prefer sorghum to maize for taste and ease of preparation for 

cooking. However, harvesting takes much longer and only one crop is grown 

annually. The sorghum variety has a growing season of three months; thus it 

is possible, theoretically, to ,row three crops in the year. However, the 

following discussion will demonstrate that this is not practicable because 

present cultivation practices make heavy demands for labor. Cultivation prac

tices are as follows:
 

a) Precultivation The ground is cleared at the beginning of the dry 

season in November, and the land lightly broken in a manner similar to the pre

paration for maize. 

b) planting Before planting the seed is soaked. Planting is per

formed by the men working with cdzat.&; 10 or 12 seeds are dropped into a hole 

with a little water. 

c) Weeding Sorghum weeding is slow and tedious work and there ia 

only t~me for one weeding usually during February and March.
 

d) Harvesting During the period of maturation the crop has to be 

protected from birds by the boys and meu. When ready, in April, sorghum stalks 

are dug up and piled. The heads are cut off and dried in the s by the women

folk. 

3) Other Crops 

Certain other crops are grown in small quantities, and giva some variety 

to the diet. But, since the two main crops take up most of the available labor, 

there is little time to tend these other crops. 

a) Beans About a hectare of beans is planted In November for harvest 

in January. Also, some beans may be planted mong the maize p.ants. 

b) Pumpkins The seeds are planted along field edges aud in shady 

places in April-May as the rains begin. They have reached maturity by the time 

of maize harvest in July-August. 

Calendar of Operations
 

The approximate time for the cropping sequence is recorded in table 11.8.
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TABLE 11.8 A "NALE VILLAGE: ChAR OF OPERATIONS 

CROP NOV. DEC. JAN. FEB. MAR. APR. .AY JUNE JULY AUGUST SEPT. OCT.
IRai. 

(900 1000 m.,I coaI o I 
ze vlant weed harvest e 0lan weed harvest____e_ 

Sorghum reedclear want harvest --m u._L . 

beans D1ui........
 
Ptmpkin plant arvest
 

TABLE 11.9 AGNALE VILLAGE: ESTIMATED DISTRIBUTION OF LABOR (KATS THROUGH CROP CALENDARREUIR N-DAYS 

MAIN CROP NOV. DEC. JAN. FEB. HAR.I APR. KAY I JUNE JULY AUGUST SEPT. OCT. 

3 7aize,34)) 3( 17(±)- 3(1) 2h 33(-±l) 17(±3) 

Sorghum 17(&3) 1-94(±81%) 22 (±8) 5(... .'|L..1 

Total (min.) 2 29 31 6 21 3 14 

(avg.) 88 2j .j.... 17 
(max.) 4 68 94 10 30 4 20 

Total avail
able (365) 30 62 59 30 61 62 30 31 

AdditLional
 
crops beans beans pumpkins pmpkios
 

planted harvested planted harvested
I I I ____ 



Labor Distribution
 

Crop labor requirements. base4 on each man's cultivating his own fields
 

for each crop in Table 11.9. These data show
without assistance are shown 


that each active man must provide annually; the sum of labothe amount of work 

requirement.requir'ments shown in Table 11.9 identifies the periods when labor 

are ver, busyare critical: in December and January. December through March 

months, weeding for both maize and sorghum. 

Other Inputs
 

The only other input into this cropping pattern is the seed saved by each
 

Seed rates can be little better than 3 very
family from the previous season. 


Each family retains approximately 40 kg.
rough estimate. (1) Maize seed: 


of good quality seed on cobs. A 50 percent germination rate would suggest
 

about 20 kg./ha. of viable seed and therefore, an estimated 80 kilograms per
 

annum are retained. (2) Sorghum seed: About 10 kg./ha. of viable seed is
 

planted and produces three to four plants from ten planted seds per hole for
 

an estimated 25 kg. of seed per annum.
 

Yields of Major Crops
 

Estimates were made on a random sample basis by the Team for maize at
 

6 

25 quintals per hectare. Allowing 10 percent for moisture this reduces the
 

yield to 22.5 q./ha. However, damage by birds and other pests probably will
 

bring the yield closer to 20 q./ha. for the rainy season harvest in July-


August and somewhat less, say 15 quintals per hectare, during the dry season
 

harvest in February. As a rough estimate of yields for sorghum, 18 q./ha.
 

appears reasonable; slightly higher yield 
than those for the Setit-Humera
 
7
 

the more fertile soil and higher rainfall.
 area can be expected because of 

Estimated Annual Production
 

1) 	Maize
 

(Nov/Dec.) 38.4 ha. x 20 q./ha. - 768.0 q.
 

(Apr/May) 38.4 ha. x 15 q./ha. - 576.0 q.
 
1344.0 q.
 

Assuming 40 percent loss in storage: maize for consumption equals 806 q.
 

806 q. supply is adequate for
Assuming 10 kilos per person (adult) per week: 


Thus 806 q. of raize is probably adequate for the
155 adults for one year. 


total village population (142-150) not allowing for any variety of diet nor
 

any reserve for seed, gifts, or emergencies.
 

6
Carl F. Miller, James D. Sarton, James L. Mackin. Peter 0. Strom,
 

Sy6.m6 Ar 46i MC2J:od6 do4 Ethiopian AqticuLCLe Final Report, SRI 

Project 6350-202, AID Contract 6632-72 (multilithed)(menlo Park, California: 

Stanford Research Institute, April, 1968), p. 92. 
7Ibid. 
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2) Sorghum 

(Nov/Dec.) 33.6 ha. x 18 q./ha. - 604.8 q. 

Assuming 50 percent loss in storage: sorghum for consumption equals 

302 q. Assuming 10 kilos per person (adult) per week: 302 q. is adequate for 

58 adults for one year.
 

The final estimated quantity of grain production is adequate for 213
 

adults for one year, enough for the estimated population with a little to spare.
 

Value of Production
 

This system of agriculture allows no marketable surplus. Any surplus is
 

reserved for guests, feasting and beer-making. Imputed values must be based
 

on local market prices. Twenty kilos of grain, either maize or sorghum, can
 

bring $0.80 at harvest, and $2.00 in periods of scarcity.
 

The economic balance of this system insures adequate production with a
 

reasonable distribution of leisure throughout most of the year. Labor require

ments during January-Mar-li render additional cropping impossible during the dry
 

season, and any suggestion of growing additional crops of sorghum is unlikely
 

to be well received since the system already produces adequate for the needs
 

of the villagers. No market exists for surplus crops. Crop improvements and
 

diversification could develop a more equitable distribution of labor demand.
 

Proposals to introduce higher yielding varieties must also include consider

ation for coping with surpluses and increases in labor requirements at peak
 

periods. It is at this point that mechanization becomes a realistic possibil

ity if the economy can provide instructional facilities, an appropriate market,
 

infrastructure, and an economic means of meeting higher operating costs.
 
8
 

Zuarungu District. Upper Ghana


The small town of Zuarungu and the surrounding area comprise one of the
 

three political sub-districts of North Mamprusi. Zuarungu district is heavily
 

populated and shortages of cultivated food occur frequently.
 

Until the end of World War II the area was isolated at 800 km. from the
 

coast, 560 km. from the nearest rail head and with inadequate roads. Since
 

then a reasonably good all-weather road has been constructed from the south.
 

Natural vegetation is treesavannah. All the land not under cultivation
 

has a covering of grasses which are usually burned in the dry season. The
 

country gently undulates, with outcrops of granite rocks. Soils are grayish

brown and contain a high proportion of sand and gravel. Near the rocky
 

,aterial for the substance of this section is drawn from ExrthAcA jum 
BuUetZi by Vepa., en~t o6 AgAia e .n No'AzA.en Ghana about 1937 (mimeo
graphed) (Government of the Gold Coast, reproduced by the National Investment
 
Bank, Accra, Ghana, March, 1968).
 

2-57
 

http:No'AzA.en


outcrops, the &oil is extremely stony. In valleys, soils are deeper, fertile, 

and very wet in the rainy season. Stones are frequently used to form contour 

terraces, but serious sheet erosion still occurs in the rainy season, and is 

aggravated by the burning of ground cover. 

The aree has a hand-labor agricultural economy. Since World War II, 

Bolgata 4g has developed as a comercial center and local enterprises have 

been established: gravel extraction, meat packing, slaughter house, tomato
 

packing, and basket making. 

The pattern of agriculture is fixed due to the density of the population, 

although some farmers at the fringes of the area also have farms in the savan

nah which has a system of shifting cultivation. No villages exist; each family 

lives in a small isolated compound. 

The Compound and the People 

The family homestead (Figure 2.12)
 

. . . resembles a miniature fort and in the past there is little 
doubt that it served as such; it is roughly elliptical in shape 
and consists of a nunber of round mud houses opening inwards; and 
the whole is enclosed by a high mud wall. Roofs are made either 
flat, of beaten mud, or conical, and thatched. A single narrow 
doorway, which can be heavily barricaded, gives entrance to the 
compound: the space inside is divided into compartments by low 
walls. Livestock are kept in an open compartment near the entrance. 
The land lying between compounds is farmed intensively and manuring 
forms a definite part of the farming system. 9 

The people largely follow animistic forms of religion. Each compound is 

home to an extended family consisting of a senior man, with his wives, his 

sons with their wives and children. Each wife with her children has a sepa

rate house within the compound and the members of the senior generation live 

in a eeparated ares. Boys big enough to hoe are considered to be men; women 

and children only help to plant 3nd harvest. Compounds average 3.2 men who 

support a total of 12 people (excluding babes in arms). 

The Land and the Fas 

Customs of land tenure are intimately bound up with the religion of the 
1 0 

people. Each district is adinistered by a chief who exercises authority

over the people. The Vndana has final say regardng new residents, since 
9 
Ibid., p. 6.
 

10 
It should be noted that this description was written in 1937. Gradu

ally the authority of the chiefs is declining with the increasing power of 
the elected government and local administration of the regions. 

1

" Local ahamn (medicine-man). 
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tradition has established him an mediator betveen the people and the "spirit 
of the land". Seasonal dues have to be given voluntarily to the spirits by 
way of the tindn1; in this are&, without rents and cash income, these dues 
take 	the form of harvested crops. 

The land is farmed In three functional divisions: the compound farm, 

located by the homestead; the intermediate farm, located between compotmds; 
and the bush farm, extensively cultivated savannah. 

The 	avrrage farm sizes are:
 

Compound farm 1.98 ha. (612)
 

Intermediate farm 0.55 ha. (172)
 

Bush farm 0.70 ha. (222)
 

TOTAL 3.23 ha. 
 (1002)
 

Thus: I man farms about 1 hectare and supports 3.7 persons.
 

Vr
 

Figure 2.12 
 Zurunpu District (Ghana): Fmily homestead compound 
The family compound, resembling a miniature fort in 
baked mud, is built by neighbors and the family together 
whenever a new family comes to the areo, or a member of
 
the family wishes to establish a new compound. 
Women
folk finish the compound floors, grading them to facili
tate drainage. The tall narrow cylinder coveree with
 
thatch (approximate center) is the granary. (AFR-268)
 

2-59
 



Mixed cropping is the general practice with all crops except root crops
 

and tobacco. Proximity to the compound and fertility of the soil are the main
 

determinants of crops planted. Staple crops are grown in compound farms 
 which
 

are manured, and the less fertile intermediate farms. Bush farms may be 2.4
 

to 3.2 kilometers away from the compound and receive only a single weeding.
 

Crops and Cultivation Practices
 

A wide range of crops are grown in the area. The following is a list of 
1 2
 

those more common:
 

Early millet Rice Yams NW 
Late millet Groundnuts Sweet potatoes Calabash
 
Guinea corn Bambarra beans Coleus potatoes Pumpkin 
Maize Geocarpa beans Hibiscus (long) Bungu
 
Cassava Cowpeas 
 Soup plant Sesame
 
Okra 

Crops and cultivation practices fall roughly within the functional
 

divisions as follows:
 

1. The compound farms are manured with 4.48 to 11.2 metric tons per hec

tare which includes nightsoil as well as animal manure. The main crops gener

ally mixed together, are early millet, late millet, cowpeas and ne4i. N.'nor 

crops, planted in empty places, include maize, hibiscus (long), noanina 
tobacco (near a wall), groundnuts (on sandy soil), rice (in patches), s, eet 
potatoes, and bambarra (on gravel). Pumpkins, sesame and sometimescassava 

are intercropped around the compound.
 

2. The intermediate farms produce the same crops with the omission of early 
millet and the addition of groundnuts. Cultivation begins later in these farms.
 

3. Bush farms produce guinea corn and cowpeas alternated with guinea 

corn and late millet. When yields decline the land is left fallow. 

Early millet is harvested first, starting in June. The heads are cut at
 

the neck by the men using short knives; the women carry the crop in baskets,
 

to be dried in the compound. Maize is harvested similarly toward the end of
 

July followed by guinea corn. 1he main harvest starts in mid-September with
 

groundnuts followed by later guinea corn and late millet. 

After harvesting, men and animals trample the stems of the cereal crops 

to the ground. Leaves are burned and charred stems are selvaged for fuel. 

Cereal crops are stored unthreshed in tall conical baked-mud granaries 

built inside the compounds. Small seeds and soup ingredients are stored in 

calabash containers sealed with mud or dung to keep out weevils. Groundnuts 

are stored in large mud-sealed baskets.
 

Calendar of Operations
 

The calendar of cultivations is summsarized in Table IU.10. 

12Ibid., p. 50. 
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TABLE II.10 ZUARUNGU: CALENDAR OF OPERATIONS 

Crop and Farm April Fay June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. March 

Mean monthly 
rainfall (mm.) 72.00 109.00 164.00 184.00 254.00 223.00 57.20 17.20 0.5 1.53 16.80 18.20 

Annual Total
 

1107,43

Cornpound
 
Major Crops:
 

Early millet plant weed 
 harv st earth up f tras burning
 
(2-3 days) (twice) late harvest 

j plants
 

Guinea corn plant weed plants har est 
(2-3 days) 

Late millet lant I I 
(2-3 days) weed thin and harvst 

transplant 

Tobacco 
 transplant ueed harvest
 

Kinor Crops: I 
Maize, bersi, plant maize 
okra, nangina harvest 
and others 

Bambarra plant 
Rice ___.1Lant thin and harve 

transplant
 

Intermediate Farm harvest 
Guinea corn plant weed 
Late corn plant weed I 
 harvest

Groundnuts plant weed harvest t 
Tobacco j plant Transplant to 

paninNote: fmsharm (Noe:Buh ar ~compound I____ I_ I__IIplanting groundnuts, early millet, late mi let and cowpeas _ _Iother farms; harvesting also follows other farms.) occurs imediately after planting on the 



Labor Distribution
 

Under the existing farming system, available labor is not used to capa

city. The busiest time of the year is immediately after planting is finished,
 

when weeding begins. This also is the time of food scarcity and the under-


Only at plantnourished men cannot 	cultivate more than .04 hectares per day. 


ing and harvesting are the men assisted by the women-folk.
 

Other Inputs
 

Seed is the only other important input. Each farmer keeps a little har

vested grain for seed, but estimates are not available.
 

Yields of Major Crops
 
13
 

A summary of observations of indigenous 
crops 1932-1936 was published
 

in 1936 and, in 1967, provisional observations ware made for unfertilized
 

These data are precrops of improved guinea corn, late millet and rice. 


sented in Table II.11.
 

The data indicate that manuring indigenous varieties results in consid

erable improvement in yields, and improved crop varieties can offer greater
 

yields. However, estimates of yields for the earlier years were for mixed
 

crops irrespective of the number of crops grown together, and 1967 estimates
 

Single (sole) crop systems can improve agricultural
were for single crops. 


technology by allowing specific treatments and operations, and individual
 

observations of results.
 

TABLE II.11 ZUARUNGU: CROP YIELDS. 1932-1936: AND 1967
 
Average'
 

Crop Manure Used 1932-1936 1967
 
Kilograms/hectare
 

n.a.a
302.4 

Early millet 	 unmanured 


manured 565.6 n.a.
 

Late millet 	 unmanured 263.2 629
 

manured 252.0 n.a.
 

582.4
 

manured 543.0 n.a.
 
Guinea corn 	 unmanured 364.0 


b
1120664.2unmanuredGroundnuts 

1025.0Rice 	 n.a. n.a. 

albid., p. 25. 
bEstimated.
 

1 3 
Ibid., pp. 24-25. 
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Livestock
 

There is a good potential market for meat, but livestock occupies a
 

prestigious position in the economy. Cattle are viewed as a status symbol
 

and a store of wealth rather than a good for general exchange. Cattle are
 

occasionally eaten, used for religious sacrifice or in payment of bride-price. 
Livestock owned by an average family has been set out in Table 11.12. Tend

ing livestock is the responsibility of small boys, not old enough for heavier 

work. 

TABLE 11.12 ZUARUNGU: AVERAGE LIVESTOCK PER COMPOUND 

Stock 
 Mean Number
 

Cattle 
 2
 
Donkeys 
 1
 
Sheep 
 3
 
Goats 
 11 
Fowl 7 

Despite inadequate attention local cattle (West African Shorthorn) are
 

good looking animals with potential to produce good beef. Poultry thrives
 

quite well in the area.
 

Estimated Annual Production
 

The toLal production for the major crops may be estimated assiming mean 

yields for a mixed crop.
 

Compound farm (manured): 1.98 hectares 

x 565.6 kg./ha. - 1119.9 kg. (early millet) 
x 252.0 kg./ha. - 499.0 kg. (late millet) 
x 543.0 kg./ha - 1075.1 kg. (guinea corn) 

Intermediate farm (unmanured): 0.55 hectares 

x 263.2 kg./ha. - 144.8 kg. (late millet)
 
x 364.0 kg./ha. - 200.2 kg. (guinea corn)
 
x 664.2 kg./ha. - 365.2 kg. (groundnuts)
 

Bush farm (unmanured): 0.70 hectares
 

x 263.2 kg./ha - 184.24 kg. (late millet)
 
x 364.0 kg./ha. - 254.8 kg. (guinea corn)
 

Annual Total
 

Early millet Late millet Guinea corn 
 Groundnut
 

1119.9 kg. 820.0 kg. 1530.0 kg. 365.2 kg.
 

Assuming an average need of 10 kg. of grain per week par adult, the
 
level of annual grain prcduction is adequate for seven adults. Since the
 

average number of persons per compound is twelve, grain, production is barely 

adequate. It will be supplemented by groundnuts, root crops and other ground
 

crops. 

The present system of farming, little changed from the description given 

in 1937, iA now at a po.nt .n time when modeiw change can begin. There is 
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good access to a substantial market to the south, and the Ministry of Agri
culture is assisting the farmers through the extension service with improved
 

crop varieties and cultivation techniques. The established system has been
 

adequate in good crop years but in bad years it produces insufficient for the
 
peoples' needs. Starvation is avoided with wild foods. 
 Since the labor re

quirementa do not overtax the capabilities of the farming community, the 
area
 

can be developed by raising crop yields and utilizing additional power to
 

overcome deficiencies in timeliness of cultivation. Further, the potential
 

for livestock production could be developed by a government-sponsored scheme
 

incorporating local commercial enterprise. 
Such a scheme would have to over

come local indifference to anim3l husbandry and also take into account the
 

relatively high population pressures. These pressures can be alleviated by
 

bringing debilitating river-borne diseases under control which will free 

land from vector infestation.
 

14
 
Village Agriculture, Northern Nigeria
 

The system of farming in the village economy of northern Nigeria repre

sents another kind of hand-labor economy. The data has been taken from the
 

village of Nasarawa. The people are Muslims and live in well-orgenized
 

communities. 
 Individual farming families produce for both themselves and the
 

market. 
Many small farmers spend some of their time as wage-earners either
 

on other farms or in nearby towns and villages. The economy of northern
 

Nigeria is monetized and economically fairly sophisticated.
 

Ecologically, the area is classed as sub-Sudan savannah, with vegetation
 

varying from close woodland to open scrub woodland.
 

The Compound and the People
 

Each family unit lives within the village community in a separated
 

compound.
 

The compound, gida, is a walled or fenced area entered via
 
a single entrance hut and containing usually a forecourt and one
 
or more interior courts. The interior court may be divided by
 
a wall or fenced into portions, 4a.4a, if the head of the com
pound has another adult male, relative or stranger, living within
 
the compound. However, occupying the same compound and sharing

the same entrance but does not connote membership of the same
 
economic unit.
 

The individual close family, iya., may be understood as
 
being a man, his wife or wives and his d'pendent children. The 
iyaU often constitutes the economic unit. If two or more iya
 

14
 
Material for the substance of this section is 
 drawn from C.J.N. Gibbs, 

Op. ct. 
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cooperate in a common economic unit the resulting group is des
cribed as a g9tudu. There seems to be .,o hard and fast rule as to 
what will constitute an economic unit, one or more close family 
[3roups].15
 

Nasarawa village has low-lying land which permits all-year cultivation.
 

The people's ethnic origins are described as Hausa, Fulani, Gerawi and Sayarwa;
 

villagers consider themselves to be Hausa, possibly with a headman claiming
 

Fulani descent. The average number of persons per economic unit (gcendu) is
 

5.95 with an average number of 3.57 labor units or 2.24 labor units for out

side compound work; or 2.12 agricultural labor units. Thus, one labor unit sup

ports 1.67 residents (2.86 if only active full-timn farm workers are counted).
16
 

The Land and the Farm
 

Land throughout Nigeria is regarded as common property. Each village
 

head has authority in land affairs vested in him by the Emir. A farmer, how

ever, can enjoy the rights of use so long as the land is used for the benefit
 

of the community. Tenancy is by inheritance, allocation, or loan.
 

In certain low-lying areas, the water table remains high. The moist
 

flood-plain areas, dadama, can be cultiated throughout the year. Cultivation
 

of the higher land, gona, is strictly linked to the rainfall distribution
 

(December and January are dry, while July, August and September are the wettest
 

months). Gona Jdeda is land intermediate between these two types. 

In the 6adama the farmer can cultivate his farm throughout the year and 

crops are considerably more labor intensive. The average size of farms in 

Nasarawa vIllage, where 6adama occurs more frequently, is 2.36 ha. in contrast
 

to the more extensive holdings of 4.61 ha. in the Nabayi village where gona
 

occurs more frequently. Both villages have almost identical rainfall patterns,
 

but the water retention property of the 6adamn, which only Nasarawa possesses,
 

is much greater. 
1 7 

The average sizes of fields for the whole village are as follows:

Average size of gona field 0.68 ha. (29%) 
Average size of gona ddama field 1.32 ha. (56%) 
Average size of 6adama field 0.36 ha. (15%) 

2.36 ha. (100%)

1 5 

ibid., pp. 4-5.
 
16


The labor unit gives an indication of the total family's physlcal
 
potential for work but since women contribute nothing to work outside the 
compound, estimates of off-compound and farm labor need further modification. 
Labor units are estimated as follows:
 

Sex and Age of Individual Labor Unit Equivalent
 
Male and female, 6 and under 0.00
 
Male and female, 7 to 14 0.50
 
Male 15 to 64 1.00
 
Female 15 to 64 0.75 (0.00 for agricultural labor)
 
Male and female, 65 and over 0.50
 
17

Calculated on a proportional basis from the average data provided.
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Fadama and gona fields are separate, and land fragmentation is consider
able. The present pattern of farm structure does not favor innovations in
volving mechanization. However, viatZthe exception of dadama and land per
petually attached to the compounds, there is a considerable degree of land
 

mobility, due to the necessity of bush fallow practice. Thi mobW.ity coowd
 

p'Ove i. pOt.ant in 6u.'tue attempt at con6ol.daion. In a comparable study 
1 8 
Norman noted that, in the village of Dan Mahawayi, the furthest field cul

tivated by a resident was 3.3 kilometers away from his compound.
 

Of Nasarawa farms, 17.87 percent of all of fields were cultivated as
 

single blocks of the same crop; the remainder was cultivated in subdivided
 

plots of single (sole) or mixed crops. Both single and mixed cropping is prac
 

ticed, with 46.11 percent of all cultivated areas in single crops, 41.48 per
cent in double crops, 10.44 percent in three crops, and 1.97 percent in four
 

crops.
 

The crop season is from April until November and family labor spent 88.4
 

percent of available work time on their own farm. Of available labor, 95.72
 

percent was male.
 

Crops and Cultivation Practices
 

Table 11.13 presents a suggested approximation for the operations for
 
major and some minor crops. Typical major crops are: guinea corn, millet,
 

groundnuts, cowpeas, rice, cassava, sugar cane, omer, and sweet potato.
 

Typical minor crops are: okra, maize, benniseed, pepper, tobacco, tomato,
 

and kenaf.
 

The date for man-days required per crop, presented in Table 11.14, were
 

obtained from estimates for Zaria Province which has a similar economy to
 

Bauchi.
 

Calendar of Operations
 

The sequeL.ce of operations is presented in Table 11.15, along with month
ly average rainfall and temperature for the year. The average farm does not
 

grow all these crops, but to hedge against risks of crop failure generally all
 

the major crops are growa as well as selected minor crops.
 

Labor Distribution
 

The distribution of labor requirements for the cropping pattern is pre

sented in Table 11.16. The data suggest tha. the average worker contributes
 

about 60 hours per month to cultivating the family farm, with an annual total 

18David W. Norman, An Econontc Study o6 Th.ee VJJage.A in Za ia PAovinc
I. Land and Labo4 Retaotonah.p6 Miscellaneous Paper No. 19, (mimeographed) 
(Samaru, Nigeria: Ahmadu Bello University, Institute for Agricultural 
Research, RERU, 1967), p. 20. 
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TABLE1I.13 N4ORTHERN NIGERIA: CROP OPERATIONS 

Crop Plant Weed Harveat 

Guinea corn April/Hay MaylSeptember November/December 

Millet April/May May/July July/August
 

Groundnuts May/Jtne July/August October/Noveober
 
b October to Decemberc
Coapeas July Aug. & Sept.


Cassava M- July a Aug. October to December
 

Rice June/July Aug./Sept. October/November
 

Sugar cane Oct. & Jan. Apr. & July Sept. & March
 

Onion May June 6 Aug. Auguat to October
 

Okra April May & June June/July 

Maize April May & June July/August 

Pepper May June & July Cctober/November
 

Tobacco Aug./Sept. Sept./Oct. December/J" uary 

aIndicates one time falling within this period.
 

bIr,.cates two separate timep.
 

CIndicates a continuous period.
 

TABLE !!.14 NORTHERN NIGERIA: LABOR REQUIREMENTS FOR TYPICAL CROPS
 
Crop and Average Man-doya Employed Per Hectare
 

Croo Mixture ramily Labor Hired Labor Tot.'
 

Guinea corn 63.23 15.05 78.?d
 

Groundnuts 88.95 44.46 133.43
 

Sugar cane 123.55 27.71 150.73
 

Cassava 74.13 29.65 103.78
 

Tobacco 44.48 32.12 76.60
 

Groundnuts/cowpeaa 113.67 46.95 160.61
 

Onion/pepper 64.24 14.83 79.07
 

Guinea corn/millet 76.70 8.80 84.50
 

Guinea corn/groundnuts/
 
millet 94.00 16.21 110.21
 

Guinea corn/groundnuts 86.49 51.89 138.38
 

Groundnuta/eaize 84.01 - 84.01
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practiced long before it becam, popular with modern power farmers. 
 In
 

the past half century, wearing parts of tools have been faced with or
 
made of metal 
to prolong their life and reduced the human energy required.
 
Each area or region tends to cevelop its own and often unique implements,
 

but the basic designs and methods of use are strikingly similar throughout
 

Equatorial Africa. 
Many of the traditional tools and some of ths improved
 

tools and techniques which offer major opportunities for improvement and
 

change in subsistence agriculture are discussed in this section.
 

No single tool or method can suit all conditions. In southern Ethiopia,
 

Sudan, northern Kenya and Tanzania, the cultivator for the most part farms
 

on the flat; while in Nigeria, Ghana, Senegal and Ivory Coast, he usually
 

makes mounds or plants on ridges. The tools used are shaped and sized to
 

perform these operations most expeditiously: the Nigerian gaoma and Ghanaian
 

kpakpta are built to move soil and pile it in heaps and ridges, while the
 

Ethiopian doma and Kenyan jembe are made to dig and stir the top soil and
 

chop out weeds. Wit iL oduc~t'on o6 speciatZzed cnops, devetopmet o6
 
export moAketz and utitlzation o6 anbnae wid englne 
powve, the die6ewn¢c 
in tooe.i become mwre 6Lgiafcat. Ultimately, as farm p~actices become 

commercialized, market conditions dictate not only the type of tool and its
 

power source but also its application and economic value.
 

Tillage
 

The main object of tillage is to assist the natural processes which
 

create favorable soil conditions for the germination of seeds and growth
 

of plants. 
 In hotter climates the natural processes are more intensive and
 

there is less need for heavy primary tillage. Hopfen states:
 

* * * in arid and semi-arid areas with a high average soil temper
ature and . . . with frequent dry winds, the need is to break the
 
soil without inverting it in order to collect and store as much
 
moisture as possible and to delay the natural decay of vegeta
tion. 
 This is best done with breaking non-inversion or semi
turning types of plows . . . . Tropical rain-fed areas with 
a
 
high average soil temperature and with a dense vegetative cover
 
do not need much tillage, as the shade providing plants preserve
 
natural tilth and moisture.

4
 

Technical Factors and Constraints
 

Hand Operations
 

1) Tools and Practices
 

The hand-operaced tools used for tillage in Equatorial Africa are 
mainly huc6, spades and shovels. All are universal tools with different sizeE 

Hopfen, op. ct., pp. 35-36.
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and shapes according to specific purpose, prevailing soil conditions,
 

locally available materials and local customs. (Figure 3.1.) Definite
 

preferences for specific tools for primary tillage exist within different
 

regions. The spade is used in the Middle East, the digging hoe in Tropical
 

Africa and the Far East, and digging hooks and picks in West Africa. Special
 
tools have evolved in certain areas, like the long-handled double-prong
 

spade in Ethiopia, the short-handled ridging shovel in Nigeria and the long

handle hand plow in Senegal. Similar hand tools are used for seedbed
 

vreparation as are used for primary tillage except that the blades may be
 

wider and forked hoes also may be used. For light work, forked hoes should 

have at least four tines.
 

2) Power Required
 

In most countries, heavy tillage operations are carried out by men
 

working singly with individual tools. In some countries, spading is done
 

in teams as in Ethiopia. In some parts of Asia and northern Africa, two
 

men operate a special shovel to prepare ridges and furrows and levees for
 

irrigated crops; one man pushes and controls the long-handled shovel while
 

a second man guides the blade with a rope.
 

A man normally works at a rate of 7 to 10 kg./sec., varying
 
from 5 kg. at 1.1 m./sec. with a crankshaft, to 64 kg. at 0.15
 
m./sec., when treading with his own weight on a water ladder.
 
During continuous work, he produces about . . . 0.1 h.p. For short
 
periods he can develop 0.4 h.p. The average force a man can exert
 
is equal to about one-tenth of his own weight. 5
 

Also, as emphasized by Hopfen:
 

Viorking with the spade is very strenuous. The digging depth

with long-handled spades and a foot rest is between 25 and 35 cm.
 

The working depth of short-handled spades is generally 22cm.
 
At that depth a man can dig about 20 m.2 of medium arable soil per

hour lifLing approximately 44

6 
cubic meters or roughly 80 q. of 

earth [or about nine tons].


The digging hoe is a universal implement serving for ridging, surface
 

cultivation and weeding. The steel blade usually has a socket or a hole for
 

a sturdy wooden handle, with an angle from 45 to 900 between the working
 

part and handle. Blades of digging hoes vary considerably according to the
 

users' stzength, local customs and soil conditions. Sizes are small for
 

women and children and larger for men; shapes and weights are long, narrow
 

5Ibid., 
p. 4.
 
6Ibid., 
p. 40.
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t<ft
 

Hoe used in upland farming More than 90
 

percent of farming in Equatorial Africa is done with the
 

short-handled hoe, similar to 


Figure 3.1 Northern Ghana: 


this one being used near
 

Tamale. A more efficient source of farm power is an essen

tial factor in increasing agricultural productivity. While
 

there are many variations in method of attachment and style,
 

shape and size of blade and handle, there is - remarkable
 

similarity in indigenous small hand tools across Equatorial
 

Africa. (AFR-523)
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and heavy for compact soils and short, wide and light for light soils. Short 

handles are common but long handles are not unusual.
 

Capacities of digging hoes depend on sotl hardness, moisture content,
 

vegetation, climate, temperature, health, sizt. and condition of the indi

vi-lual and the type and depth of tillage. Diggi tr 25 cm. depth may 

take a much a 500 man-houm pert hecJtaAe. 

3) Time Required
 

For heavy spading in compacted soils to depth of 20 to 25 cm. at 20 is.2 

per hour, it would take one man five hours to dig up 100 m. . A normal work
 
,


day in many paris of Equatorial Africa is about five hours long. At tl..


&ateo6 wordk, itwould take one man 100 days o&500 howi to spade one 

hectane. 7 Thi.s iLtLu.t'wtes .Vte -evee i.mitauon o6 hand LaboA and exp~tn 

why most Land is hand-wowkea by communiy teams. A five-man team can 

prepare one hectare in 20 days.
 

Primary tillage with digging hoes proceeds at a faster pace because
 

depth is limited to 10 to 15 cm. and the soil is not tturned but simply
 

rolled back with quick short strokes. If it took 300 hours to till one
 

hectare by hand, it would take 50 man-days based on a six hour day.
 

(Figure 3.2.)
 

Seedbed preparation may include digging or making holes for plants or
 

seeds. In soft sedimentary soils of southwest Ethiopia, a sLow farmer spends
 

eight days to dig sorghum holes on an average field of 0.7 hectares, while
 

a fat farmer takes only three days. The avenaqe farmer spends about five
 

and one-half days or approximately eight days per hectare.
 

4) Skill and Management Required
 

Farmers become skilled in handling simple soil working tools. Perse

verance, good health, and a large labor supply are needed to farm entirely
 

by hand. Inwtea with distnct wet and dky peAiod6, tLL-age time is veJuJ 

LZmLted; the amount o6 land a mnitly can dan depend6 on how much they can 

tiU by the optimun pLanting dates. TJ.meliness in completing the basic Land 

prepa iaon bedore planting uauatty is ve y c4Wca. 

In Nigeria, the most critical problem for owners is land preparation,
 
is weeding.8with only annual crops, the bottlen .,twhile for non-owners, 

5) Costs Involved
 

Wage rates vary considerably in Equatorial Africa between and within
 

countries. Rates are high near larger cities and for heavy, hard work; and
 

7Ibid. 
8Warren Stetler, Agricultural Engineer, University of Ife, Ile-Ife,
 

Western Nigeria, Personal Communication, 8 November 1968.
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Figure 3.2 	 Southern Ghana: Hoe used for tillage and weeding Contrasted 
to Figure 3.1 this blade uses a perpendicular eye socket per
mitting a straight handle to be inserted from the back to 

facilitate tightening, while the other uses an eye socket 

parallel to the blade requiring a right-angled or curved 

handle. (AFR-506) 

Figure 3.3 	 Ethiopia. Koka Dam (east central highlands): MaAeaha plow 
and 'oke Plows are made of local materials except for the 
metal point and O-ring strap used to brace the point. This 
OAd type soil-breaking tool has distinct advantages in arid
 

and semi-arid regions for moisture and soil conservation.
 
In humid tropical regions with heavy soils it is also favored
 
because of its lighter draft and fewer scouring problems.
 
(AFR-236) 
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generally low in remote rural areas 
and for light, easy tasks. Actual wages
 
paid for hand labor are given in Table III. 1, for a standard government
 

9
 
workday of eight hours.
 

Animal Operations
 

1) Tools and Practices
 

There are 
two basic types of plows for primary tillage, the symmetric
 
breaking-type and the asymmetric moldboard turning-type.
 

a) Breaking-plows The breaking-plow or aAd is the common tillage
 
implement used in areas where soil temperature is high during the main growing
 
season. 
 Beam, body and handle are commonly made of wood, and the share of
 
iron. It produces a slightly ridged tilth, does not invert the soil, and
 
leaves dead vegetation on the surface of the tilled ground. 
 It has either
 
a breaking-and-digging or 
a breaking-and-cutting action.
 

Two basically different types of aAd6 
 can be traced back to the dawn
 
of animal-powered agricultur.. history. The beam a~d usually has 
a curved
 
beam originally pierced by a spear-like body-handle unit. This plow later
 
developed into a separate body with the handle attached 
to the beam.
 
(The present-day Ethiopian plow is a good example of the 
ancient beam Mtd.
 
Figure 3.3.) The body atd has an upward-inclined body tapering into a
 
handle, and is pierced by the beam which makes it sturdier and heavier for
 
deep tillage. The Egyptian, Afghanistan, Turkish and Indian plows are 
typical
 

body aAda.
 

The working part of the aid originally was carved from hard wood, later
 
developing into an 
iron or steel share. This share exists in two basic
 
forms: 
 a socket share, (like the Ethiopian plow) which is slipped over the
 
nose of the plow-body, and a tang share which fits into 
a groove where it
 
is held by a clamp on the wooden body. The tang share is normally used in
 
dry, stony soils; the socket share is generally used for other soils found
 
in the wetter rain-fed areas of Equatorial Africa with heavier, sticky
 

clay and loam bases. 

The present beam aAd and other aAd6 generally have one handle.
 
Prehistoric art shows the first beam aA6 used by the Sumerians and the
 
early Egyptians had two handles and sometimes also a seed-tube. The present
 
Arabian-type plow used in Eritrea in northern Ethiopia is equipred with one
 

9These are actual wage payments for hired labor as recorded by the cited
 
sources. No attempt has been made to put these wage rates on 
a comparable

basis in terms of work capacities of a labor unit, or in terms of labor 
productivi.y.
 

10ibid., pp. 44-47.
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TABLE III. 1 COMPARATIVE COSTS OF UNSKILLED AND SKILLED LABOR IN SELECTED 
AFRICAN COUNTRIES 

Semi-skilled machine Tractor 
Hand labor cost operator cost operator cost 

Country Year per day per day per da 
dollars dollars dollars 

Northeast 
Nigeriaa 1964 0.56 0.72 0.96 

Souther k 
Nigeriag 1968 0.80 0 .9 3-1.87k 1.12 

Southern 

Nigeria^ 1968 1.20 3.361 2,80
m 

Ghanad 1968 0.70 1.00 1.12 

Ghana
e 

1968 1.00 1.12 1.28 

Ivory Coast f 1968 1.36 2.861 2.0 4m 

Kenya
g 

1968 0.88 1.25-1.75 1.20-1.50 

Ethiopia.
 
Lowlands 1968 0.50 2.00 1.33
 

Ethiopia
 
Highlands' 1968 0.32 1.50 0.80
 

Ethiopia
 
Commercial
 

Operations J 1968 0.60 .94-3.33k 2.00-2.13
2
 

aT.J. Shambaugh, Machinery Advisor, USAID, Maiduguri, Nigeria.
 

bJ. Hewitt, Manager Britisih East and West Africa Company (MF), Apapa, Nigeria.
 

cA. Hollingshead, United Africa Company (Caterpillar), Lagos, Nigeria.
 

dA.K. Sokeh, Mechanical Superintendent, Ministry of Agriculture, Amasaman,
 
Ghana. 
Sj.B. Kore, Crops Research Institute, Kumasi, Ghana.
 

fZ. Leventhal, Director of Works, Mc¢toragri, Abidjan, Ivory Coast.
 
8

C.M. Downing, Mechanization Specialist, Ministry of Agriculture, Nairobi,
 
Kenya.
 
hS.Z. Moczarski, Rural Instltuticns Extension Specialist, FAO, Awash Valley
 

Authority, Addis Ababa, Ethiopia.
 
iSolomon Bellete, Agricultural Economist, Institute Agricultural Research,
 

Holetta, Ethiopia.
 

JM. Harley, Machinery Manager, Tendaho Plantations Share Company, Dubte,
 
Ethiopia.
 
kWheel-tractor mechanics.
 

ICrawler-tractor mechanics.
 

mCrawler-tractor operators.
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handle and a seed-tube, as are the plows used in the middle Awash Valley where
 
1 1
 

maize has been grown for centuries.
 

b) Moldboard Plows The Western moldboard plow is perhaps a more
 

efficient destroyer of weeds than any other cultivation implement but it
 

has a heavier draft than digging- and breaking-aAd6. The moldboard action
 

is different from breaking aAd6 as the share cuts loose a rectangular
 

block of soil and the moldboard turns the slice into the previous furrow.
 

To offset the side-thrust, the landside takes the horizontal pressure on
 

the furrow-wall and the sole the downward pressure of the implement on
 

the furrow bottom. The weight and sliding action of the plow in heavy
 

soils ,ends to create an impermeable layer or plowpan on the furrow bottom. 

This is undesirable in all but purposely-puddled irrigated lowland fields.
 

The moldboard plow is commonly found in Southeast Asia where it is used
 
12 


in rice and general crop production. Some use is made of them in eastern
 

Africa, extensive use in South Africa but only limited application in western
 

Africa. (Figure 3.4.)
 

c) Ridging Plows Ridging plows are used extensively in both
 

western and eastern Africa, south of the Sahara, for groundnut and cotton
 

production.
 

In Nigeria and Ghana, the Ransome Emcot Model S-30 is currently most
 

widely distributed. It superceded the first Ransome DY ridging plow used
 

from about 1933 to 1962. These plows are both heavy and robust, and small
 

oxen common throughout Equatorial Africa have trouble pulling them. Farmers
 

in western Africa, unlike those in Kenya and Tanzania, have never made use
 

of multiple pairs (4, 6 or 8) of oxen hitched in tandem to a plow. There
 

has been a demand for a light-weight ridger that could be handled by a pair
 

of small oxen; one developed by the Christian Service Committee in northeast
 

Ghana has been well-received by farmers.
 

The Ransome Emcot S-30 ridger has a curved forged-beam, a large adjus

table lister-body, double handles, a depth-control wheel in front and chain
 

pull. (Figure 3.5.) It also features a rear control-rudder extending below
 

the heel some 20 cm. It differs from the old Ransome DY ridger in the shape
 

of the beam and hvndles and larger adjustable moldboards and wings. The
 

S-30 ridger weighing 49 kg. is especially designed to build 90 cm. ridges and
 

gradually hill-up root-crops to a depth of 30 cm. In sandy soils the wear
 

is severe, requiring a new share and shin about every 6 hectares and a new
 

11S.Z. Moczarski, Rural Institutiong Extension Specialist, FAO, Awash
 

Valley Authority, Addis Ababa, Ethiopia, Personal Communication, February.
 
1969.
 

1 2

Hopfen, op. aU., p. 54.
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Figure 3.4 	Canadian plow owned by an animal-powered farmer in Tanzania
 
This man had been using tractors, but has now returned to ox
 
power. (AFR-129)
 

Figure 3.5 	Emcot ridger widely used In northern Nigeria and Ghana There
 
are over 60,000 of these units in Nigeria. It is the most
 
common animal-drawn tool owned or used by animal-powered 
farmers in English-speaking western Africa. (AFR-334) 
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moldboard every 12 to 18 hectares.


Thousands of Emcot Ridgers were imported from England until 1966 and,
 

as pointed out by Haynes, "it is the only implement owned by most mixed
 

farmers. 14 In 1966, John Holt Bartholemew set up a small implement factory
 

in Zaria, northern Nigeria, called John olt Agricultural Engineers, Ltd.
 

In the first year 4,000 units were manufactured and currently 8,000 to
 

10,000 plows are being produced per year, or 20 to 33 percent below maxi

mum capacity. The entire plow including the moldboards and 90% of the parts,
 

is made in Nigeria except for the bolts, shares and two or three castings.
 

Exported to Ghana, Mali, Togo, Dahomey and the Congo, a single plow whole

sales for $56.00 from factory, and for $53.20 in lots of 25 or more. Plows
 

are sold to the Nigerian Native Authorities and to small dealers for $58.00
 

to $61.60.
 

In Ghana, the John Holt Ford-distributor wholesales them for $57.80 to
 

the Farmers Cooperatives who sell them at the same list price. Parts are
 
1 5
 

stocked by John Holt dealers, stores, and Farmers Cooperatives.


The town of Mubi in northeast Nigeria sold 147 plows in 1968
 

disassembled in case lots of ten, for $54.60 each plus transportation cost.
 

Prices differ depending on the location and demand. The official Nigerian
 

Native Authority plow price was $67.20, but the going market price ranged
 

from $70.20 to $78.40.16
 

A factory in Kano, Northern Nigeria, makes CFAO Ridging Plows.
 

Although little information is available, it is reported that 20,000 plows
 

have been sold. The price has been $46.20, but the Nigerian Native Authority
 
that the cost to farmers is only $28.00.17
 is now subsidizing the plow so 


A lightweight ox-plow was designed for northern Ghana by Egbert
 
IDkstra, a Dutch engineer in 1966 at the request of Karel Rigter, agri

cultural missionary with the Christiin Service Committee at Garu. After
 

preliminary testing, 40 models were sold to interested farmers. The plow
 
has gone through several modifications.18 The original model had an
 

13
john Whitney. Formerly Research Ass4 scant, Consortium for the Study of 
Nigerian Rural Development, Kano, Northern Nieria, Personal Communication, 
November, 1968. 

14D.W.M. Haynes, Ox-dkawn Impememnt6, Papers on Agricultural Engineering 

in Northern Nigeria (Kaduna, Nigeria: Ahmadu Bello University, Institute 
for Agricultural Research and Ministry of Agriculture, 1964), p. 1. 

15
J. Turner, Factory Manager, Tohn Holt Agricultural Engineers, Ltd.,
 

Zaria, Northern Nigeria, Personal Communication, November, 1968.
 
16
Whitney, op. cit..
 
17Ibid.
 

18
Karel Rigter, Christian Service Committee, Garu, Ghana, Personal
 
Communication, November, 1968.
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adjustable hitch for overcoming side draft, but since the farmers always
 

used the center hole it was simplified to a single center hook. (Figure 3.6.)
 

The original skid standard wore rapidly in the sandy soils and was
 

replaced by an adjustable standard with a sealed grease-packed roller

bearing wheel as the original adjustable-wing moldboards were always used
 

in one position to make a standard-width furrow 50 cm. wide, the final
 

prototype was designed with fixed wings and with each moldboard made of
 

one piece rather than two. The share was strengthened and attached with
 

flush bolts; the handles made adjustable for height; and the gauge wheel
 

and ridging element secured with strong hand.-twist bolts to permit quick 

adjustment and easy tightening.
 

These improved ridging plows represent the second group of agricultural
 

implements introduced by CSC into northeast Ghana. The first order of 40
 

production models was quickly sold to interested farmers early in 1967.
 

The present unit is made of simple, straight, bent or bolted pieces which
 

can be made and assembled by a local artisan or blacksmith. It can be
 

shipped and stocked disassembled. (Figure 3.7.) If the plow could be
 

made locally with semi-skilled labor from standard materials, a further
 

reduction of 25 percent of its imported price might be possible. Sales
 

to August 9, 1968 are shown in Table III. 2, along with prices of com

ponents. Farmers paid :ash for the plows; no credit was given.
 

The CSC is now developing attachments for insertion into the basic
 

frame in place of the ridging element, such as a groundnut lifter,
 

fertilizer placer, weeder, cultivator, and moldboard plow. The greatest
 

maintenance problem hai proven to be lubrication of the wheel bearings.
 

The CSC did not promote the second order of ridging plows because they
 

wanted farmers with more powerful oxen to buy the heavier and more expen

sive Emcot Ridger available through the Bawku Co-op Farmers' Union for
 

about $59.00.19
 

The MPLOS Ridging Plow, manufactured by John Darbyshire and Company,
 

Ltd., Somercotes, Derbyshire, England, is finely finished and appears
 

designed for good service and long life. Farmers find it easy to control;
 

and it can be pulled by one or two animals. Two types of ridging bodies
 

are available: a larger model with a 35 cm. share and moldboards which
 

expand from 30 to 75 cm. wide; Lnc a smaller unit with a 30 cm. share,
 

moldboards and shins 5 cm. lower, adjustable from 25 to 60 cm. in width.
 

Wings can be added if desired and both bodies make a ridge with a wide
 

base and round top. The ridger has a channel-steel hook-shaped frame,
 

adjustable head wheel and hitch point, and replaceable heel and shin pieces.
 

192Ibid.
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Figure 3.6 	 Garu. Upper Region, Ghana: The production model of a simplt,

light-weight, low-draft, all-steel ridging plow 
The complete
 
plow shows its relative size to an average size Ghanaian.
 
The gauge wheel, plow standard and handles are adjustable for
 
different sizes of men and oxen. To November 1968.51 plows

have been 5uld to small farmers by the Christian Service
 
Committee (CSC). The plow components are made in Holland and
 
shipped disassembled to Ghana. 
The CSC plans to furnish
 
attachments 	for groundnut lifting, cultivating, and fertilizer
 
sidedressing. (AFR-239)
 

Figure 3.7 	Garu. Upper Region, Ghana: Dutch-built CSC ridging plow
 
This disassembled view shows the bottom of the frog and the
 
moldboard assembly. The completed plow is sold slightly
 
below cost ($38.00) Lo farmers. (AFR-242)
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SALES AND PRICES OF CHRISTIAN SERVICE COMMITTEE
TABLE I1. 2 	 a
 
GHANA
RIDGING PLOWS AND PARTS: 


Original Sales
 
Item quantity to date Price
 

Complete plow 104 11 $37.45
 
Wheel and fork assembly n.a. ] 6.90
 
Wheel, bearing and grease caps assembly 6 0 2.96
 

-Axle plus split pins 24 2 .49
 
-Bearings 20 2 .74
 
-Grease seals (two) 20 pr. 2 .20
 
-Split pins 21 sets 2 .05
 

Element complete assembly + 40 7 13.80
 
-Point (small) + 100 17 1.97
 
-Bolts and nuts 100 21 .06
 

Chain n.a. n.a. n.a.
 
Spanner + 72 18 (-4) .39
 

aSales from June 1 to August 9, 1968. The first group rf 40 complete plows
 

designed by Egbert Dykstra was sold in 1967/68.
 

This chain-pulled ridger is recommended for use when the ground has not been
 

destumped 	as It is easily maneuvered around obstacles.
 

d) New Types of Moldboard Plows During Study Team travels, a
 

limited number of improved animal-drawn turning plows were seen being tested.
 

distributed and use6 in eastern Africa. In central, northern and southern
 

Tanrania, in central, eastern and northern Kenya and in central Ethiopia
 

there is considerable interest in moldboard plows. The Tanzania Agri

cultural Machinery Testing Unit (TAMTU), near Arusha, has tested a number
 

of plows and other implements and given them to farmers to use under typical
20 
farm conditions TAMTU is also working on a modified design of a wheel

carried, single-furrow, self-guiding moldboard plow that can be manufactured
 

locally. A number of prototypes have been built and the latest model looks
 

promising. Currently available to farmers are several German and Indian
 

plows that have been introduced to take the place of the now-banned but
 
2 1 
very successful SAFIM plow, still made in South Africa. The Kenya
 

Agricultural Machinery Unit (KAMU) and the Chilalo Agricultural Development
 

Unit (CADU) in Ethiopia are likewise testing and promoting the use of
 

improved moldboard plows.
 

The Gallon plow made by Efka Klausing, West Germany, is a light-weight,
 

chain-pull, two-wheel plow that requires two oxen under good moisture
 

20

Ministry of Agriculture, Forestry and Wildlife of Tanzania, Te.6t 

RepOmt Nos. 4/62/63; 5/62/63; 6/62/63; 2/65/66; 3/66/67; 4/66/67, (Tergeru, 
Arusha, Tanzania: Northern Research Center, Tanzania Agricultural Machi
nery Testing Unit (TAMTU]). 

21

South African Farm Implement Manufacturers, Ltd., Vereeniging,
 

South Africa, associated with Massey Ferguson Ltd., Toronto.
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conditions in light to medium clay soils, and four oxen on heavier soils
 

or under dry, hard conditions. It cuts a furrow 25 cm. wide, 12 to 15 cm.
 

deep and does a good job of covering trash and fairly heavy vegetation. One
 

of its principal features is self-guidance, with the furrow wheel acting
 

as a steering guide. It was observed in use with four medium-sized oxen
 

in tandem pairs moving at a brisk walk. Two operators controlled the
 

plow and the teams with whip and voice. The interviewed farmer was very
 

pleased with the plow's performance and ease of use. (Figure 3.8.) He
 

had previously used a tractor for four years but has gone back to animal
 

power because he could not afford to pay the high operating charges and
 

loan cost of the tractor.
 

The same basic design !.ia,ailable in a two-furrow model with steel
 

frame, land and furrow wheels. 22 Its twin moldboards cut a path 58 cm.
 

wide and require at least four large oxen to pull it and under difficult
 

conditions would undoubtedly need six or more. It is also reported by
 

the farmer as easy to use as a self-guiding plow.
 

The single-furrow Cockade I plow, manufactured by P. Mohlhoff, West
 

Germany, carries a low price of $16 in Tanzania. It cuts a furrow 12 to
 

20 cm. wide and plows to a depth of 6 to 18 cm. For an all-steel plow, it
 

is light, weighing only 34 kg. The main beam of 10 kg. channel-section
 

steel is equipped with an 18 cm. steel gauge wheel, a 1.5 kg. solid forged
 

steel share, and 3.2 kg. steel moldboard. A knife coulter is also available.
 

Either a fixed or adjustable ridger body can be attached tu the
 

beam in place of the plow body. The Cockade 85 body makes 90 cm. ridges,
 

and the Model 86 adjusts for 30 to 90 cm. ridges. The former, costing only
 

$10, makes an inexpensive dual-purpose implement for the cash-short farmer.
 

The Cockade ox-plows are currently being imported into Tanzania in large
 

quantities.23
 

The Cossul steel plow made by Cossul & Company Pvt. Ltd., Kanpur,
 

India, appears identical in design to the Cockade I above, with slightly
 

different specifications. The furrow has a width of 23 cm., a maximum
 

depth of 15 cm., weighs 38 kg. and sells for $14. Share, breast, and
 

landside are forged steel bolted to a pressed-steel bottom. Depth can be
 

adjusted by raising or lowering the head wheel, by shifting the vertical
 

hitch or plow clevis, or by adjusting the length of chain hitched to the
 

plow. The ridger attachment, patterned after the Emcot with wing
 

22Ministry of Agriculture and Cooperatives, Avtt-aboLLty o6 Ox-dAon
 
Equipmemt, Ref. No. P/Q (mimeographed) (Dar es Salaam, Tanzania:
 
September,1968), p. 3.
 

23 Ibid., 
p. 3.
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Figure 3.8 	Arusha, Tanzania: Improved moldboard plow and four oxen
 
The Tanzanian Agricultural Machinery Testing Unit has
 
loaned this improved self-guiding German plow to 
a co
operative farmer. Note guide wheels and chain in place
 
of tongue. (AFR-128)
 

Figure 3.9 
 Improved Far East (Indian type) steel moldboard plow This
 
plow is extremely simple n design and can be locally pro
duced by trained blacksmith3. While very light-weight it 
is sturdy and maneuverable. The single handle fits the 
traditional method of whip and voice control and leaves one 
hand free for directional guidance of both oxen and imple
ment. (AFR-465) 
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attachments for making 90 cm. ridges, is more expensive at $22.00.
 

The Cossul ox-plows are currently imported into Tanzania in large 

quantities and available throughout the country. Credit for tle purchase 

of ox-drawn equipment by co-operative unions and individual farmers is 
24
 

available through the National Development Credit Authority (NDCA).
 

The improved Far East moldboard plow, an improved simplified all-steel
 

moldboard plow with wooden beam developed in India and Pakistan, is being
 

tested In Ethiopia by CADU. Designed for small oxen it has only one 

handle allowing the other hand to be used for animal control. In preli

minary tests it performed very satisfactorily. It can either be imported 

or fabrizated locally at very reasonable cost. (Figure 3.9.) 

VITA improved village plow was developed in Afghanistan by field staff 

members of Volunteers International Technical Assistance (VITA). A large 

number of native plows were studied and the best features of each combined 

into this improved simplifted version called the village plow. It was
 

brought into eastern Africa by VITA volunteers and currently is being
 

evaluated in Ethiopia by CADU. It performed well in preliminary tests.
 

(Figure 3.10.)
 

e) New Types of Multi-Purpose Tools and Toolbars In both eastern
 

and western Africa, a number of improved multi-purpose tools have been tested,
 

demonstrated, and recommended to farmers. The greatest disadvantage is the
 

relatively high price characterized by present low volume production.
 

Fa..n eveA~ldime CZke thena, and woued p tchaze .th e .tooCs i4 cucd.t ene 

avaabte and i6 they wete abJe to inc~ct.ae prduc.tion ciency enough 

to waAVantt thie extta cost. Both the French and the English have pioneered 

work on animal-drawn toolbars, with the National Institute of Agricultural 

Engineering (NIAE) in Silsoe, England taking the lead in early development
 

in the United Kingdom, and the Mouzon Frares Societe, Seine-et-Oise, Paris,
 

pioneering work in France. In general, the approach has been to meet the 

farmers' needs at lowest cost with a skid-mounted animal-operated tool 

which can be used for all basic field work with primary emphasis on tillage 

and cultivation. A more versatile and sophisticated toolbar is mounted
 

on rubber tires which makes it usable for transport and cart work on any
 

surface.
 

NIAE animal-drawn toolbar was tested in Nigeria and East Africa by
 

agricultural research institutes and by agricultural machinery testing
 

units. Patent rights have been granted to two firms to produce it. One 

firm in England is now manufacturing it tn quantity and placing emphasis 

241bid., 
p. 1.
 

2-181
 

http:inc~ct.ae


This moldboard plow was
 

designed by field staff members of Volunteers International 

Technical Ass',tance (VITA) from the best features of a 

nunber of Afgiiiistan native plows. This sample was brought 

into Ethiopin f.. trial by the Chilalo Agricultural Develop

ment Unit (CADU). (AFR-435)
 

Figure 3.10 	 Improved Middle East village plow 


Figure 3.11 	 NIAE (British-designed) all-purrose animal-drawn toolbar
 

The National Institute of Agricultural Engineering has
 

pioneered work on multi-purpose animal draft implements and
 

tools for developing countries. The unit comes in both low
 

and high arch designs and features a removable box or plat

form for hauling as well as attachments for multiple patal

lei-row planting, cultivating and sptaying. (Photo
 

courtesy of T.J. Willcocks, NIAE, Silsoe, England)
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on overseas promotion having already supplied 2,000 units. Gambia has
 

approved it for use in their program of improved farming with ox-drawn
 

equipment. A high-arch version also ass been developed for use in eastern
 
25 


ani central Africa. (Figure 3.11.)
 

In Kcnya, Cooper used the NIAE prototype toolbar fitted with a
 

victory-type plow to break and turn difficult pasture land. "In addition
 

to plowing, this toolbar can be fitted with attachments for seedbed prep

aration, tie-ridging, inter-row cultivations and transport purposes. In
 
2 6 

ox driver may be seated on the implement."
all operations, the 


APLOS animal-drawn toolbar, based on the NIAE design, is manufactured
 

by John Darbyshire and Co. Ltd., England. The implements are well finished
 

and come ir.several models. Table III. 3 lists attachments and factory prices
 

for the three current models, Mark II, Mark III and Mark IV. The toolbar
 

is designed to be pulled by two oxen, and to permit the operator to walk or
 

ride as work permits. The basic unit consists of an all-steel tubular
 

frame with a hand-activated lift-type toolbar on which various attach

ments can be mounted or fastened. A rigid tongue of wood is attached to
 

the animals' neck yoke to permit positive control of all implements, with
 

well-trained oxen. The whole unit is supported by standard-sized automotive

type wheels, bearings and tires.
 

The basic toolbar consists of a main frame with wheels, four tool
 

clamps, two cart brackets and a combined box spanner and tommy bar. For
 

complete versatility in plowing, hoeing, seeding, weeding, groundnut
 

lifting and transportation, tilefollowing attachments can be fitted to
 

the basic toolbar: a steerable toolbar, a pony moldboard plow, a ridger,
 

four 13 and 25 cm. center shares, a seedcr, a groundnut lifter and four
 

spri'g tines for weeding. By putting the toolbar in the in-work position,
 

a locally made cart platform can be mounted on the cart brackets and tongue.
 

The Mark IV, designed recently for the western African countries, has 

a very simple, straight lift mechanism operated from the rear. It was 

developed specially for all countries where animals are smaller and have 

insufficient strength to pull against excessive trash which may accumulate 

ahead of the soil working parts. With this mechanism the farmer operating 

the unfL can, with slight effort, partially raise the coil-spring-assisted 

rear position of the toolbar. This will bring thr. cultivating implement 

25T.J. Willcocks, Anoima-D VA 
 ToodaA, ADT. Overseas Liaison Unit, 
Technical Bulletin-No. 2, (Silsoe, Bedfordshire, Englana National 
Institute of Agricultural Engineering, January, 1969), p. 2. 

26S.W. Cooper, "Mechanization on Small-scale Farms and Ox-drawn 

Implements, Part I", Kenya Cof6ee, Vol. XXXI No. 368, t.pril)1966, p. 1. 
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'ABLE II. 3 APLOS ANIMAL-DRAWN TOOLBA&. a ATTACHMENTS AND PRICES 1968 

Attachment 


Main frame assembly with clamv, 

platet and angle and side lint 


Cart brackets set with bolts 


Ridger assembly 


Plow-stalk and ridger-stalk stay 


Tool clamps set 


Steerable toolbar assembly 


Tommy bar 


Tool stalk set 


Points set 


13-cm. share set 


25-cm shares set 


Bolt for points or shares set 


Pony plow assembly 


Groundnut lifter assembly 


Canadian spring-tine assembly 


Total Price (FOB factory) 


Mark II Mark III Mark IV 
Rear or 

forward control 
$91.00 $94.00 $91.00 

6.65 6.65 4.89 

15.29 15.29 15.29 

2.88 2.10 2.49 

9.84 9.84 9.84 

11.90 11.90 11.90 

0.76 0.76 0.76 

7.96 7.96 7.96 

1.50 1.50 1.50 

1.68 1.68 1.68 

2.88 2.88 2.88 

0.84 0.84 0.84 

18.97 19.67 18.97 

5.71 5.71 5.71 

7.02 7.82 7.82 

$185.00 $188.00 $183.00 

aJohn Darbyshire & Co. Ltd., 20 Nottingham Road, Somercotes, Derbyshire,
 

England.
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out of the ground, quickly clearing the trash and enabling the animals
 

to move ahead.
 

This feature is very useful, when the ground has not been destumped
 

and where the cultivation point has to be continuously raised out of the
 

ground to avoid striking or hanging-up on obstacles. To permit the operator
 
2 7
 

to remain seated, the machine is also equipped with a forward-control lever.


Ariana ox-drawn toolframe is a multi-purpose generally wheelless
 

toolframe, sold in western Aftica and tn East Africa, manufactured in
 

Kenya by Heat Exchangers Ltd., P.O. Bo;c3070, Nairobi, Kenya. Originally
 

developed by Jean Nolle, now affiliated with Mouzon Manufacturers, it
 
28
 

is supplied to western Africa from France.
 

The basic systew.sold in Africa consists of the main frame with skids;
 

a reversible two-way, single-furrow moldboard plow; a set of three spring

cultivation tines; and duck-foot hoes. With this unit, all basic primary
 

and secondary tillage and weeding operations can be )erformed. Ridger bodies
 

and a steerable toolbar also are available. Approximate prices in western
 

Africa are $193.00 for the basic system, $12.00 for the ridger body, and
 

$39.00 for the toolbar. Tool prices for eastern Africa are given in
 

Table III. 4.
 

As produced in Kenya, the main frame includes the chassis, two handles,
 

two steel gauge wheels or two front skids and clamps, regulators and
 

chain and a pulling chain. The frame is made of heavy, rectangular steel
 

bars with a V-shaped nose. Hitch point, front-mounted skids and rear

mounted handles are adjustable for height. (Figure 3.12.)
 

A wide range of tool attachments, some described below, are available
 

for the Ariana; they are also interchangeable with the French-made
 

Tropiculteur and older Polyculteur wheel-type toolbars. All attachments
 

clamp across the back of the rear-frame member except for the two-row
 

seeder which clamps onto the side-frame. The clamps feature an eye-bolt
 

tipghtener which can be turned with a short round iron bar. In addition,
 

other tools are available such as disk seeder, leveler, roller, fertilizer
 

distributor, and broadcast seeder. Technically, this is one of the best
 

multipurpose animal tools, reasonably priced and widely distributed in
 

Equatorial Africa; however sales to date are nominal.
 

1. The Ariana Uganda-type plow is a fixed single-furrow heavy-duty 

2 7 
Instructor's Manual, Modemfl Fouitng wtoJI APLOS Machiney,(Somercotes, 

England: J. Darbyshire and Co., 1967).

2 8 

Jean Nolle, A4Zana nhtAuWS on Manuat, (mimeographed) (Seine-et-Oise, 

Paris: Mouzon Fre'res Societe', constructeur, A. Luzarches. 1965).
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TABLE III. 4 ARIANA OX-DRAWN TILLAGE AND CULTIVATING EQUIPMENTa 1968 

Chassis 

Ariana Ox-drawn Toolframe 

Ariana Basic Unit 

Price 
dollars 

23.85 
Handles with nuts and bolts 6.86 per pair
 
Regulator with bar and clips 4.86
 
Regulator chain 6.86
 
Skids (left and right) with pins 12.85 per pair
 
Clamps and screws 2.86 per pair
 
Pulling chain 3.29
 

Basic Set complete 61.00
 

Ariana fools (Interchangeable with Tropiculteur)
 

Fixed Uganda plow, complete 38.60
 
Reversible plow, holder and bodies, complete 83.60
 
Extension toolbar 13.72
 
Long spring tine (less blade) 4.15
 
Short spring tine (less blade) 2.57
 
Duck-foot blade, with nuts and bolts 1.00
 
Right, 1/2 duck-foot blr'Je with nuts and bolts 1.29
 
Left, 1/" duck-foot blF.,e with nuts and bolts 1.29
 
Groundnut digger, body and blade 22.00
 
Chisel plow, body and blade 22.00
 
Spring-tooth harrow (107 cm.) 25.15
 
Disk harrow 172.80
 
Extra clamps 1.43
 
Spanner 3.14
 

aprice List No. 40 (1966) received from manufacturer, Heat Exchangers Ltd.,
 

Nairobi, Kenya, January 1968. All prices are approximate and FOB factory.
 

turning plow. It cuts a 23 cm. furrow and will plow to a depth of 18 cm.
 

Depth is controlled by adjusting the height of the skid legs and the hitch
 

regulator.
 

2. The Ariana reversible plow is a two-way single-furrow moldboard
 

plow pivoting on a round beam. Individual right- and left-hand plow bodies,
 

positinned about 80 apart rotate and lock into vertical position to turn
 

either a left- or a right-h,;d furrow. To turn at the end of fields, the
 

pluw and frame are lifted out of the ground by hand.
 

3. The Ariana simple ridging plow uses a different standard than the 

chisel plow. The extension wings are adjustable and the implement can be
 

hitched for straight traction for primary tillage or for offset ridging or
 

reridging. It can be used with the groundnut lifter mounted on the front
 

crossbar as a ridge splitter for combination splitting and reridging.
 

(Figure 3.12.)
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4. The Ariana chisel plow, a heavy-duty soil-profile ripper for
 

tillage deeper than ordinary plowing, has a single-beam body and blade. The
 

beam is equipped with a vertical body about 6 cm. wide and 30 cm. deep.
 

It can be used to break plow hardpan or for trash mulch tillage of semi

arid lands subject to wind and water erosion.
 

5. The Ariana cultivator tines are individual heavy-duty curved-spring
 

tines welded to a square vertical bar and mounted with standard clamps like
 

those used for attaching the front skids. Replaceable cultivating and
 

hoeing teeth are bolted to the bottom and include a regular duck-foot blade
 

from 10 to 18 cm. wide and right- and left-hand duck-foot biades from 10
 

to 14 cm. wide. Both a long and a short spring tine are available. When
 

vegetation does not need to be turned under and soil tilth is good, these
 

spring tines can be used as a heavy-duty field cultivator for primary
 

tillage, besides hoeing row crops.
 

6. The Ariana extension toolbar allows extension of the working
 

width of the tool frame, and permits double-row mounting and staggering of
 

cultivator tines, when clamped to the rear of the main frame. This
 

extends the cultivating width from 68 cm. to 120 cm. and permits mounting
 

five or six cultivating teeth instead of only three on the main frame. In
 

heavier soils, or under difficult conditions and deep tillage, more power
 

is needed; either two large oxen will be required or two tandem pairs. Ox
 

farmers in Kenya and Tanzania commonly use more than two oxen for primary
 

tillage.
 

7. The Ariana spring-tooth harrow, a special seven-tooth spring harru.
 

with a working width of 105 cm., is designed for secondary tillage, pul

verizing and leveling of the seedbed, and covering of broadcast seed. It 

uses the short spring tines without replaceable teeth. 

8. The Ariana groundnut digger, using the same beam and clamp attachment 

as the chisel plow, has a heavy-duty horizontal blade about 8 cm. wide and
 

35 cm. long. The unit is used astraddle the row with the beam offset to
 

one side. Penetration and control are very good.
 

9. The Ariana disk harrow, a fixed-angle single-gang disk harrow, has 

three disks on each side throwing out, and a short spring tine for tilling 

the center. Equipped with 26 cm. disks it has a cutting width of 70 cn. 

A heavy tool and the most expensive attachment offered, it is probably one 

of the last tools the farmer would want unless he has a special need for it 

to prepare a nursery or truck garden seedbed . 

10. The Ariana two-row ceeder, originally supplied as a two-row disk
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Figure 3.12 	The Nolle (French-designed) Ariana skid-type multi-purpose 
ox-drawn toolframe pulled by chain tongue hitch This imple
ment is much less expensive than the wheel type units and 
the logical first step beyond tiheindigenous single-purpose 
plow to improved animal power. rhe ridging body attachment 
is shown. (AFR-138) 

Figure 3.13 	 The P Iy,:ulteur (French-made) ox- drawn wheel1-type toolbar
 
A full !.arrel of water is easily attached by raising the
 
tongue to '.,(..k back end of barrel and lowering tongue to 
hook a front U-lat,h to the barrel rim. The imported
 
wheel .ype multi-purpose toolbar costs over twice as
 
much as the skid type jr about $430. (AFR-139)
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type seeding unit, is patterned after the A. H. Engineering Co. seeder
 
made in Soroti, Uganda. 
 It may still be available. One disadvantage of
 
the rolling-wheel seeder is its small capacity and variability in planting
 
depending upon the amount of seed in the chamber. 
A weighted press-wheel
 
firms 
the soil around the seed after planting. While no cost was given for
 
the complete unit, the price of one basic A. H. Engineering Co. seeder
 
unit for attachment to an ox-drawn toolbar is about $30.00.
 

Polyculteur ox-drawn toolbar, like the NIAE model, 
is a tool carrier
 
mounted on 
roller bearing rubber-tired wheels. While it is much more
 
versatile and expensive, it 
uses the same tool attachments as the Ariana
 
toolframe. 
 The basic unit, comprising the main frame, wheels, spring 
tine
 
attachment and moldboard plow lists fur approximately $300. A cart body
 
is available to mount on the carrier for about $44. 
 An extension toolbar
 
with mechanical lift can be added to 
increase its capacity and utility.
 

The Tropiculteur ox-drawn toolbar is 
one of the most sophisticated
 
of the animal-drawn multi-purpose toolbars. 
 This is an improved model
 
of the Polyculteur modified to fit East African conditions. 29 


The basic
 
unit, including a hand lift, steerable toolbar and larger cart body, lists
 
for about $643.00 at the 
factory. The tool attachments are similar to
 
those used with the Ariana toolframe. Ic also features a special built-in
 

00
device to lift and carry a loaded 2
 -liter drum. (Figure 3.13.) It is
 
recommended to African farmers by agricultural officials and over two
 
hundred units have been sold in East Africa.
 

The Moroccan multi-purpose toolbar, an animal-drawn toolbar on 
sled
 
runners with interchangeable tools for primary and secondary tillage,
 
and for seeding has been developed by the Agricultural Engineering Service
 
of Morocco. 
Acceptance, sales, price and distribution are not known but
 
its design could be used for improvement of tools in Equatorial Africa.
 

Two multi-purpose tools were developed through an FAO project for
 
Libyan small cultivators. 
The improved breaking plow incorporates an
 
exchangeable plow share, weeding sweep, double moldboard and ridging body.
 
A new multi-purpose cultivator for arid regions has detachable crossbars,
 
tines, sweeps and ridging or hilling moldboards. It has possible 
use in 
arid equatorial regions. 

The Arara ox-drawn multi-purpose rtltivator is manufacturcd near Dakar, 

Senegal by the Societe' Industrielle Senegalaise de Constructions Me'caniques 

2 9
 
Jean Nolle, Le Tropicu.teut, ownel's Aalua 
 (Paris: Mouzon Tropiculteur, 

1965).
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et de Materiels Agricoles (SISCOMA) under license from its French parent
30 

company. The unit comes in four versions for groundnut lifting, culti

vating, plowing and ridging. The basic frame consists of a heavy,
 

rectangular, steel box-beam to which various components are bolted on the
 

rear. 
 Oznthe beam front a square socket is welded into which slides the
 

arm of the head wheel for depth adjustment. A five-position hitch plate
 

for the pulling chain forms the front of Zhe beam. Bolted on the 
rear
 

is a welded V-shaped handle assembly which can be raised or lowered 10 cm.
 

i. The grourrnut lifter consists of a vertical shank of rolled
 

steel fasten, y two bolts to the frame. Three different-sized wing
 

lifters are aailable with widths of 20, 30 and 50 cm. 
 Total weight of
 

the lifter is 23 or 24 kg.
 

2. The Arara Canadian hoe has three spring-tine blades with replaceable
 

points of either shovel- or reversible-teeth design. The front tine is
 

fixed, but a parallel-arm mechanism can be cranked forward to widen the
 

horizontal distance between the two rear tines or backward ta narrow
 

the tilling width from 22 to 17 cm. The cultivating unit fastens to the
 

beam with four bolts just behind center and its total weight is 35 kg.
 

3. The Arara moldboard plow is designed for a pair of oxen. Three
 

different furrow widths are available: 15, 20 and 25 cm. weighing 24,
 

27 and 36 kg., respectively. The plow bodies are interchangeable and
 

attach to the standard with two bolts. The one-piece share, moldboard and
 

landside heel units are replaceable. A traction regulator adjusts each
 

plow to overcome sidedraft and obtain correct line of draft.
 

4. The Arara ridging plow comes in three models. Two models have 

fixed wings of 25 cm. and 35 cm., weighing 22 to 23 kg., respectively.
 

The third model has vertically-adjustable wings to throw the soil wider
 

or higher. It weighs 28 kg. and features a replaceable, reversible point.
 

The Unibar ox-drawn toolbar, the latest entry in the multi-purpose 

animal-drawn implement line, is made by Project Equipment Ltd., Newton 

Toney, SalisburyWiltshire, England. it is being imported into both western 

and eastern Africa. The unit is the simplest and lightest type toolbar, 

inexpensive and sturdy. Some models have small wheels and an adjustable 

handle which tends to loosen. Due to its compact size, it can be used 

between rows In tall. crops like maize, guinea corn and sorghum. Its 

Y-shaped main beam serves as a single-row cultivator, ridger and weeder 

iSCO A, uLtcLctett Paas-Pwttout (license Arara). 
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to control yield-reducing weed growth in medium and light soil. Its
 

development was aimed at bringing the bEnefits of mechanized cultivation
 
31  
to the small farmer at a price within hiE means. (Figure 3.14.)
 

1. The Unibar cross-tying share features a cross-tying share 50 cm. 

wide designed to weed the furrows of ridged crops, while at the same time
 

forming dams at intervals. The cross ties impound rain from occasional
 

downpours until it soaks into the soil. One advantage of using oxen is
 

that they can step over existing cross ties, and cultivation can continue
 

even though some water may have collected.
 

2. The Unibat ridge splitter was designed around the minimum tillage 

principle of splitting old ridges to prepare land for planting with the
 

least man-hot~rs and lowest cost. More than one pass may be required to
 

open hard ridges but, in the last one, cross-tying can be done without an
 

extra operation. For this system of ridge cultivation, only three attach

ments are requiredi a ridger body, a cross-tying share and the combi

nation hoe and groundnut lifter blades. The ridger has a replaceable
 

point, and a vertically and horizontally adjustahle moldboard. The ridger
 

is equipped with a rudder for better control, and tail pieces can be
 

added to the moldboards for wider furrowing.
 

3. The Unibar moldboard plow is a 20 cm. single-furrow fixed plow 

used for farming on the flat. It features an adjustable moldboard which 

can be widened or narrowed to change the cut. For planting on the flat 

the attachments required are: moldboard plow, three- or five-tined culti

vator and hoe/groundnut blades.
 

4. The Unibar cultivator and groundnut lifter uses the same offset
 

blades in 20 and 25 cm. lengths for hoeing, weeding and groundnut lifting.
 

They can be turned in or out from center to work over or between rows.
 

A 20 cm. duck-foot share, 6 cm. cultivator points and 13 cm. grubber
 

points in sets of three or five are also available for weeding, as well as
 

a 30 tooth rotary cultivator and clod buster.
 

5. The Unibar seeder is a one-row seeder for maize, sorghum, guinea
 

corn and millet. It can be equipped with a separate fertilizer unit.
 

Three different combinations are recommended in Tanzania:
 

1. For farming on the flat the basic unit consists of the main frame,
 

skids, cross shafts, cultivator points, rotary cultivator and 15 cm.
 

3 1 
The Un bat Am&at-dqavn TooZ F~atm, (Project Equipment, Ltd., Newton 

Toney, Salisbury, Wiltshire, England, 1967) 
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Figure 3.14 

Figure 3.15 


The Unibar (English-made) multi-purpose animal-drawn toolbar 
equipped with ridger attachment V-bars in roar are for
 

attaching cultivator shovels or other attachments. Unlike
 
most toolbars this tool is narrow enough to pass between rows
 

of tall growing crops such as maize, millet and sorghum.
 
(AFR-273)
 

Hoe Sine 7 (French-designed) small tool carrier with a
 
groundnut lifter attached Two oxen are required to pull
 
this tool manufactured by SISCOMA factory in Senegal.
 

Various attachments are available for plowing, cultivating, 
furrowing, fertilizing, ridging, weeding and groundnut
 
lifting. (AFR-295)
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moldboard plow. For planting, cultivating and weeding, the unit lists for
 

about $64.00. A single-row seeder costs an additional $45 without fertilizer
 

unit.
 

2. For permanent ridge farming a basic set can do ridge splitting,
 

weeding, cross-tying, cultivating and lifting groundnuts. 
 The suggested
 

system consists of the basic frame with wheels, skids, cross shafts,
 

15 cm. plow body, ridger body, cross-tying and weeding share, cultivating
 

points and groundnut lifting blades. The approximate price is $76.00.
 

3. For both flat and ridge farming (including plowing, ridging, weeding,
 

cross-tying, cultivating and groundnut lifting), the complete system
 

cm.
consists of the basic frame, with wheels, skids, cross shafts, 15 


plow body, ridger body, cross-tying and weeding share, cultivating points
 

and groundnut lifting blades. The approximate price is $109.00.
 

The hoe Sine 7 is a multi-purpose tool built by SISCOMA under license
 

from32Mouzon Freres, France and is designed 
for a small horse, donkey or
 

It has a much lighter beam than the Arara and greater versatility
ox. 


than the Occideatale hoe. The T-shaped frame is supported by a head wheel
 

in front and is steered by double handles. The T-bar at the rear carries
 

most of the attachments except for the front-center stcndard for culti

the ma:n frame. A
vators and weeders mounted ahead of the handles on 


variety of equipment can be attached, of which the Canadian hoe and
 

For prices of
groundnut lifter are the most popular. (Figure 3.15.) 


selected SISCOMA implements see Table III. 5. Available attachments are:
 

1. A flat, wide, V-shaped attachment for shallow weeding and culti

vating in between narrow rows.
 

2. A set of two fuzrowing or listing bodies preceeded by a smaller flat
 

V-sweep for weeding between the furrows.
 

3. A Canadian-type hoe with three spring tines and replaceable
 

points. Two 16 cm. duck-foot tines or reversible chisel teeth are
 

spaced as desired on the T-bar and one in front center.
 

4. 	A fertilizer distributor for use with the Canadian hoe before or
 

to operate
after planting. A larger front wheel is used with a crank arm 


the fertilizer agitator and feed mechanism.
 

5. A set of three rigid cultivating-shanks with grass or duck-foot
 

shovels designed for narrower, deeper penetration.
 

6. A flexible spring-tooth finger weeder with two rows of teeth for
 

3 2 
Tiopictutte, ta Houe SiLe, Syq6teme Notte-bttne& Mouzon, General 

Catalog, Attachments, Scheme of utilization and instructions (Paris:
 

Mouzon Tropiculteur, 1966).
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TABLE III. 5 ANNUAL PRODUCTION AND PRICES OF SELECTED SISCOMA 
IMPLEMENTS 

Price Number Produced Annually
Agricultural Equipment by Trade Name (1968) 1963 1964 1965 1966 1967 1968
 

Semoirs (seed drills) dj s 32,172 18,000 12,000 13,230 13,000 15,702
 

Houes Occidentales (donkey or horse hoe) 25.75 15,000 3,324 6,003 16,031 17,353 13,372
 

Houes Sine (small animal hoe) 30.00 5,293 - - 2,827 16,723 5,222
 

Souleveuses Arara (harvester) 34.55 2,006 1,008 1,000 703 600 447
 

Charrues (plows) 39.70 3,912 1,507 800 947 1,000 510
 

4 6
 

b 

Charrettes Equines (horse carts) 10.80 420 178 250 2,000 3,000 6,500
 

b 

Charrettes Bovines (ox carts) 108 80 - 831 230 - - 400 

Charrettes Asines (donkey carts) - 35 251 1,468 2,293 1,001
9 0 .4 0 c 


Souleveuses Firdor (harvester) 
 15.43 - - - 13,850 4,180
 

Houes Ariana (Ariana hoe) 141.50 - 404 88
 

Cracker Colin (Colin nut cracker) b - - 37 - 
5 0 6 .5 0
 

Houes Saloum (Saloum hoe) n.a. 106 138 -


Polyculteurs (polycultivator) n.a. 1,229 -


Epandeur d'Engrais Irho (fertilizer spreader) n.a. 4,585 -


Moulins a Nil (millet grinder) n.a. 250 

alnformation supplied by M. Martinetti, Maaager, SISCOMA Factory (26 July 1968). 

bprice as of 1964-65. 

cPrice as of 1966-67.
 



early weeding of very small plants.
 

7. A standard 15 cm. moldboard plow with replaceable landside and
 

share.
 

8. A standard 30 cm. fixed-wing ridging plow with replaceable point.
 

9. A groundnut lifter with three different-sized symmetric winged
 

blades 20, 30, or 35 cm. wide.
 

Haynes makes the following comments in regard to the possible market 

in Nigeria for the Sine 7 hoe. 

The fertilizer distributor is extremely simple, consis
ting of an oscillating finger over a hole. Whilst the appli
cation rate could be reduced from 150 lb. [68 kg.] per acre by 
using a smaller hole, this might lead to blockages with the 
granular superphosphate used in North Nigeria. Further, this 
type of distributor must of necessity be inaccurate and it is
 
possible that it will not prove satisfactory in areas where
 
economic responses are only obtained from a narrow range of
 
application rates.
 

Without an extension camnaign, the market for these hoes 
is probably small, say 30 - 40 per year, but they are compact
 
and could be imported without difficulty. Even the improved

front wheel bearing of the SISCOMA version, however, might 
prove unreliable in sandy soil and supplies of sSares and 
re

3
 
placement hoe blades would have to be organized.
 

The Occidentale hoe, a light-weight, simple tillage tool, was
 

designed for use with one animal for weeding, cultivating, ripping and
 

surface scalping. It adjusts easily and has interchangeable standards
 

and shovels. Three teeth are used in all cases with one in front center 

and two in the rear adjustable from 35 to 83 cm. (Figure 3.ic.) It
 

may be used:
 

1. For heavy tillage with 15 cm. duck-foot shovels, the maximum
 

width is 50 cm; total weight is 16.7 kg.
 

2. For regular cultivating with diamond teeth, the maximum width
 

is 78 cm; total weight is 16.3 kg.
 

3. For ripping, the maximum width with pointed shanks is 45 cm; 

tot I weight is 16.1 kg. 

4. For surface weeding with winged-center shovel and half right

and left-hand offset shovels, the maximum width is 83 cm; the weight 

is 16.5 kg.
 

Haynes makes the following comna.tits on the Occidentale hoe: 

This hoe was recommended by CRA as superior to the 

33D.W.M. Haynes, Repo't oil Vi6it .to Senege, Papers on Agricultural 
Engineering in Northern Nigeria (Samaru, Nigeria: 
 Ahmadu Bello University,
 
Institute for Agricultural Research, 1964), p. 5.
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Figure 3.16 	 Occidentale (French-designed) multi-purpose animal-drawn hoe

The implement's light weight permits it to be 
pulled by a

single donkey, horse or ox. 
 It Is versatile, relatively
inexpensive and recommended by the Bambey Centre for Agro
nomic Research in Senegal. (AFR-311)
 

Aw .1WA-V , 1i° ,. , ... ,-.1 . 17" ,- , -

Figure 3.17 	Tanzania: Triangular spike-tooth harrow 
This rugged and
simple wood frame harcow can be essily f..bricated from iron 
rods and timbet. Undersize holes in the freme per.it the peg teeth to le driv,n down to proper length as they wear 
off. It h s skid blocks on the top so that it can be turned 
over for transport. (AFR..5I1) 
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more-recently introduced Sine 7. 
It is lower than the Sine 7
 
and might be more easily controlled on flat land but would be
 
of no practical use at all on ridges. 
 No other attachments
 
(fertilizer box, ridger, etc.) 
are available for this single
purpose implement which costs about the same as the multi
purpose Sine 7. Unless 
it proves markedly superior on flat
 
land, there would be little point in importing the Occidentale
 
hoe in preference to the Sine 7.34
 

f) Field Cultivators and Harrows These single-purpose tools, 
whether locally-made or imported, are most suitable for purchase by an
 

animal-powered farmer who already has a plow. 
 The primary purpose is 
seedbed preparation, clod-breaking and leveling. On light soils and
 
self-mulching vertisols they can be used without plowing. 
Tile can also
 
broadcast seed, break up soil crusts, control weeds and aerate 1 ,stures.
 

The Cossul spring-tooth harrow, being sold in Tatizania, Is suitable
 
for deep tillage work in ground with roots 
and stones. It can work to
 

a depth of 12 to 15 
cm. and the spring action loosens the sod for rapid
 
aeration and drying. 
An angle iron fiame on skids carries five to seven
 
spring-tine teeth adjustable for depth. 
 Power required is two oxen for
 
a five- to seven-tine model selling for $26 
to $29 and weighing 40 and
 

57 kg., respectively .
 

Hopfen further describes this tool:
 

The teeth of this type of implement are made from spring

3teel, flat on section and very curved. Attached to cross-bars
 
they vibrate as they progress through the soil. The cross-bars 
can be rotated through a small angle with a lever and thereby
the hitch, and consequently the penetrating depth, can be regu
lated. Each spring has a renewable working point [on better 
harrows] .35 

The spike-tooth harrow, also sold in Tanzania, Kenya and Ethiopia,
 

is a spike- or peg-tooth harrow. A multi-purpose tool, it can be used
 
with two oxen for leveling after plowing, firming seedbeds, breaking
 

lumps, covering seed and lightly breaking crusts 
for better germination
 

in event of hard rains after sowing. Tooth angle is adjustable for
 
penetration and runner pegs are 
used for transport. Three sizes 
are
 
available with 18, 25 and 30 
teeth, weighing 27, 33 and 51 kg. in turn.
 
Prices in Tanzania are 
about $17.00, $25.00 and $34.00, respectively.
 

Although one of the commonest implements for seedbed preparation in
 

temperate zones, its 
use has not been promoted in Equatorial Africa. It
 
could be locally-made with a horizontal wooden or iron frame with cross
beams to which rigid, straight or slightly-bent steel teeth or tines are
 

3 4 
Haynes, Report on a Vi4t to Se~negae, pp. 5-6.
 

35

Hopfen, op. cit., 
p. 66.
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attached in a variety of ways. For smoothing tilled fields the implement 

is used upside-down with its teeth out of action. Hopfen cautions, 

"It is not very effective in arid zones where it tends to pulverize the 
3 6 

t.,o much."soil 

The local triangular spike-harrow, developed by the Tanzania 

Agricultural Machinery Testing Unit (TAMTU) after an Indian model, is 

a heavy wood-frame harrow, shaped like a triangle, using extra length
 

metal rods driven through undersized holes. As they wear off, the rods
 

are driven down to normal depth. The unit can be tur.'d upside-down 

for transport on skid blocks. Construction is simple and any carpenter
 

or craftsman can make one from simple drawings. The unit is 90 cm. on 

one side and 120 cm. on the other sides. Weight depends on size of wood 

frame but varies from 30 to 60 kg. Two oxen are required for power. 

(Figure 3.17.) Price is variable but should not exceed $15. 

Many different versions of linked, loose-jointed harrows are made 

in various countries. Factory-made metal units are made with steel 

They tend to flex with the ground surface 

and do less leveling than a rigid harrow. They are used generally for 

very light tillage, early weeding, seed covering and sometimes for 

spreading manure. Longer teeth on one side give two working depths. 

A .sspfCe wood-boA AfxibPe havtow was deuPc, bed by the Cntctaf Teaty 

Organzzato (CENTO) Tavef-ing Semnnah in Paki.tan. It eoufd be made 

became o6 it good dezign, woued be a 

rods hooked together in links. 

tocaf~y in any cuwt'uj atd, 

teteome addittoii to mect acAujal-poweed fa~sn fort 6econdwyuj t~tage. 

It is made of three or four beams linked together by attaching the top 

of the front beam to the bottom of the rear beam with short metal eye 

rods. This keeps the teeth vertical but permits flexible action to 
37
 

clear debris and pass over obstacles.
 

Planting 

Methods and timeliness in sowing strongly influence germination, 

seedling growth, need for and nature of subsequent weeding and ultimate 

yield. Seeds and seedlings must have good environment for rapid and 

sustained growth wich adequate moisture, aeration, temperature and 

nutrients. Main methods of seeding are broadcasting, drilling and planting 

on upland soils and transplanting in .lowland paddy fields.
 

3bbid.
 

37

Central Treaty Organization, Op. cJt., p. 117. 
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Technical Factors and Constraints
 

Hand Planting Operations
 

1) 
 Tools and Practices
 

In Equatorial Africa, hand farmers use practically no mechanical 
device to distribute or place seed. 
 On 
small fields, seed is manually

scattered or dropped Into prepared holes or 
furrows. 
 On larger fields,
it is usually broadcast by hand In an arc in front of the sower. 

a) Broadcasting In broadcasting by hand, the only aids used are 
a basket, waist-sack or gourd to hold the seed. The average sowing
width is 2 to 3 meters. The hand broadcast-fiddle used in Asia and the
 
Far East, mentioned by hupfen, 38 was not observed in use 
in Equatorial

Africa; nor was 
the cyclone crank-operated hand-seeder commonly used in

America and Europe for sowing cover-crops and grass seed. However, when
used with a steady walk and a constant cranking speed, 
the cyclone seeder

gives quite accurate distribution up to a width oi about 8 meters and is 
a marked Improvement over hand sowing.
 

In Ethiopia practically all seed is broadcast regardless o' the method
of tillage. In the highland areas it is sown just ahead of the fourth 
plowing. (Figure 3.18.) In the southern hoe-farming areas, small grain

seed over the prepared ground .
 

is manually scattered 
It may be lightly


hoed over, trampled in by animals, 
 or left for the rains to cover in the
rough cloddy land. 
 Tc6 (lovegrass) is traditionally trampled Into 
the

ground by driving animals over the field. Subsequent rains complete thejob of covering but very small .te6 seed must be firmly iL,."sed into the 

3 9 ground or rains will wash it away.
 
In the large commercial farm area 
 in the Setit-flumera plains of 

nortluest Ethiopia the seeds of cotton, dura and sesame are broadcast
by gangs of sowers after the land is prepared by tractor and disk-harrows. 
As many as 30 to 
40 men advance across 
large fields. Since about one
fourth hectare can be sown per hour, about 60 hectares can be sown in an 
eight-hour day.
 

Selection and cleauliness of home-grown seed affect germination 
and weed infestation. Bengtsson says,
 

The major part of the farmer. (83%) declare that theyclean their seed in order to obtain a better planting material
 . . . [with] a small basket which is shaken and by help of the 

38

Hopfen, op. cit., 
pp. 77-78.
 

39

Bengtsson, 
op. 04$,, p. 22.
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wind, the weed seeds could be separated from the grain.
40
 

The present seed rate among farmers is much higher than that proven
 

best in CADU experiments and trials in Ethiopia. See pp. 2-210 and 2-212.
 

In other parts of elevated eastern Africa, small grains and oil
 

seeds are broadcast by hand farmers and covered primarily by hoeing. The
 

large, commercial wheat areas are highly mechanized and most grain is
 

sown with tractor-drawn seed-drills. Maize, the staple food, is planted
 

in hills with a hoe; but in a few instances it is broadcast.
 
[land farmers in Ghana, Nigeria, Ivory Coast, Senegal and Gambia, in
 

western Africa, raise few small grains and consequently seldom use the
 

broadcast method. Some rice is raised on uplands in animal-powered areas
 

and In the wet valleys with supplemental irrigation. The Far East method
 

of transplanting seedlings in paddy fields by hand is generally followed
 

for irrigated rice. On most upland fields, the rice is sown by tractor

drawn seed-drills; where sowing is done entirely by hand, it Is broadcast
 

or dribbled into shallow furrows.
 

b) l ll-Plantin' MUst hand farmers plant large seeds by placing
 

a set number in hills, mounds or ridges. In shifting agriculture and 

minimum tillage cultivation holes are dug in cleared, and often burned

over, ground in a random manner with a hoe or planting-stick. The entire
 

area is seldom dug up, but only the ground around the hill tilled for a
 

diameter of 15 to 20 cm. In settled agricultural areas, the land is
 

generally worked completely to prepare beds for planting seeds, root

stocks or seedlings.
 

In southwest Ethiopia, the Anuak and Nuer peoples raise maize and
 

sorghum. Their method of hand-planting maize and sorghum is discussed 

in Chapter II.
 

Van Beyma, an agricultural missionary with the American Presbyterian
 

Mission, has worked with the hand-cultivators in southwest Ethiopia to 

develop a planting-stick for hill-planting. The common hoe har been 

modified by replacing the solid handle with a hollow bamboo tube and 

cutting an opening in the side of the blade 5 cm. from the bottom. In
 

operation the blade is jabbed into the soft ground and moved back and
 

forth to form a wedge-shaped hole, so seeds dropped down the tube fall
 

out tL.eblade opening.
 

In Kenya and Tanzania and other parts of eastern Africa, no data were
 

obtained on hand-planting methods or rates. In general, however, the
 

40 ibid., 
p. 21.
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Figure 3.18 Ethiopia: Broadcast seeding 
 Hand seeding in and between
 
plowed guide rows which will be completeiy plowed to cover

the seed. This results in many seeds being buried too deeply

and some not covered at all giving spotty and thin stands.
 
Seeding rates 
are usually double those required with more
 
scientific practices. (AFR-544)
 

Figure 3.19 Technohac(Israeli) 
 vegetable and cotton seed hand-wheel
 
planters This type of mechanical seeder can make the hand
and animal-powered cultivator more efficient by saving seed
 
and reducing subsequent thinning and weeding operations.

The upper seeder can handle vegetable seeds, s!gar beets
 
and onions, the lower seeder undelinted cotton seed. Combined in pairs the seeders can be pulled by animal power or
 
used singly by pushing with manpower. A share opens the
 
furrow and another covers thn seed before a split roller
 
firms 
the soil over the sown row. (AFR-538)
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hand 	farmer digs up the ground with the jembe hoes and plants maize and
 

other large seeds in random-spaced hills which may resemble rows. Row

planting is more common in Kenya and Tanzania, following the example of
 

commercial and European farms. Nearly all annual and perennial export
 

Lrops are planted or drilled in rows. Rice and cotton are recent crops
 

introduced with row-planting techniques.
 

In Ghana, Nigeria, Ivory Coast and Senegal, in western and central
 

Africa, some root crops like yams, cocoyams, and cassava are planted in
 

mounds. The soil is laboriously piled in heaps 30 to 60 cm. high and
 

about one meter apart with the galuna, a type of hand-plow. The sced-tube 

is inserted 15 to 20 cm. below the mound top and the mound often is capped 

with 	a piece of sod or large clod to help control erosion.
 

In Nigeria, Shambaugh says:
 

In order to efficiently utilize the farmer's hand-labor,
 
planting and thinning is done by hand. Due to the speed at
 
which a farmer can plant by the heel-and-toe method, following 
the previous operation, a mechanical planter cannot be justified
 
under the present conditions. One, however, can be readily
 

41
 
attached to the tool-bar unit when it becomes desirable.


c) Row-Drilling and PlanLing Drilling is the operation of placinj
 

s-'eds in shallow furrows cut In the seedbed by hoes, cultivator teeth,
 

disk-openers or special furrowing and marking devices. Very few hand
 

farmers habitually plant seeds in a line. The itt, oducrtZoni o6 cash ctOp 

and v.puoed ptact~ccU sppo tcd by inatketing ageci and exten6.o1 

i6 hcnLaLgseLccs gtaduaftyC! peu hand favunns to adopt uo-ptantiq. 

Surprisingly, seed-drilling was common practice in Mesopotamia, India
 

and China for many centuries before the western world began to realize its
 

importance. 11opfen says, "The Sumerians were the first to seed their
 

grain in rows with a seeding-tube connected to a plow, a method still used
 

"42 

in some eastern countries. Modern mechanical hand planters recently
 

introduced Into eastern Africa are shown in Figure 3.19.
 

In southwest central Ethiopia, under influence of the Jinma Agri

cultural School, some hand farmers are planting maize, sorghum, broadbeans,
 

and chickpeas in rows. Hills are aligned, and sometimes furrows are
 

marked with hoes and the seeds dropped In by hand one at a time and
 

cnvered by hoeing or pushing dirt over the seeds with the feet.
 

In Kenya and Tanzania, the African hand farmer tends to copy the
 

41

T.J. Shambaugh, Jr., Mechatized Ai6.tancc to Hanid Fa'ing, Special 

Report No. 68-9, (mimeographed) (Maiduguri, Nigeria: USAID, November, 
1968), 	pp. 5-6.
 

42

11opfen, op. cit., 
p. 78.
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successful European farmer. The farmers' training-schools and settlements
 
also stress row-planting so that many farmers, and their wives who raise
 
most of the food-crops for home consumption, are now row-conscious. In
 
western Tanzania and Kenya around Lake Victoria, some ridging is done
 

by hand to conserve moisture and prevent erosion. Furrows and ridges
 
formed by hand-hoes facilitates row-farming practices. Seeds are gener
ally planted in hills in the middle of one meter ridges and on the sides
 
of larger 1.5 meter ridges making a double row. Groundnuts, cotton,
 
maize, sorghum and beans are planted on ridges. The agricultural research
 

stations developed a system called tie-ridging in which cross-ties are
 
put across the furrow every three to four meters to impound and hold the
 
water during heavy rains.
 

In Ghana and Nigeria (and occasionally in other West African
 
countries), extensive use is made of ridges 
for planting groundnuts,
 
yams, maize, sorghum, millet, guinea corn, and vegetable crops. The
 
ridges are made with the hand-hoe; generally 5 to 10 seeds are planted
 
in each hill about 70 to 100 cm. apart. Tie-ridging is also practiced
 

to some extent to 
conserve moisture and prevent run-off. In Senegal and
 
Ivory Coast, upland rice is dribbled into furrows by hand and covered
 
with the foot, partly because ridges do not hold up in the sandy soil.
 

(Figure 3.20.)
 

While ridging has many advocates, some agriculturalists question
 
its practice because of weed control problems and soil erosion losses.
 
Shambaugh states that "After five years of mechanical cultivation of
 
crops on both the flat and on ridges, we can see no advantage to ridge
farming [in northeast Nigeria]. In flat farming cultivation practices
 

'43 
are simpler and easier and weed control is better." Evidence from this
 
area suggests that erosion losses from ridges may be more serious than
 
previously thought. 
Thus, specific area research is needed to determine 

the value of ridging in localities where it is currently practiced.
 

2) Power Required
 

In hand-broadcasting, planting in hills, or dropping in furrows,
 
sowing is relatively easy. Broadcasting is normally done by men while
 
dropping of seeds into hills or furrows and covering is usually done by
 
women and children.
 

4 3 T.J. Shambaugh, Jr., BoAnutComptete T.iLCc M{adine (mimeographed)
(Maiduguri, Nigeria: USAID, October, 1968), p. 1. 
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Figure 3.20 	Senegal: Row seeding rice by hand The simple process of
 
marking rows or providing multiple furrows in the last til
lage operation permits more efficient methods of inter-row
 
cultivation for weed control. It also encourages use of
 
improved varieties, fertilizer, disease and insect control,
 

adoption of more efficient tools and use of improved power.
 
Row seeding and weed control are perhaps the most impor
tant steps to improved farming practices initiated at very
 
low cost. (AFR-539)
 

3) Time Required
 

In hand-broadcasting, Bengtsson determined that it took one person about
 

one hour to sow one-fourth hectare by hand, or about four hours per
4 4
 

The covering 	operation was not mepsured separately.
hectare. 


a) Hoe Covering With the digging or weeding hoe, it takes many
 

man-hours to cover broadcast seed. 
Using a work 	capacity of 100 to 
150 m.2
 

per hour for light-weeding by rectangular hand-hoe, manual covering takes
 

from 67 to 100 hours per hectare or from 8 1/2 to 12 1/2 man-days. By
 

using 8 to 12 people, one hectare could be covered by hoe in one day.
 

b) Livestock Trampling If livestock are awvilable, they can be 

driven over the field sufficient times to trample in the seed. At 1.6 km. 

per hour, it would take a single animal about 10 hours to cover 0.4 hectare 

walking over 0.61 meter strips. In actual practice in Ethiopia, the time 

spent is considerably less but the coverage can be effective since there 

is a lot of scuffing and trampling by different sizes and weights of animals.
 

c) Brushing with Branches This method can be quicker than hand

hoeing. Walking at 0.8 to 1.6 km. per hour and dragging or swishing a
 

branch over a 120 cm. swath, it takes a man five to ten hours per hectare,
 

or four men 1 1/4 to 2 1/2 hours per hectare. Brushing is limited to
 

fairly flat fields since coverage is very light and heavy rains can float
 

44

Bengtsson, op. cit., p. 24.
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and wash away the loose soil and seed.
 

d) Planting in Hills In hill-planting maize in southwest Ethiopia
 

it took two people (a man digging holes and a woman planting seeds) from
 

2 to 8 days to plant one hectare, depending on whether they were fast or
 

slow. Sorghum-planting was slower, ranging from 10 days to 33 1/2 days
 

per hectare for a fast and slow farmer, respectively. The average farmer
 

planted one hectare of maize in 5 days and sorghum in 22 days.
 

e) Dribbling in Rows In hand-dribbling into prepared furrows, a
 

man and woman or older child can sow about 13.5 m. of row per minute moving
 

at 0.8 km. per hour. If the furrows were 30 cm. apart for rice, wheat, flax
 

etc., it would take two people 41 hours or about 5 days to plant and cover
 

one hectare. If the crop rows were spaced 60 cm. apart instead of 30 cm.,
 

row-planting of maize, sorghum, millet or guinea corn could be accomplished
 

in 4.4 man-days.
 

Shambaugh's work indicates that hill-planting by hand in pre-marked rows
 

can be ve ry fast and inexpensive. A hand farmer took an average of only
 

6.7 man-hours to plant a hectare of guinea corn and 14.1 man-hours to plant
 

a hectare of groundnuts. In these exampls the farmers' labor is valued
 
45  
the same as labor he would have to hire. (Table III. 6.) 

In a comparison test in northern Nigeria in 1958, Haynes reported hand

planted groundnuts required 28.7 man-hours and hand-planted guinea corn 
4 6 
39.5 man-hours per hectare. Evidently different methods were used than 

employed in Shambaugh's work. 

TABLE III. 6 HIRED HAND LABOR REOUIRED TO PLANT SELECTED CROPS: a
 
NORTHEASTERN NIGERIA 1968


Totalb 

Date Crop Area time Hours/ Cost/hectare 
hectares hours hectare dollars 

May 20-21 Millet 1.21 10.0 8.3 0.89 
June 12-13 Guinea Corn 1.21 8.0 6.6 0.74 
June 15-16 
June 26 

Groundnuts 
Cotton 

0.81 
0.81 

11.3 
4.5 

14.0 
5.6 

1.56 
0.62 

Note: The prima. y tillage was performed by a tra-tor field cultivator,

developed by Shambaugh, in which two 51 cm. wheat-land-sweeps

removed any weeds in the row and marked the two parallel rows for 

a hand-pldntin4 by heel-and-toe method. 
Figures abstracted from Shambaugh, Medtkanizd AMsitancc to Haid FaAming, 
Special Report 68-9, p. 7.
 

bComputation based on $0.11/hr. actually paid to hired labor in this area
 

in 1968.
 

45
T.J. Shambaugh, Jr. Medicutized A.ijtance to Hand Fawvng, Special
 
Report 68-9, (mimeographed) (Maiduguri, Nigeria: USAID, 1968), p. 7.
 

46D.W.M. Haynes, A B'ie6 Review o6 M c anization Expe.iment6 in NoLdtLJj1 
Nige2ia Papers on Agricultural Engineering in Northern Nigeria (Samaru,
 
Nigeria: Ahmadu Bello University, Institute for Agricultural Research,
 
1964), p. 12.
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f) Planting in Mounds In Ghana and Nigeria no records were obtained
 

on time and work rates for making and planting in mounds. One mound per
 

square meter equals 10,000 mounds per hectare. If it takes a man five minutes
 

to make one mound (12 per hour), it would take 833 man-hours or 104 man

days to mound one hectare. When smaller mounds are made taking only three
 

mliutes per mound (20 per hour), it takes 500 man-hours or 62 1/2 man-days
 

per hectare. If actual planting of mounds takes 15 to 20 seconds each, or
 

three to four per minute. it takes 5 to 7 man-days to plant one hectare.
 

4) Skill and Management Required
 

Specinl skill is not needed to plant seeds, but since seed is the only
 

item hand- (and most animal-powered) farmers purchase, it constitutes a
 

vital part of the budget. The farmer himself, therefore, takes charge of
 

the field sowing of broadcast crops. Women usually plant garden crops to
 

be consumed by the family.
 

Leander reported that in Ethiopia "the only farm input r'fsignificance
 

in terms of value was seed . . ., 17% of the total crop production [cost]

4 7
 

as the lowest and 27% as the higiest."
was used as seed, ranging from 12% 


Timing o6 pamUng a&ays i6 ugakded as ct&c2 6o& maximum yields. 

In Ethiopia, the Institute of Agricultural Research reported that "early
 

sowing by late June or early July at the time of the onset of the rains
 

seems to be on, of the necessary prerequisites for high yields. . . . Like
48
 

wise for the dry season starting in October, early sowing is essential." 


Good seed selection and proper cleaning insures not only good germination
 

and growth characteristics, but also reduces weed competition and subsequent
 

weeding costs. Bengtsson reported seed purchased in the market normally
 

contains 10 percent impurities, seed selected and cleaned by the farmers
 

themselves only about 4 percent, and seed furnished by the Kulumsa Seed
 
49
 

than I percent.
Multiplication Fpr. less 


On non-irrigated upland soils, timing of planting depends primarily
 

on the unpredictable rainfall pattern. In some regions, small spotty rains
 

precede the big rains and permit the start of land preparation without
 

being sufficient to sustain seedling growth. Crops are planted toward
 

the end of the small rains or at the beginning of the major rainy season.
 

In years of unusual or deficient rainfall, the farmer must be ready as soon
 

as possible and use his best judgment based on experience and knowledge.
 

Nevertheless, partial replanting often is necessary.
 

47Leander, op. c.U., 
p. 92.
 
4 8 

Imperial Ethiopian Government, PAgU4 6oA .the PeAiod Feb'uaq, 1966
 
to MaAch 1968, op. ct., pp. 6-9.
 

4 9 
Bengtsson, Op. cit., p. 18.
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In regions with distinct wet and dry seasons and limited growing periods,
 

land preparation is critical for annual crops. 
 For the hand farmer the
 

aiduous work for an extended period can be offset only by hiring extra labor,
 

if wages and workers are available, or by finding some way to minimize
 

seedbed preparation. Possible methods 
are: burning and planting directly
 

in bared ground; splitting old ridges to form new ridges without plowing;
 

plowing once 
or twice instead of 3 to 4 times; or using improved field
 

cultivators in place of plowing with upgraded power and implement systems.
 

5) Costs Involved
 

Even at the very low wage rates common in Equatorial Africa, labor
 

costs for hand power can be expensive. Broadcasting seed takes about four
 

hours per hectare, but covering without help of additional animal- or
 

engine-powered tools can be costly, especially if extra labor must be
 

hired for planting.
 

a) Covering Broadcast Seed by |toe In Ethiopia, hired hand labor 

costs about $0.40 to 0.60 per man-day. To cover one hectare by hand hoe at 
the lowest work rate of 100 to 

2

150 m. per hour would cost $3.35 to $5.00;
 

plus the cost of broadcasting of $0.20 to $0.30 for half a day for a total
 

of $3.55 to $5.30 per hectare.
 

b) Covering Broadcast Seed by Trampling Livestock trampling is an
 

inexpensive way of covering seed providing there are 
sufficient animals,
 

and the soil moisture and tilth conditions are favorable. Ethiopian herds
 

are well trained for threshing grain in a circle. Moczarski reported
 

seeing a farmer driving his cows in circles as 
they moved across the field
 
50
to trample in seed. If a farmer and a helper spent only 4 to 8 hours
 

herding cattle in trampling, the cost of covering a hectare would be nominal;
 

perhaps 1 1/2 days' wages at 
$0.40 per man-day, plus the cost of broadcasting
 

at 
$0.20 to $0.30 for a total of $0.80 to $0.90 per hectare. There would
 
be some wear and tear on the animals, but this could be minimized with rest
 

and good pasture.
 

c) Covering Broadcast Seed by Brushing Covering by dragging a brush
 

on fairly flat fields would take 
a man 5 to 10 hours per hectare working
 

constantly. Two men working half the time could cover one hectare in
 

8 hours at a cost of 2 man-days or $0.80 per hectare. The total cost,
 

including broadcasting, would $1.00 to $1.10 per hectare.
 

50

Moczarski, op. Cit., March, 1969.
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Hill planting maize in southwest Ethiopia, an
 

average farmer and his wife take 5 days equal to 8 3/4 man-days (using
 
51 


d) Planting in Hills 


Norman's labor equivalent for a woman equal to 0.75). At $0.40 per man

day, this amounts to $3.50 per hectare.
 

Sorghum planting in southwest Ethiopia takes 22 days for a man and woman,
 

equal to 38 1/2 man-days. At $0.40 per man-day, the cost per hectare is
 

$15.40.
 

e) Sowin in Rows Dribbling seed in furrows 30 cm. apart by hand at
 

0.8 km. per hour takes two men 5 days or 10 man-days to plant and cover one
 

hectare. At $0.40 per man-day, this would cost $4.00 per hectare.
 

f) Planting in Mounds If mounds are alrnady made and then planted
 

at the rate of 3 to 4 per minute, it would take 5 to 7 days to plant one
 

hectare with 10,0OO mounds. At $0.88 per man-day, planting would cost
 

$4.40 to $6.16 per hectare.
 

In Table I1. 7 is presented a summary of hand-planting costs as dis

cussed in preceding examples, but with all labor costs left in terms of
 

man-hours in order to obviate the difficulty of assuming an arbitrary wage
 

rate.
 

Animal Planting Operations
 

1) Tools and Practices
 

The art of planting in rows and the use of an automatic mechanical
 

seeding device is not a development of our modern agricultural society.
 

As Hopfen points out:
 

Seed drilling for many centuries was common practice in
 
Mes'potamia, India and China before the western world began to
 
realize its importance.
 

Chinese seed drills generally have two or three seed-tubes.
 
The ancient (possibly 200 B.C.) feed mechanism, still in use,
 
shows there was a need for an automatic, reasonably selective and
 

positive ejecting device on an implement already in use in those
 
far distant days for drilling seeds in furrows. 2
 

The three common methods of sowing seed are broadcasting, drilling and
 

planting: techniques that may be described as random, metered, and
 

precision planting.
 

51
 
The people of northern Nigeria where Norman conducted his studies are
 

predominantly Muslim. Traditionally, after marriage women remain within the
 
family compound; thus, Norman employed a second figure for agricultural labor
 

unit equivalent of 0.00 for Muslim women above 15 years of age.
 
Norman, An Economic Study o6 Th'we Vif.aez in ZaAia PAovince, I. Land
 

and Labo4 Refationahip6, p. 9.
 
52


1Hopfen, op. cit., pp. 78-79. 
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TABLE III. 7 SUMMARY OF AVERAGE TIME PER HECTARE FOR HAND PLANTING 
VAR OUS CROPS IN EQUATORIAL AFRICA
 

Planting Planting Covering Total
 
Method Crop Time Time Time
 

man-hours/ha, man-hours/ha, man-hours/ha.
 
Hills in pre- Cotton 5.7 -a 5.7
 
marked furrows Guinea Corn 6.7 _a 6.7
 

Millet 8.2 -a 8.2
 
Groundnuts 14.1 -a 14.1
 

Broadcast covered Te66 4-6 12 16-18
 
by animal tram
pling
 

Broadcast covered Barley 4-6 16 20-22
 
by brushing
 

Prepared mounds - Yams 40-56 -a 40-56
 
planting stick
 

Hills with hoe Maize 40 30 70
 

Pre-marked Rice 60 20 80
 
furrows by hand
 
and foot
 

Broadcast covered Wheat 4-6 67-100 71-106
 

by hoeing
 

Hills with hoe Sorghum 176-308 _a 176-308
 

aCost of covering included in cost of planting.
 

While broadcasting of cereal grains has been abandoned in most ccuntries
 

with advanced agricultural practices, it remains the most common method
 

of s-wing in Equatorial Africa where animal power is used. In Ethiopia
 

maize and sorghum are still sown broadcast, in addition to wheat, barley,
 

flax, sesame, teK and cotton. Because it does not insure the best con

ditions for germination and seedling development, sowing rates are generally 

much higher. Seed covering is a separate operation in the form of an 

additional plowing and the haphazard location of plants greatly hinders
 

subsequent weeding operations by hand or animal power.
 

The uniformity of seed distribution accomplished on the move with
 

mechanical devices depends mainly upon the accuracy of the seed-metering
 

technique and condition of the seedbed. The main advantage of drilling
 

is the creation of spaced rows which facilitates efficient weeding opera

tions. It aligns and spaces the plants accurately in one direction and
 

requires less seed. It permits greater capacity and speed with animal

drawn tools for inter-row cultivation and weeding. Tle technique of drilling
 

seed during the last animal-plowing operation is still used in northern
 

and eastern Africa.
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Normally hills or holes are placed equidistant in uniformly spaced
 

rows or ridges. When cross-checked and lined up in both directions on the 

flat, this permits mechanical cross-cultivation for the most efficient 

method of removing weeds between plants. Young plants or seedlings can
 

,e transplanted into prepared holes, as in Nigeria with sorghum and guinea 

corn; in Ghana with tomatoes and peppers; in Ethiopia, Kenya and Tanzania 

with cabbages and other vegetables.
 

li wibae-poweAed founiz ameas ii eaztern Africa, peant ng of seeds 

.i1 abnos.t exetusivchj a hand ocpe.ation. A few mechanical seeders are 

available but they have not been entirely satisfactory and their economic 

cost is hard to justify on small areas of mixed crops. By contrast,
 

in the Fntanephone cotutt'tei o6 Wet.6,in Af.tca, ambnaC.-pueCfed sed ptaiitem 

have been hughey promoted aid are extenisvcy used Lb Senegae, MawAitaita 

and MaU. In 1965 over 182,000 animal-drawn seeders were reported to 

be in use. (Table III. 8) 

a) Broadcast Seeding The timing and procedure for sowing both
 

field and garden crops for northwest Ethiopian highlands and lowlands 

described by Simoons is similar over eastern Africa wherever animal

power is traditionally used.
 

The sowing of seed begins with the first rains, as early 
as April if the season is early, but more often in May or June. 
Farmers often sow another crop in September to take advantage 
of the late rains. Broadcast sowing is the preferred method 
of the Northwest. This work is done by the men. In some cases, 
after sowing such small-seeded cereals as teff and finger millet,
 
the highland farmer drives sheep, goats, donkeys or cattle over 
the field to cover the seed, or le simply brushes soil over it 
with the branches of trees. More commonly, however, the plow
is used to cover the seed after broadcasting. Planting of 
individual seeds is normally done in the highland only in the 
garden, and even there only for the seeds of certain plants,53
 
such as gourds and squash.
 

In south central Ethiopia the animal-powered farmer uses a small,
 

flat basket called a kwia to carry the seed. Held chest-high the sower 

throws out a handful of seed with about every other step. Sometimes the 

plowman marks a guiding furrow about every 3 or 4 m. for the sower to
 

follow as he dispenses the seed. (Figure 3.18.) The present seed rate
 

is almost double that proven best in experimentation.
 

At present, farmers plant about 180 kg. of wheat and 165 kg.

of barley per hectare while the optimal rate at Kulumsa is con
sidered to be 100 kg. per hectare. This comparatively high seed
 

5 3 
F.J. Simoons, NO'ut[se.t EtIhioyl.a: Peoptea and Economy, (Madison:

University of Wisconsin Press, 1960), Chap. 5 pa ,6.
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rate could be explained, however, as tileseed is contaminated
 
with weed seeds and inert matter up to percentage of 5-10
 
percent and still more sometimes.

54
In addition, the plough
 

will cover many seeds too deeply.
 

li.mediately after broadcasting the field is plowed to cover the seed.
 

Te66, however, is covered with the help of animals.
 

b) Row Planting In western and eastern Africa, many animal-farm 

still plant by hand and foot.
 

In northern Nigeria and Ghana, animal-plow farmers normally plant by 

hand after plowing or ridging the land. Ridge planting is most common
 

in Nigeria and, although used extensively in Ghana on the lighter sandy
 

soils, the ridges tend to be smaller because they break down and erode
 

under heavy rains. As a rule, animal farmers must wait until the rains
 

begin before they can ridge. On previously farmed land, the popular tech

nique is to split old ridg.. and then tie-ridge them to form small earth
 

dams at intervals in the furrow. The planting is done with the heel

and-toe method on the ridge, with five to ten seeds planted in each hill
 

every step or two.
 

In Gambia and Senegal, animal-plow farmers witnodt seeders generally 

plant on ridges, although upland rice is planted on the flat. Moczarski 

says: 

On ridges, especially in sandy soils, the common method
 
is to dig or poke a hole with a short handle hoe or planting
 
stick, drop in the seed and allow tie dirt to fall back in and
 
firm it with tilefoot. Maize is planted on both sides of the 
three foot ridge about 1/3 meter apart while groundnuts and 
yams are planted in the center about 1/2 meter apart. Ground
nuts are planted about three cm. deep and yams about 12 cm.

55 

In Kenya and Tanzania there has been a marked trend for hand- and
 

animal-powered farmers to plant in rows on the flat, due to influence of 

European commercial farms, the introduction of cash crops like cotton, 

and the availability of government and private tractor-hire services.
 

Furthermore, since maize is the basic food-crop of most of East Africa,
 

it has been planted in hills by hand for many )ears. With tileuse of 

animal-power or the tractor-hire service for basic tillage, row planting is 

readily accepted because of the ease in following natural furrows made by
 

the plow or disk.
 

Regular animal ridging is practiced around the Lake Victoria areas and
 

54

Bengtsson, op. C., pp. 23-24.
 

55

Moczarski, Op. cU., February, 1969.
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in higher rainfall area wher" cotton is grown. 
With hand seeding, crops
 
are planted in rows and thinned 
 in three weeks. Gibbons qaid the extension 
service In Tanzania has succeeded in doubling cotton area in the past 
five years. 56 

The most critical area in cotton production is planting.
 

The farms range from 1.2 up 
to 5 to 6 hectares.
 

Aukland says a hand farmer can only till, plant and care fnr 1.2 ha. 
of cash crops plus another 1.2 ha. of food-crops. Larger farmers are forced 
to use animal or tractor power for tillagE Planting ia done on the vidge
 
by hand, assisted by hoe, planting stick or foot. 5 7
 

c) Plow Tube Seeders Simple animal-drawn seeders have been used 
for many centuries in southern and eastern Europe illand the Middle East, and 
probably were brought into northern and central Africa ly Arab cultivators.
 

Farmers in the northern provinces of Ethiopia use a :eeding tube on 
the rear of their spade-blade body Arab-type plows. 
 During the last
 
plowing, the plowman drops seeds down the tube into the furrow. The seed
 
is covered by the soil as 
it rolls back into the cavity. Since the oxen
 
walk slowly, the plowman can do a fairly accurate job of spacing crops
 
by dropping a pinch 
 of seed into the mouth of the hollow tube with every 

step.
 

This method is still used today by some ox-plow farmers in the lower
 
Awash River Valley in eastern Ethiopia. Moczarski rcports:
 

In Assaita the tradirional Afar farmers have grown
maize for centuries. They 
use a seed tube on the back of
 
an Arab-type breaking plow and a boy walks behind the plow

and drops two seeds down the tube each time. The seed is 
uqually carried in a gourd or small woven basket held in
 
the hand. The desired spacing is about 30 to 
36 cm. with
 
rows about 50 cm. apart. The seeding is done on the second
 
plowing crosswise to 
the first. Since crops are planted

on recently flooded land there isn't time to plow more 
than
 
once as the crop must be planted as soon as possible so it5 8 will mature before the land dries up. 

Tilemulti-tube funnel seeder, an Indian-type multiple-tube seeder
 
called gott, is patterned after the plow-seeding tube. On this sii 'Q 
machine 2 to 6 wooden metal-tipped row-marking shoes are 
mounted under a
 
beam and slanted forward. Hollow seed tubes pass through each furrow
maker and discharge behind them with their tops connected to a common 

5 6 
W.D. Gibbons, Assistant Director, Western Region, Ministry of

Agriculture, Mwanza, Tanzania, Personal Communication, October, 1968. 
57J. Aukland, Director and Chief Research Officer, Ukiriguru Research


Station, Western Tanzania, Personal Communication, October, 1968.
 
5 8

Noczarski, op. cU.
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In use, seed is placed in the funnel and trickles out each tube
funnel. 


as the drill is pulled forward. By putting a small amount of seed in the
 

the animals move, a rather constant discharge can be obtained.
funnel as 


Care must be taken when more than three tubes are used, to 
be sure equal
 

This device is not commonly used
amounts .f grain pass through each tube. 

in Equatorial Africa. 

d) Mechanical Seeders In Francophone West Africa, the most popu

lar animal-drawn seeder by far is the SISCOMA-made Super Eco, produces under
 

The few mechanical seeders used by animal
license from Ulysse Fabre. 


In Nigeria, some
 farmers in Ghana, are most likely the SISCOMA unit. 


seeders were manufactured at the Senafrica Factory at Kano, 
associated
 

Haynes said they "made large numbers of
 with the CFAO firm in Nigeria. 


the same type of seeder that form the bulk of SISCOMA's 
production."
 

The seasonal manufacture, method of distribution, and lack 
of support from
 

the extension service apparently would not support a viable 
commercial
 

(probably
"The Kano venture was a failure and large stocks 


over 150 seeders) remain in 
the factory yard (1964).


enterprise. .59
 

In another report, Haynes said:
 

. . . tended to produce lower yields 

but in a test of five makes in 1958 
Ox-drawn planters 


in early trials . . . 

there was no difference in yield between machine-sown and 

. . . the Super Eco was considered thehand-planted crops. 

best and was manufactured in Kano with the rid 
 model, with
 

fertilizer attachment, costing 
$70.00 in 1958.98
 

companies made a simple mechanical
In eastern Africa, at least two 


seeder for the small fanner. The A.H. Engineering Works, Ltd., P.O. Box
 

280, Soroti, Uganda is still manufacturing a rolling-wheel-type seeder
 

This seeder was developed at
patterned after the Bentall from England. 


the special development section of the Department of Agriculture, 
and was
 

turned over to the A.H. Engineering Company for manufacture. A larger
 

improved model of the Bentall-type seeder overcame many old problems,
 

but still does not accurately plant a variety of cros.
 

the Bentall seeders were sold
Stephens reports that a large number of 


in Uganda but no precise figures 
were given on how many are still 

in use.61
 

Brown also stated in 1967 they were still satisfied with the performance
 

of the A.H. Engineering Co. seeder and would not adopt another unless 
it
 

59Haynes, Repo)t on a V t .to SenICtJ, Section II, Appendix P, p. 4. 

60IHaynes, A B'tZe6 Reuiew o6 Mdeanzatiot ExpeAiment6 in No)tIeAn 

Nige~ia, pp. 11-12.
 
6 1 

Brown, P-t. at., Ag icuftuAe in Uganda, op. c.t.
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62  

ere cheaper and more efficient. In Tanzania, small animal-drawn seed
 

rills are being imported from India, but no record of sales or distribution
 

s available. No animal-powered seeders are being imported currently into
 

enya or Ethiopia.
 

The A.H. Engineering seeder is a single-row sowing device made of
 

wo halves of a hollow disk-wheel. Hole sizes and row spacing can be
 

aried by locking interchangeable sliding gates in selected positions on
 

he rim. (Figure 3.21.) Seeds are loaded through a side hatch into the
 

enter cavity and as the wheel rolls forward around a fixed internal
 

gitator, seeds refill openings in the perimeter and fall out tileseed

ates. Tle openings are set i side the rim to avoid bloc!ige by dirt or
 

ticky soil. A furrower blade opens a trench in front uf the wheel and
 

scraper pulls dirt over the furrow after the seeder passes. The
 

.H. wheel-seeder is priced at $30.00 per unit plus $11.00 for a seeder
 

rame, but is very simple with few wearing parts.
 

The Bentall wheel seeder is basically the same design as the A.f|.
 

eeder. (Figure 3.21.) Its capacity is limited, requiring frequent filling,
 

nd variations occur in seeding rates from full to nearly empty. A single
 

entall Unit sells for $21.00.
 

Various seeding units were tested by Cooper, who commented on the
 

ollow-concave wheel-seeder used for sowing maize:
 

It had little to commend it for planting maize. The
 
wedge shape or flat grades of seed caused frequent jamming
 

and intermittent delivery of seeds even in good conditions
 
and on smooth surfaces; three different sizes of wheel were
 
tested but in all cases tiledrive was not positive, the
 
quantity of seed in the hopper had a marked effect on the
 
seed rate, there was a wide difference between the 1/2 to
 
1/4 levels, loadings of more than 1/2 and below 1/4 full
 
were not practicable. Speed of travel also produced a wide
 

variation on seed rate, up to 53 percent reduction occurred
 
from 0.5 to 2.5 miles per hour [0.8 to 4.0 km. per hour].
 
Soil adhering to the wheel perimeter also hindered seed
 

delivery. The depth of planting to a large extent depended
 
on the soil conditions; in loose dry conditions the soil 63
 

trickled into the furrow before the wheel dropped the seed.
 

The Super Eco seeder, identical to the French model of the same name,
 

a a well-built all-metal machine with ground drive. Two 45 cm. diameter
 

heels power the seed plates and seed pickup reel to control the spacing
 

62

W.T. Brown, "Report of Special Committee on Agricultural Engineering",
 

inutac of a Meeting 06 Spedaii4t CommLttee on AgtLctumaf MadhbteAy, 
mimeographed) (Tenguru, Arusha, Tanzania: Northern Research Center,
 

ictober, 1967), p. 23.
 
63

Cooper, "Meghanization on Small-scale Farms and Ox-drawn Implements,
 

art I", Kenya Coddee, op. c. 
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Figure 3.21 	A simple steel wheel seeder Patterned after the Bentall
 
seeder made originally in United Kingdom and Uganda, the
 

A.H. seeder wheel is made by the A.H. Engineering Works,
 
Soroti, Uganda. The seeder shown is for manual operation
 
but units could be combined to make larger animal-drawn
 

seeders. Removable and adjustable gates in the open rim of
 

the wheel, permit different seeding r.tes and various types
 

of seeds to be sown. (AFR-126)
 

and the number of seeds ejected into the furrow. (Figure 3.22.) A star
 

or plate rotates slowly, forcing single seeds out of the hopper. Pulled by
 

one animal, usually a horse or donkey, a knife blade slits open a furrow
 

which is further enlarged by the seed tube. Two duck-foot shovels, one
 

on each rear side of the seed tube, roll dirt into the furrow to cover thE
 

seed and a concave press-wheel firms the soil. An adjustable marker swings
 

right or left to mark the next row.
 

While seeders are designed for sowing on the flat they also can sow
 

on top of a wide ridge or bed, or into a furrow. For small grains two
 

seed plates are available: one with 14 holes plants at 30 cm. intervals
 

and a second with 24 holes provides 18 cm. spacing. For the latter, it is
 

recommended that the rows be at least 60 cm. apart to permit weeding with
 

an animal-drawn hoe.
 

For large seeds such as groundnuts and hill-planted crops such as maize
 

and sorghum, finger-star-reels are used. A three-arm reel plants at dis

tances of 130 cm., a four-arm reel is used for small millet and hOao0 at
 

100 cm. spaces, and a five-arm reel is used for large millet, sorghum and
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Figure 3.22 	SISCOMA (French-designed) animal-powered (ox. horse, donkey) 
seeder with fertilizer attachment Farmers like this one
row seeder, but say that a two-row unit is too heavy. It is 
manufactured 	 by the SISCOMA farm machinery factory near 
Dakar, Senegal. (AFR-294)
 

ba6d at 80 cm. Other plates are available to plant maize, rice, niebe and 

cotton. The machine reportedly can plant undelinted cotton seed.
 

Haynes investigated the possibility of importing the Super Eco into
 

Nigeria and reported:
 

The seeder is successful in Senegal because it increases
 
yields and because planting was previously a labour bottleneck.
 
It appears to be generally agreed that planting is not a bottle
neck in northern Nigeria and that planters costing $42.00 
$58.00 are an expensive luxury. The Super Eco seeder has been
 
tested at Samaru and, if the Ministry of Agriculture wishes to
 
carry out an extension campaign in the extreme north, it is
 
probable that adequate supplies can be gtaired in Kano more
 
cheaply than by importing from SISCOMA.
 

The seeder also can be equipped with a fertilizer distributor as shown
 

in Figure 3.22. The agitator and metering wheel are driven by a chain
 

drive from a gear on the seeder drive shaft. The fertilizet is dispensed
 

on both sides of the row at a rate of 168 kgs. per hectare (suitable for
 

Senegalese conditions), but different sprockets can vary this rate.
 

The Cossul ox-drawn seed drill is a new animal-drawn seed drill im

ported into East Africa from India which uses a fluted feed-roll fjr seed
 

64 
Haynes, Repo~t on a Vzi.a to Senet2, p. 5. 
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metering and disk-furrow-openers. Rows are adjustable from 15 to 25 cm.
 

At present, only a three-row model weighing 94 kgs. is being imported, but
 

a five-row unit weighing 110 kgs. also is available. This drill is designed
 

to plant small grains for larger animal-powered farmers at uniform depths
 

with more uniform distribution than possible by broadcasting. The maximum
 

working width of a three-row drill set for 25 cm. spacing is 62 cm. Drag
 

chains are used for seed covering and the rear wheels power the seed

metering mechanism and fertilizer attachment through a chain drive. The
 

price for a three-row Cossul drill with fertilizer attachment is about
 

$150.00 A hand-controlled fore-carriage is useful to keep the drill
 

running straight.
 

Hopfen points out:
 

The main purpose of drilling in rows is to place all the 
seed at a predetermined uniform depth and with the rows equi
distant, and thus save up to 25 percent of seed as compared 
with broadcasting. Drilling also facilitates subsequent inter-

65 
culcivation and weeding with hand- or animal-drawn implements.

2) Output, Power, Time and Labor Required
 

a) Broadcasting Methods using the plow for covering require two
 

oxen. In Ethiopia, Bengtsson found it took an average of 23.3 hours to plow
 

one hectare and 4 hours to broadcast the seed for a total time of 27.J man

hours and 46.6 ox-hours.
 

b) Plow Tube Seeder While no actual time studies were made, the
 

rate of work was calculated. As reported by Moczarski, the Awash Valley maize
 
6 6
 

farmer plows and sows at the same time with a spacing of about 1/2 meter.
 

Fast oxen walking at an average of 1.6 kic. per hour can cover a hectare in
 

12.3 hours; slow oxen moving at 1 km. per hour would take about 20 hours.
 

If the oxen worked 80 percent of the time, the average time to seed one
 

hectare would be 20.2 hours.
 

c) Hand Planting Haynes gives figures in Table III. 9 on hand
 

planting in comparison with ox-drawn planters on prepared ground. Labor
 

requirements zor ridge planting by hand versus the Super Eco ox-drawn planter,
 
67
 

indicated a definite advantage for the animal powered units.


3) Skill and Management Required
 

a) Hand Planting with Animal Power No particular skill is required
 

65

fHopfen, op. ci., p. 77.
 

66

Moczarski, op. cit. 

6 7 
Haynes, A 8,ie6 Review o6 Mechanzation ExpeAient6 in No&Vtizen 

Nigea, p. 12. 
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TABLE III. 9 COMPARISON OF LABOR FOR HAND- AND OX-DRAWN PLANTERS 

Crop Method Time Required
 

Hours per hectare
 

Groundnuts Hand planted 28.7 man-hours
 

Machine sown n.a.
 

Guinea corn 
 Hand planted 39.5 man-hours
 
Machine sown 3.7 hours
 

to plant and cover the right number of seeds in a hole of the proper depth.
 

It takes skill and management, however, to prepare the land for a variety of
 

crops, to plant them at the proper time, to weed early food-crops as needed,
 

and to harvest the late crops and cash-crops on time, without neglecting
 

any aspect of good husbandry. The more mixed-cropping and larger the area,
 

the better manager the farmer must be. As Haynes pointed out, during the
 

first 15 years of promotion in northern Nigeria, many mixed-farmers, as
 

they increased their area, required techniques beyond their capacity. About
 

1/3 of all new farmers using animal power failed after acquiring cattle and
 

plows; some due to animal diseases but many more because of the inability
 

of the indvidual farmer to change his role from head of the family farm 
6 8 

to moJogeJ of the mixed farm.
 

It also takes skill, management and foresight to plot fields for row
 

seeding to facilitate subsequent cultivating and weeding. Rows should be
 

as long and straight as possible; hills must be centered to permit close
 

work and labor-saving weeding with improved animal or hand tools. If
 

weeding is to be done with a two-row mechanical cultivator, special care
 

must be used in hand planting single rows by using a 2 or 4-row marker.
 

In addition Shambaugh cautions, "Using the heel-and-toe method of hand
 

planting, the covering should be done with a backward motion of the foot
 

rather than a side motion which may tend to move the seed to a closer or
 
69
 

wider row spacing."
 

b) Row Planting with Plow Tube See;-ar The greatest difficulty is
 

guiding the oxen in a straight line while maintaining a constant rate of
 

seeding. Two persons undoubtedly can do a better job, as in Ethiopia where
 

a boy helps his father by dropping the seed into the tube.
 

c) Animal-drawn Mechanical Seed Planters The farmer using a ma
chine planter mtst choose the correct plate or star for the available seeds.
 

6 8

D.W.M. Haynes, "The Development of Agricultural Implements in 

Northern Nigeria", P'Oceedings, Scen.ce .i.aA6ciaton o6 N Vol. VI,
 
1963, p. 103.
 

69Shambaugh, Bocnu CompLcte Ti.age Macine, p. 6. 

2-219
 



Once he has chosen a seed plate, he must select the cleanest and most uniform
 

are improved or new crops introduced,
seed to be used with it. As varieties 


he may try Lo get by with an old plate rather than purchasing the correct
 

size plate.
 

the seed planter or drill, the farmer must constantly check
In us-,,% 


to see that seed is dispensed and that soil or foreign material neither
 

or blocks the shoe or seed tube opener. In

clogs the seed discharge 


Senegal, this froblem is partially overcome by having a boy or man 
lead
 

the animal while the farmer concentrates on the seeder.
 

Under hot tropical conditions it is also very desirable to use a press
 

wheel after the seed is covered, to insure that the seed is firmly embedded
 

within a moist environment. 
Because of occasional downpours, seeds 
must
 

be firmly covered, especially on sloping land, to prevent their being
 

Types

washed away. Under dry conditions different spacings may be required. 


of furrow openers are also important. Hopfen points out:
 

In average soils hoe-type openers are preterred; in cloddy
 

soil or in soil with trash, roots or other organic materials,
 

single disk furrow openers generally function best .
 ..
 
or
 

cereals, under dry conditions this spacing must be wider,
 

namely, about 25 to 30 cm.
 

[Furthermore] if winds are frequent in drier areas,
 
cereals should be dropped into the bottom of rather big furrows
 

While the normal spacing between the rows is 16 to 18 cm. 


and pressed into the soil with rollers. [For protection from
 

thi wind and to control wind and water erosion] the seed rows
 

should be perpendicular to the prevailing direction of the 70
 

wind and surface trash should also remain on top of the ridges.
 

4) Costs Involved
 

A summary of man-and animal-power requirements for seeding by various
 

outlined in this section is given in Table I1. 10, and indicates
methods as 


the amounts of inputs with different levels and degrees of mechanization.
 

For comparison purposes only the value of one man-hour is assumed to be
 

$0.10 and the cost of two ox-hours $0.20. However, since both labor and
 

animal costs are quite different in different economies more ,ealistic
 

terms of actual work hours, which are also
comparisons can be made in 


Additional studies are needed which enable comparisons of similar
shown. 


operations in different countries.
 

70
Hopfen, op. cit., p. 83.
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TABLE III. I COSTS OF SEED PLA4TING FOR DIFFERENT ANIMAL-POWERED SYSTEMS 

Method Crop Operation Man- Ox- Cost of 

hrs./ha. hrs./ha. hand labor 


dollars 

Broadcasting Wheat Covering 23.3 23.3 2.73 

(Ethiopia) Barley Sowing 4.0
 

b

Plow Tube Seeder Maize Plowing 20.2 20.2 3.03 

(Ethiopia) Sowing lO.l(boy)
 

c

Hand Planting Guinea Plowing
 
(Nigeria) Corn Sowing 39.5 - 3.95 


Hand Plantinge Groundnuts Hill 28.7 2.87 


(Nigeria) Planting
 

b
Cossul 3-row drill Small Drilling 5.0 5.0 0.50 

(Tanzania) Grain
 

Super Eca Ox-planterc Guinea Drilling 3.7 3.7 0.37 

(Nigeria) Corn
 

aBengtsson, op. cit., pp. 10 and 24.
 
bTimes and costs calculated from available information.
 

cHaynes, Ox-diuwn Imptement4, p. 12. 

Cost of 

animal labor 

dollars 

4.66 


4.04 


-


-

1.00 


0.74 


Total
 
cost/ha.
 
dollars
 
7.39
 

7.07
 

3.95
 

2.87
 

1.50
 

1.11 



Weeding and Inter-cultivation
 

are very difficult
 
Irregularly-spaced and haphazardly-located plants 


to cultivate and can be weeded only with a great 
deal of time an" effort.
 

rows uniformly spaced, with sufficient distance 
between
 

Crops planted in 


them, can bu easily and quickly weeded. 
When 
soil conditions are favorable
 

and the seedbed has been properly prepared, labor-saving, 
high-capacity
 

tools and implements can be used for inter-plant cultivation and weeding
 

to control plant environment on
 to greatly expand the farmers capacity 


Weeding is considered the major constraint limiting 
the
 

larger areas. 

rop farme.r,
 

area that can be effectively cultivated by 
the small annua-l 


tenants and share-croppers.
 

Weeding has long been recognized as an essential practice by 'a.mers.
 
especially 


early account by Salt:
Pankhurst quotes an 


In Tigre after the plowing, the womenfolk used 
rude,
 

hooked instruments to break the clods and 'most carefully'
 

picked out all the weeds; if this weeding, however, was not
 

sufficient, men, women and children would 
collect when the
 

out the 
corn was half. ripe and forming a line, 71 would pluck 


weeds with singing and much 
merrlannt.
 

Technical Factors and Constraints
 

Hand Weeding Operations
 

1) Tools and Practices
 

serve several purposes.

Hand farmers have few tools and most of these 


Tools used for inter-cultivation usually are 
the same tools used for secon-


Various types of short-handled
 
dary tillage and perhaps primary tillage. 


farmers inare owned and used by hand
hoes and a few long-handled hoLs 

They exist in different weights, shapes and 
sizes but
 

Equatorial P.Irica. 


usually are lighter and wider than hoes designed 
for digging and primary
 

Weeding sickles are not used as much in Equatorial 
Africa as
 

tillage. 


In a few areas, traditional chopping
in parts of Asia and the Far East. 


are being replaced by lighter weeding tools 
where row cropping has
 

hoes 


been introduced.
 

Bengtsson made a study of cultivation practices 
in
 

a) Ethiopia 

While hoes are 

the hand- and animal-powered highlands 	of central Ethiopia. 

the most common method. He points
used in weeding, hand picking is still 

out, however, "hand picking of serious 	tall-growing 
weeds is seldom carried
 

71
 
Richard Pankhurst, Economic HZ6tohj 06 Ethiopa, 1800-1935 (Addis 

Ababa: Haile Selassie I University Press, 1968), p. 187. 
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72 
out between plowings." Furthermore, "in spite of the plentiful weed
plants at planting time, there is 
no special wecding carried out before
 

73

the seed is broadcast." 


Soil burning is practiced also in certain areas in order to 
prepare
 
fallow sod land for cultivation. Bengtsson says burning 
"is almost the
 
only way of getting rid of all grasses and their roots. 
 The loosened
 
sod is collected and piled in heaps by hand and set afire with burning
 

' 74
dry cow dung. (Figure 2.5.)
 
In the lowlands of southwest Ethiopia, (Pokwo/Agnale), the narrow

bladed dIaUa (hoe) is used for weeding. The fields are weeded with the
 
same hoe twice in the spring and once in the 
fall in a normal season. The
 
cltaUa .as a metal blade about 6 cm. wide by 8 cm. long which extends into 
a wrap-around socket 8 cm. 
long, into which a straight handle is usually
 
inserted. 
The handle may be 90 cm. or longer. Sometimes a right-angle
 
handle is used in place of a straight handle. (Figure 2.11.)
 

The Awash Valley plantations (Middle Awash Settlement and Tendaho)
 
and farmers have adopted a long-handled hoe with 
a rectangular blade
 
similar to 
those used in Kenya and Tanzania except the blade is 
a little 
longer. (Figure 3.23.) 

b) Kenya and Tanzania The same jeinbe (hoe) used for primary and 
secondary tillage is used for weeding and inter-cultivation. 
Sometimes
 
narrower blades 
are used to work closely around plants. Blades are being
 
made in Nairobi by at least 
two firms and are 
sold through hardware stores
 
and farmers cooperatives. 
The blade is similar in shape to the hoe
 
in Figure 3.23.
 

c) Ghana The hoe called a kpakpta has 
a medium length handle 60
 
to 70 
cm. long and either a squarish or round-sh~uldered bl~de 12 
cm. wide
 
and 15 cm. high set at an angle of about 600 with the handle. The blade
 
can have 
a tang for insertion into the enlarged end of a wooden handle,
 
or it may have a tubular socket into which the handle is fitted. Many
 
variations exist, depending upon the "reference of the local blacksmith
 
and the accepted form in the community. (Figure 3.1 and 3.2.)
 

In some parts of Ghana, particularly the southern forest belt, farmers
 
also use a short-handled cutlass for weeding. 
It is shoved into the ground
 
at the base of the weed to cut off the 
root. 
Small weeds are flipped out
 

72

Bengtsson, 
op. cU., p. 5.
 

73ibid., p. 21.
 
74Ibid., 
p. 11.
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Figure 3.23 	 Long handle heavy hoe used for weeding in eastern Ethiopia 

The long steel blade is imported but well suited to this 

area where weeds are especially difficult to control on 

flood irrigated plains. In contrast to most traditionally
 

used short-handled tools the people in this area prefer
 

long handles. (AFR-20)
 

with the tip of the blade. Hand pulling weeds around plants also is common.
 

d) Nigeria The Nigerians use a short-handled weeding hoe, called
 

a go na, made primarily by village blacksmiths. The metal blade is hammered
 

out of old auto metals. The triangular-shaped blade, about 15 cm. wide
 

at the bottom gradually tapers to a pointed tang at the top which is driven
 

into a hole in the handle head. The 60 cm. long handle gracefully curves
 

to form a hand grip and the blade curves inward so the tip points back
 

toward the operator. When the angle of the blade with the handle is correct,
 

it makes a very well-balanced tool. For weeding around random-spaced
 

plants and on ridges, Nigerian farmers say it is much better than a long

handled hoe. (Figure 3.24.)
 

e) Senegal and Ivory Coast Similar short-handled hoes, called
 

dabU6 in Senegal, were observed in use in other parts of West Africa. The
 

farmer works in a bent position and rapidly hoes the weeds out with one hand
 

and shakes them with the other to remove the dirt from the roots.
 

The women in Senegal use a special long-handled hoe called an i.teA or 

IhLUJe for preparing rice paddies. They normally work together in groups; 

sometimes an entire community will participate, led by one who sings and
 

dances to encourage the others. (Figure 3.25.) The .ifAhas a flexible
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Figure 3.24 Short-handled qaAmoa weeding hoe This common hand tool is 
a popular tillage implement in northern Nigeria. For labor
 
accustomed to stooping it is a very efficient weeding tool
 
and especially well-liked for ridge farmiaig. The blade is
 
made by the local blacksmiths and the handle is generally
 
very carefully selected and fitted Ly the iarmer. (AFR-332)
 

Figure 3.25 Long-handled hoes in West Africa Women hoeing rice paddy
 
with long hoes called UtAe in preparation for planting 
rice seedlings in the Casamance Region, Senegal. The
 
handle made from a sapling has a natural right angle bend 
about 40 cm. from the blade end. (AFR-522)
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handle 190 to 220 cm. long to which is attached a small socket-type hoe
 

blade from 6 to 8 cm. wide. The blade is positioned on a shaft at a right
 

angle to the main handle at the root end of a sapling.
 

2) Power Required
 

All weeding hoes in Lquatorial Africa can be used by men, women or
 

older children. Every farm has at least one hoe and often two or more,
 

generally one for each adult member. Children are expected to pull weeds
 

by hand. The biggest limitation in power for the hand farmer is the number
 

of people he can muster for weeding. The tendency is to let the weeds get
 

too large before attempting to control them.
 

In Ethiopia as many as 16 to 38 weed-plants per crop-plants were
 

reported by Bengtsson. He says that while farmers "suggest frequent weeding
 

as a remedy", they do not practice it. Their "complaints are always the
 75
 

lack of labor and lack of cash."
same, e.g. 


Sommerauer compared the weeding capacity of various hand tools. He
 
2 


says, "as against the weeding sickle's very low capacity of 3 m. per hour,
 
2
 

the digging hoe's capacity is 70 to 150 m. , and that of the pulling hoe
 

2
 He points out, however, that "if modern hoeing implements
 

are to be used efficiently, crops must be planted in rows." For example,
 

pulling hoes can not be used in mixed crops of spinach and onions which have
 

been broadcast and stand close together.
76
 

200 to 400 m. " 


3) Time Required
 

a) In Ethiopia As a rule, cereal crops of wheat, barley and te6
 

are weeded once; maize and sorghum are weeded twice after a plowing carried
 
77 


out as the first weeding and thinning operation. No time studies of work
 

rates were made.
 

b) In Nieria Shambaugh states:
 

The native Nigerian farmer has found it only expedient
 
to farm as much as he can properly weed. With the equipment
 
he is presently using, a single hand-farmer is only capable
 
of taking good care of approximately three acres. Depending
 
on the season, general field weeding will rarely need to be
 
done before planting of millet, probably before guinea corn,
 
but generally always before planting of groundnuts and cotton
 
which are planted at a much later date.78
 

75Ibid., p. 45.
 
76W. Sommerauer, Small Agriutvta Imptement: Repo'.t to the Gove ut

ment o6 Aghaniztan, Report No. 23, (Rome: Food and Agricultural Organiza
tion of the UniLed Nations, May, 1952), p. 14. 

77Bengtsson, Op. c.U., pp. 46-47. 
78 Shambaugh, Mec.htized A66itaitce .o Hand-Fa.umng, p. 2. 
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Shambaugh gives a detailed summary of hand operations performed by
 

one man with a hoe as his only tool in farming 4 hectares comprising 1.2
 

hectares each of millet and guinea corn and 0.8 hectares each of ground

nuts and cotton. The farmer, in caring for this area (large by present
 

standards), was assisted by a 45-horsepower tractor and a special tillage
 

machine at crucial times for certain operations such as primary tillage;
 

once-over field cultivating, fertilizing and row-marking in preparation
 

for hand planting; row-crop cultivation of all crops twice (except cotton
 

only once), and putting a side-dressing of fertilizer on millet and guinea
 

corn. The total hours of machine work for all these operations was only
 

14.3 hours or about 3.7 hours per hectare.
79 

The special tillage machine
 

developed by Shambaugh for assisting hand and animal farmers is called the
 
80
 

Bornu Complete Tillage Machine and is described below under engine power.
 

Shambaugh says,
 

The farmer was busy for most of the crop season
 
(April to August, 1968) and was a good worker...
 
With the assistance of the Bornu Complete Tillage Machine,
 
the fields were clean and the crops looked very good at
 
harvest time. [He further said] if the farmer had been
 

farming any more than 4 hectares under this plan, all by
 
himself, he would have been short of time for thinning
 
and weeding and would have had to use additional machine


8 1
 
work for weeding.
 

table III. 11 summarizes the hand-weeding operations of one hired 

worker using a hoe in northeastern Nigeria. These hand-rate-of-work
 

capacities, however, are higher than could be obtained with broadcast or
 

randomly planted crops because the laborer is working in straight rows of
 

spaced plants, which facilitates weeding.
 

In another weeding trial at Maiduguri in August, 1964, Shambaugh
 

reported that hired hand laborers were able to weed row crops (doing no
 

thinning) at a rate of 0.023 hectares per man-hour or 43.2 hours per hectare.
 

These rates are probably much faster than average, since the men knew they
 

were being timed. Had there been more weeds and grass present, the soil
 

would have had to have been broken up into smaller pieces, requiring
 
82
 

additional time and labor.
 

c) In Ghana Sokah made a study of tomato production in the south

ern Accra plains. Using a medium-handle kpakpfa (hoe), it took four men 37
 

79Ibid., p. 8.
 
8 0 Shambaugh, Bolum Comptete TZtage Machine, p. 21.
 
8 1 Shambaugh, Medhanized A6i~tlce to Hand Fauming, p. 8.
 
82Shambaugh, Compa.'LJon o6 Hand and Machine Cu.itvation Coat6, p. 5. 
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SUMMARY OF HIRED HAND-LABOR IN WEEDING FOUR HECTARES
 

OF ROW CROPS: NORTHEASTERN NIGERIA 1968a
 

Total Average Average
 

TABLE III. 11 

Date Area Operation Crop Time Rate Ccit
 

hectares hours hrs./ha. dollars/ha.
 

May 1-9 4.U Weeding before - 63.3 15.6 1.71
 
planting
 

June 17-25 1.2 Thinning and Millet 106.5 87.7 9.64
 

June 27 - close weeding
 
July 3
 

July 4-11 1.2 Close weeding 	 Guinea 57.0 47.0 5.17
 
Corn
 

July 12-20 0.8 Close weeding 	 Groundnuts 65.3 80.8 7.90
 

July 26-31 0.8 Close weeding 	 Cotton 40.5 50.2 5.51
 

Aug. 1-10 1.2 	 Weeding, Guinea 72.5 59.8 6.62
 

second time Corn
 

Aug. 12-31 0.8 	 Weeding, Groundnuts 147.0 181.5 19.93
 
second time
 

aShambaugh, Mechanized A&SZ.tance to Hand Faiuil.q, p. 7. 

bBased on wage rate of $0.11 per hour actually paii to hired labor in this
 

area in 1968.
 
Note: From June 26 to July 30, the farmer was assisted by a tractor tillage
 
machine in weeding at critical times on each of the four crops by inter-row
 

cultivation. While the total time spent in machine tillage was only 6.7
 
hours, it met a critical need of rapidly weeding the large inter-row spaces,
 

allowing the farmer to concentrate on the in-row thinning and weeding during
 
which time he was fully employed.
 

hours to weed one hectare, or 148 man-hours per hectare. Tomatoes required
 
83
 

three hand weedings for control.
 

4) Skill and Management Required
 

Based on five years' 	experiments in comparing different levels of
 

power for crop production, Shambaugh 	 points out, "When the farmer needs to 

hire additional labor for weeding, he often finds that it is not available 
' 84 

the same time."because everyone is busy weeding his own crops at 

"The hand- and animal-powered farmers need to be assisted by tractor

powered machinery, but at the same time their labor must be used to the
 
'85
 

fullest extent af their ability."
 

83 .K. Sokah, Mechanical Superintendent, Greater Accra Region, Ghana
 

Ministry of Agricolture, Amasaman, Ghana, Personal Communication, November, 
1968.
 

8 4
 
Shambaugh, CoinpaJdon o6 Hand and Machine 'uttiva.tiOn! Cost6, p. 3.
 

8 5 
Shambaugh, Bohnu Comptete Titage Machine, p. 1. 
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Since the normal hand planting operation is to plant a pinch of seed, 

thinning becomes a necessary practice as soon as the plants become well
 
86
 

done by hand at this time.
 
established. Close weeding also is 


The Nigerian farmer plants guinea corn and groundnuts after millet.
 

If fields for these later crops are not cultivated before planting to kill
 

all weeds, Shambaugh notes, "the farmer had to put in considerably more
 
87
 

hours hand weeding groundnuts."
 

Even if farmers admit that they have a serious weed situation, they
 

fail to realize the true significance of the weed competition. High yield 

increases often can be obtained by slightly intensified weeding which more
 

than pays the additional cost of hired weeding. This has been shown in
 

weeding experiments by CADU in Ethiopia.
 

In Ethiopia Bengtsson reports:
 

The present weeding efficiency means a weed plant
 

reduction of about 50 percent, but this effect is only
 

temporary, unfortunately. The environment will, however,
 

favor both regrowth of once eradicated weed3 and develop

ment of seedlings, left growing at the date of weeding.
 

Therefore, the weeding procedure should be repeated sev

eral times, which is quite possible since the time require

ments do not necessarily mean a significant increase of
 

working hours; the more frequent the weeding is carried
 

out, the less weed plants. More intensified weeding may
 

in the initial stage also be combined with row planting,
 

preferably. This will apply to crops such as maize,
 

sorghum and beans which easily could be hand planted.
 

Broadcasting may be used but modified in the way
 

that seeds should be dropped only in every third or fourth
 

furrow followed by seed covering, thus giving a proper row
 

spacing. This will facilitate the mere weeding which
 

easily could be repeated without any risk of destroying
 

the crop by broken plants. Furthermore, the row planting
 

will lead the way to introduction of a simple long-handled
 

hoe. Although these are major changes compared to the
 

traditional method, they mean a very definite yield in

crease by which it would be relatively easy to adopt the
 

new practice. It is a cheap method, it does not require
 

any special investment, and its effect is drastic and
 

easily demonstrated. The additional labor gives a good
 

profit and particularly when combined with row planting
 

when also seed may be saved...88
 

Hopfen points out that:
 

Crops planted in rows with regular, sufficiontly wide
 

spaces and a soil that is not too cloddy, can be :ultivated
 

8 6 
Shambaugh, Medjtized A6sizt.cce to Hand Fa'ung, p. 6. 

87Ibid., p. 9.
 

88

Bengtsson, op. cit., p. 61.
 

2-229
 



with chopping hoes or weeding knives with great expen

diture of labor and time . . . a farmer and his family
 
are able to cultivate only very small plots properly
89
 
in this way.
 

5) Costs Involved
 

Adjusting Shambaugh's quoted rate for hand labor at the Farm Center
 

in Haiduguri to present labor costs of $0.90 per 8-hour day or $0.11 per
 
90
 

costs $4.89 per hectare.
hour, hand weeding 


In a comparison of hand operations and mechanical assistance to hand
 

farming, Shambaugh recorded the actual times given in Table III. 11. For
 

thinning and close weeding, the costs per hour ran considerably higher,
 

depending on the crops and nature of weeds, ranging from $5.17 to $9.64 per
 

hectare. The cost of the second weeding varied even more, depending on
 

the crop and previous tillage practice. Low costs were associated with
 
91
 

weeding guinea corn.
 

Animal Weeding Operations
 

1) Tools and Practice
 

Larger fields can be cultivated with modern animal-drawn implements
 

rapidly and efficiently provided the crops are properly spaced and planted
 

in straight rows with adequate space between them for the movement of
 

cultivation equipment. Broadcast or irregularly spaced crops can only be
 

cultivated laboriously with small hand tools at great expense of time and
 

effort. Worst of all the weeding is only temporary because of the incom

plete and unsatisfactory nature of the work.
 

Normally, crops are cultivated only in one direction since plants
 

are randomly spaced in the rows. Sometimes if weed problems are serious,
 

or if hand labor is scarce or too expensive, crops can be check-rowed and
 

lined up perpendicularly to the rows to permit cross cultivation. This
 

practice was observed in Senegal and is recommended by the Bambey Lentre 

for Agronomic Research to animal-power farmers. (Figure 3.26.)
 

The main purpose of inter-cultivation is to eliminate weed growth as
 

a limiting factor in crop production. Crop rotations using row crops after
 

small grains may be necessary to permit intensive weeding. One of the
 

principal reasons for advocating row-cropping is to facilitate subsequent
 

hoeing and weeding. Secondary objectives of inter-cultivation may be to
 

89

Hopfen, op. CU., p. 86.
 

9 0 
Shambaugh, Bornu Compt.te Te..&e Machine, p. 9. 

9 1 
Shambaugh, Meclian-zed AAL.tance to Hand Fahng, p. 7. 
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Figure 3.26 	 Weeding by cross-cultivating rice A steerable ox-drawn
 
cultivator developed at the Bambey Centre for Agronomic

Research in Senegal and mounted on a French-designed tool
bar. Note the upright standards by each wheel onto which a
 
platform or box can be mounted 
for hauling produce or sup
plies to market. In this French system the Implement tongue
is fastened to the yoke attached to the animals horns by 
straps. Two operators are always required; one to drive the
 
oxen and one to steer and watch the implement. (AFR-547)
 

loosen and aerate 
the soil, ridge up plants, or side-dress with fertilizer.
 

Many of the implements used in secondary tillage for seedbed preparation
 

can be used for weeding and inter-cultivation. In some countries farmers
 
may have only one or two implements that are used for all purposes. Tools
 

made specifically for weeding are superior; several improved types of
 

cultivators and weeders have been introduced in Equatorial Africa. 
Until
 

sufficient demand 
can be built to warrant local manufacture, selected
 
machines should be imported to acquaint agricultural services and farmers
 

with their capabilities. So far, more progr:ss has been made in French

speaking western and central African countries to introduce better animal

drawn equipment. (Table III. 8.)
 

a) Animal-drawn Hoes A light cultivator or hoe, pulled by a horse
 
or a donkey, is a very common sight in Senegal. More are found in Mali,
 

some 82,000 according to the 1965 census reported in Table III. 
8. While
 
single-purpose hoes are less expensive, 
there is a growing trend toward
 

multiple-purpose tools and toolbars as def.cribed on pages 2-181 - 2-197. 

The most widely sold hoes in Equatorial Africa are the single-row
 

hoes, Occidentale and the Sine 7, developed by French manufacturers and
 

made by SISCOMA in Senegal. They are simple multi-purpose hoes developed
 
for inter-cultivation of 
row crops grown by small farmers in tropical and
 

semi-arid climates. 
Each can be drawn by an ox, donkey or horse and consists
 

of a front-wheeled two-handled frame to which can be attached, at 
adjustable
 

sj-acings, three cultivator tines, two weeding shares, one 
large duck-foot
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sweep and two tines, or one ridging body. The implement with attachments
 

weighs about 15 kg.
 

The Lever-expansion cultivator, imported into eastern and western
 

Africa from India, England and Israel, is a five-point one-row cultivator
 

based on McCormick design.
92  

It can be easily and instantly adjusted by
 

lever for different wid:hs of row crops from 30 to 63 cm. (Figure 3.27.)
 

Uses include seedbed preparation as well as inter-row weeding and culti

vation. The shovels are reversible for double wear, and right and left
 

moldboards and double-face shovels are available for the rear gangs for
 

throwing soil around plant roots or making small irrigation furrows. It
 

weighs about 35 kg. and sells for $21.00 in Tanzania.
 

Many of these units were imported into Ghana in the early sixtiej,
 

but they have not been widely distributed. Some remain boxed in the
 

Ministry of Agriculture Workshops in southern Ghana waiting transfer to
 

the northern sad upper regions where animal power is used. (Figure 3.28.)
 

For single and multiple rows the expandable horse hoe is a common
 

implement world-wide 'or deep row-crop inter-cultivation and weeding. Many
 

width adjustments and patterns of tines are used. The implement is steered
 

with two handles at the rear, and an adjustable front wheel controls the
 

depth.
 

A more advanced version known as the steerage horse hoe is a multi-row
 

implement with a two-wheeled fore-carriage and a tine frame. Steered
 

independently of the draft animal, it allows precision cultivation,
 

important in most crops grown in rows.
 

Multiple-row tools are being introduced with ox-drawn toolbars and
 

toolframes, but expensive single-purpose tools such as the steerage horse
 

hoe are not likely to become popular in Africa.
 

b) Rigid-Tine Animal Cultivators For inter-row cultivation and
 

final seedbed preparation, the cultivator normally has wide bladcs or shovels
 

designed for shallow work. Flexible and semi-rigid tines are more expensive
 

and are draft-saving only at fairly high speeds. They have no advantage
 

with slow animals over rigid tines fixed to a solid frame. Hopfen states:
 

The cultivator is a very versatile implement derived from
 
the symmetric aAd. . . It is used for clod breaking, stubble 
mulching, seedbed preparation and seed covering in arid zones
 
either on dry or irrigated land, for weeding and inter-row crop
 
hoeing. In semi-arid regions where draft animals are sufficiently
 

92Cossul and Company Private Ltd., 123/367 Industrial Area, Kunpur,
 

India; Charles Weir, Ltd., Townpark Works, Strathaven, Lanarkshire, Scotland;
 
and Technohac Agricultural Machinery and Implements, Ttd., Peteh-Tikva,
 
Israel.
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Figure 3.27 
Cossul (Indian) lever-expansion cultivator Once commonly
used in small f-..ms in western countries, this tool has beenintroduced into Asian agriculture and is now entering
African countries. 
While it is basically a cultivator, a

variety of shovels and attachments can be added. 
It can

be pulled by a single animal but it should be well trained
for single operator control. The width is adjustable from
 
25 to 63 cm. but this mechanism makes it much more compli
cated than the 3-tooth single-handle cultivator shown in
 
Figure 3.29. (AFR-510)
 

0I 

Figure 3.28 Boxed improved hand-and animal-powered tools in western
Africa These 
tools, primarily cultivators, maize shellera
 
and pedal rice threshera, were imported 3 to 6 years agu

for demonstration and trial by small farmers. (AFR-366) 
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strong, the moldboard plow is being replaced more and more
 

by the cultivator for primary tillage. This implement,
 

normally drawn by a pair of animals, consists of a cross93
 
bar and ujally five curved staggered tines.
 

The German Rhino cultivator was tested at Samaru and "good crops of 
" 94 

guinea corn and groundnuts were grown without any hand weeding. The 

cultivators, which were on the Northern Region Standardization List from 

1957, are still used at Samaru, although they have been replaced to some 

extent by a newly designed weeder which is more suitable for tied ridges. 

The working rate is 6 to 10 hours per hectare, but the cultivators do 

not work well in wet soil. Price in 1964 was about $30.00. 

Braun tested the Ulysse Fabre hoe in Niger by harnessing a donkey
 

with a longer rope (4.5 m. instead of 3.5 m.) around the breast. He said,
 

"lateral movement of implement can be easily made to allow hoeing between
 
95
 

reduces hand labor to a minimtum.
 plants in rows and it 


Braun also made an experiment using a single ox as a draft animal to
 

hoe millet with a tool carrier ktaa. He used a single neck yoke, two
 

chains 2.5 meters long, a single bar and the AAa toolbar equipped with
 

50 cm. sweeps. Results were excellent and the single neck yokes of Swiss
 
96
 

origin worked very well.
 

The Indian-type single-handle cultivator is a three-tine cultivator
 

patterned after the traditional breaking plow with a long rigid beam and
 

set of shovels attached. The width can be adjusted easily by bolting the
 

tines to different holes in the frame. Depth is adjusted by changing the
 

height of the beam in relation to the frame with other holen. Models from
 

various firms are available with sweeps of different sizes. One of the
 

simplest, a RN cultivator made by Cossul, weighs 16 k1. and can be converted
 

into a moldboard plow, with or without a seeding atL. chment. (Figure 3.29.)
 

The Vikas Jr. cultivator has a more intricate frame aid several more
 

attachments. In addition to the moldboard plow and weeding attachment, a
 

ridger plow and fertilizer distributor are available. The cultivator
 

weighing 16 kgs. is similar to Figure 3.29.
 

c) Animal-Drawn Blade Harrows A typical Indian implement for
 

9 3

Hopfen, op. cit., 
pp. 63 and 66.
 

9 4 
Haynes, A B4Ze6 Re iew o6 Mtchanizoaton ExpeAiment6 in Nof,theAn
 

NigeAia, p. 14.
 
95H.J. Braun, L:eA DePveopment o6 AgAicututww Use o6 Anano.-' uawn
 

Plow .Zn N.geA; Repo' to the Goue.'nme. (Rome: Food and Agricultural
 
Organization of the United Nations, 1967), p. 4.
 

9 6 
Ibid., p. 2.
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Figure 3.29 	 Cossul RN or Vikas Jr. (Indian) simplified animal cultivator
 
Distinguished by a single handle, thece inexpensive three

tooth cultivators are designed around the conventional
 
breaking a.d concept. A long rigid tongue utilizes the most
 

popular type of hitch for animal-power using the ox team.
 
The row coverage spacing can be varied by rebolting the
 

teeth in selected holes of the cross frame. These units can
 

be produced locally by a trained blacksmith. (Photo courtesy
 

of B. Karlsson, CADU/SIDA, Asella, Ethiopia, April 1969)
 

(AFR-460)
 

destroying weeds, described by Hopfen, may have a place in tropical climates,
 

particularly in arid and semi-arid climatic zones. It is good for secondary
 

tillage and inter-cultivation, provided the ground is eveii and free of
 

stones and big roots. It consists of a sharp steel blade, with a working
 

width of about 40 to 60 cm., carried on two supports fixed to a wooden beam
 

or iron frame with a central pole for two-yoked animals. The slightly
 

declined blade drawn through the upper soil level produces a good mulch and
 
97
 

destroys weeds.
 

d) Flexible Animal Harrows These units are used for weeding and
 

very light tillage during early stages of crop growth, seed-covering and
 

spreading manure on pastures. Constructed of light metal rods and bars, these
 

units could be easily fabricated by small workshops and metal industries
 

in developing countries. While not used to iny extent in Equatorial Africa
 

by the small farmer, flexible harrows have large potential. This harrow
 

is sometimes constructed so that one side has longer teeth to provide two
 

harrows in one. (Figure 3.30.)
 

97

Hopfen, Op. cit., 
p. 63.
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Figure 3.30 	Pgra (Israeli) simple all-steel semi-flexible harrow In
 

areas where the breaking plow is the only implement owned
 

by most farmers, there is a need for some type of secondary
 

tillage implement, particularly for seed coverage. This
 

type could be made in a developing country from modular
 

steel pieces or assembled from standard imported components.
 

11any styles and configurations are available. (AFR-537)
 

2) Output. 	Power. Time and Labor Required
 

a) Single-Row Hoe. ruwer required is a donkey, small horse or ox.
 

Output of the lever-expansion five-shovel cultivator ranges from 1.2 to
 

1.6 hectares 	per 8-hour day while the German Rhino cultivator's work rate
 

varies from 0.8 to 1.2 hectares per 8-hour day. Man-hours run from 5 to 

10 hours per 	hectare. One man can guide the cultivator and a well-dis

ciplined animal at the same time. In most cases observed a boy or woman
 

leads or rides the animal.
 

b) Multi-Purpose Two-Row Toolbar Cultivators No research data were
 

available on the capacity. In Senegal, farmers were observed using toolbars
 

for two-row cultivation. In all cases, two men operated the implement,
 

one man driving the oxen and the other man steering the toolbar cultivator.
 

(Figure 3.26.)
 

Power required two oxen and output is estimated at 1.6 to 2.4 hectares
 

per 8-hour day. Man-hours with two men are 6 to 10 hours per hectare. Two
 

men are needed with normal whip and voice control, but this could be reduced
 

to one man and 3 to 5 hours per hectare by using the Indian system with 

nose rings and lines. (Figure 3.31.)
 

c) Single-Row Indian-type Cultivators (Manufactured by Cossul and
 

Co. Pvt. Ltd.). Power required is two oxen, although cultivators could be 
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Figure 3.31 	 Improved nose ring and line system (European and Indian) for
 
ox control Along with improved animal tools and implements
 
there is a need for better methods of hitching and control
ling draft animals. For good work and most efficient use
 
of implements animals must be taught to walk in straight
 
lines and be quickly and easily corrected when necessary.
 
Using the yoke system without lines, or with lines only to
 
the head or horns, adequate control cannot be obtained ex
cept by using at least two operators and leading the animals.
 
With indiyld,'al nose rings and lines, one man can control
 
both the implement and the animals, the accuracy depending
 
on degree of training of man and animals. (PhoLu courtesy
 
of 6. Karlsson, CADU/SLDA, Asella, Ethiopia, Apri±,±969)
 
(AFR-468)
 

modified for single animal draft by replacing the rigid pole with two shafts,
 

or possibly a singletree and two ropes. Output, according to the manufac

turer, is 1.2 to 1.6 hectares per day for either the RN three-tine cultivator
 

or the Vikas Jr. three-tine cultivator. With a single operator the time
 

required Is 5 to 6.6 man-hours per hectare. Unlike straddle-row cultivators,
 

these single-handled implements can be operated between the rows by one man.
 

3) Skill and Management Required
 

Weeding is the animal-powered farmers most sev re limitation.
 

Although he has greatly increased his capacity to prepare land for planting,
 

he is often unable to effectively weed it with the traditional techniques
 

and tools at his disposal. Two prerequisites must be met if the animal

powered farmer is 
to be able to keep his crops clean and free from damaging
 

weed competition.
 

a) Pre-Planting Weed Eradication First, he mwt do a betteA job 
o6 6eedbed p~ppa.tion and p.eptantng Weed contowt. In Ethiopia, this 
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means developing a more effective system of primary tillage either by
 

improving t!e indigenous plow or replacing it with a more effective tillal
 

implement. Even with three to four plowings, as gengtsson found,
 

The soil surface is only 	scratched by the plow and
 
there is little weed control. [He also noted] no hand
weeding takes place, neither between different plowings
 
nor before planting . . . it is not surprising to note
 
220 weed plants, as an average per square meter in fields
 
prepared for planting. [He said] farmers seem to be aware
 
of the weed situation and emphasize that weeds are of
 
particular importance in their crop production, but they
 
do nothing about it.

9 8
 

in northern Nigeria and Ghana, the ground gets very hard as it dries
 

out. Shambaugh says the 	primary tillage with a chisel-plow or heavy-duty 

field culLivator should be done "as soon as possible after harvest before
 

the ground becomes excessively hard. The ground is left with as large
 

clods as possible in order to absorb the maximum amount of moisture from 

the first rains, as well as being a very poor seedbed for encouraging the 
99  
growth of early weeds." For field weeding, he recommends the use of
 

wide-sweep shovels (such as 40 cm. wheatland sweeps) overlapped 5 cm. to
 

off all weeds. It is advisable to kill all of the weeds before planting
 

when there are no plants 	that must be saved. No weeJs should be allowed I 
100 

get over 5 to 8 cm. tall.
 

Most animal-powered farmers make the mistake of allowing weeds 
to
 

become too large before' attempting to eradicate them, or they simply plant
 

in weedy fields hoping to be able to get rid of the weeds by early hoeing
 

or hand weeding. If the 	farmer has done a good job of primary tillage,
 

few weeds will impede plant growth in normal weather. Depending on the 

season, general field weeding will rarely need to be done.
 

b) Row Planting for Weed Control Secondly, the ox-plow farmer
 

plant in rows properly spaced and aligned so that he can employ more prodt
 

tive, time-saving, less expensive and effective means of weed control. 
Wb
 

chemical herbicide can control most weeds, they are much too expensive nc
 

for the emerging farmer in Equatorial Africa in his present stage of econc
 
01  
and agricultural development.1 In the meantime Aith more diligent and
 

frequent weeding by hand, hoe or animal cultivation, all facilitated by
 

spaced-row-planting, the 	farmer'can greatly improve his economic returns. 

98

lBengtscon, op. cit. , pp . 58-60. 

9 9 
Shambaugh, Mechanized Aui6tance to Hand Fawwvng, pp. 4-5. 

100

ibid., p. 5.
 

101

Bengtsson, op. Cit., p. 50.
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High yield increases may be obtained by slightly intensified weeding at
 

small added cost.
 

Bengtsson states, "emphasis should be put on simple innovations, one
 

of which is thL row planting combined with regular weeding. Tha row
 

planting will facilitate the weeding and the regular weeding will raise the
 

02 

yields." 1 While hand weeding and hoe weeding are aided greatly by row
 

planting, a much greater increase in output can be achieved with improved
 

animal-powered weeding implements.
 

Using a single-animal one-row hoe, a farmer can clean out most weeds
 

in 5 to 10 hours per hectare. And by cultivating two or three times per
 

month instead of hand weeding once, he can achieve greater weed control
 

in one-sixth of the t:.me even allowing for three cultivations, each at
 

ten hours per hectare. Some hand weeding may still be needed, but it would
 

be less urgent and much easier. If planting is done by hand and the farmer
 

later uses some form of multiple row, animal-or engine-powered cultivation,
 

the two rows must be exactly parallel. Shambaugh says, "with two evenly
 

spaced parallel rows, two rows at a time may be cultivated at any time after
 

the emergence of the plants, even before thinning if desirable . . . an
 

extra cultivation costs very little and a much better job can be done when
 
"1 03
 

are small.
the weeds 


Harvesting and Threshing
 

Harvest operations comprise cutting of stalks; separation of heads,
 

pods, or ears; digging of roots, tubers and nuts; and collecting, gathering
 

and handllrg of crops. Plants growing above ground such as 
small grains,
 

forages and grasses, are usually cut off with some type of sharp knife or
 

sickle; those growing under the ground, like groundnuts, yams and cassava
 

are dug up with forks, hooks, or spades or lifted with special digging
 

tools or implements.
 

For hand- and animal-powered farmers, threshing is usually a second
 

operation performed at or near the farmstead. Ears of maize, however,
 

usually are husked in the field before being transported to the storage
 

area. More advanced engine-powered machines cut and thresh a husk simul

taneously in the field. Gathering and handling of harvested crops with
 

hand and animal power is accomplished with various tined tools, baskets
 

and containers, sleds, carts and wagons. :ngine-powered equipment includes
 

self-unloading'wagons, trailers, elevators and loading devices.
 

102
 
Ibid
 .
 

1 0 3Shambaugh, Medwktized A6L.ztance to Hwid Fauning, p. 6. 
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Technical Factors and Constraints
 

Hand Harvesting Operations
 

1) Tools and Practices
 

Most hand tools are made by the local artisan or by the farmer himself.
 

Processing equipment and techniques are generally very functional and un

refined. A few simple improved hand-operated machines are available in
 

Africa, and some units are being manufactured in or near the capital cities:
 

Nairobi, Kenya; Dar.es.Salaam, Tanzania; Accra, Ghana; Lagos, Nigeria;
 

Abidjan, Ivory Coast; and Dakar, Senegal. A new metal tool factory,
 

Ethiopia Private Tool Company, Ltd., is being established in Addis Ababa,
 

Ethiopia. Special efforts are being made to encourage local enterpre

neurs to start small manufacturing industries in most other countries. The 

Irdustrial Development Center (IDC), a joint USAID/GON project to assist
 
1 0 4
 

small industry in northern Nigeria, is an example.
 

a) The Sickle Of all harvesting tools used in the world today,
 

the sickle is the most universal and ancient of harvesting tools. Huffnagel 

describes two Ethiopian types:
 

* * * the common sickle for grain and the Gww.ge sickle 
used mainly for cutting grass. The grain sickle is more curved 
with a handle 10 to 12 cms. long and total length of blade of 
35 cms. The handle and blade of the grass sickle is the same 
length but the blade is wider, 2 1/2 compared to 2 cms. for the 
grain sickle . . . The Ethiopian sickle has a serrated edge

1 05
 filed on the blade to increase its efficiency.


1lopfen says,
 

The sickle is still widely used rLI over the world to
 
reap cereals, particularly paddy rice which has soft but
 
tough straw and is easily shattered. Serrated sickles are
 
more common in Africa soutn of the Sahara, in Arabia, in
 
southern and central Iraq, in southern Iran and in Pakistan
 
and India. Sickles with smooth edges made of good quality
 
steel are generally used in the northern parts of the Medi
terranean, in parts of Turkey and the United Arab Republic,


1 0 6
 in northern Iran, Iraq, and Afghanistan.


The sickle is a one-handed tool permitting the other hand to be used
 

to grasp and gather the cut stalks and place them in piles or in a swath.
 

(Figure 3.32.) Some sickle blades are half-moon, others are made in a
 

1 0 4 
1ndustrial Development Centre, Te..niZca and Management A64tance 

6o1 Smal Scae Industzia, (Zaria, Nigeria: Industrial Development Centre, 
n.d.).

10 5 H.P. Huffnagel, AgZicuUuke in Et4opia (Rome: Food and Agricultural 
Organization of the United Nations, 1961). p. 160. 

106
Hopfen, op. dt., p. 98.
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Figure 3.32 Harvesting flax with the hand sickle in Ethiopian highlands
 
The hand-powered farmer's most important harvesting tool is
 
the ancient sickle. Changed little over centuries of use it
 
is still commonly used in developing countries wherever
 
small grains are grown. It is favored because it is very
 
inexpensive and can harvest rice which has a slippery stalk
 
and is easily shattered. Most sickles are made by local
 
blacksmiths from available metal. (AFR-346)
 

quarter-circle and a few shaped like 
a stork's bill. Generally, the cutting
 

edge is perpendicular to the handle axis.
 

b) Scythe This tool used with two hands originally was designed
 

for cutting grass in place of the slower and tirerame sickle. When
 

equipped with a suitable collecting device, calJed a cradle, the scythe
 

can be used to cut small grains. The modern scythe has a olade between
 

70 and 110 cm. long for grass and cereal cutting and a shnrter 40 to 50
 

cm. blade for light brush cutting. oIopfen "A good length for multisays, 


purpose blades is 75 to 80 cm. Longer blades require a skilled operator
 
' 07
and even stoneless land." 1 Narrow blades are generally preferable because
 

they are easier to handle and because they maintain their straighL edge.
 

The edge of wide blades tends to become corrugated when hammered. The
 

blade width at the heel should not exceed 10.5 cm. 
for grass and wheat
 

but should be wider for crops with thicker stalks.
 

Ground blades require sharpening on a grindstone and are most common
 

in Europe today. Hammered blades are sharpened with a hammer and small
 

anvil, and are preferred in hot climates because they are less liable to
 

breakage and less fatiguing to use. Both types of blades may be sharpened
 

107Ibid., 
p. 102.
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in the field by whetting with a suitable sharpening stone. 1lopfen says,
 
"after about 120 cutting swings, a blade needs whetting and this gives the
 

operator a short rest . . .
 When whetting no longer provides a razor-sharp
 

edge after roughly 5 to 10 hours of work the mild steel blades should be
 

hammered." 108
 

In reaping with the cradle, actual mowing is done in semi-circular
 

sweeps from the operator's right side to left. Hopfen points out:
 

Since the transport of the cut material, not the cutting
 
itself (if the blade is well-sharpened) is the tiring part of 
the operation, the worker should stand with his right foot
 
slightly forward, so that his body faces slightly to the left 
of his straight advancing position. liethus achieves the best
 
position, towards the end of each cutting sweep when it becomes
 
harder to accomplish.

1 09
 

Gabathuler suggests the scythe as a substitute for the sickle. lie 

says, "The scythe is a cheap and very efficient tool and any farmer can
 
use it without prolonged instruction . . . During the demonstrations, the
 

110
 
scythe was accepted quite enthusiastically."
 

c) Scythette This one-handed tool for grain reaping was not obser

ved in use in Equatorial Africa. The cutting edge of the slightly curved blade 

is on the outside edge of the long crank handle and is used like a machete to 

cut downward on a slant.
 

d) Machete This heavy knife is used widely in Equatorial Africa 

for harvesting large, thick-stalked plants like sugar cane, sisal, maize and 
sorghum and for general clearing and brush cutting. It is used also in some 

areas for weeding, digging holes, sharpening poles and dressing lumber.
 

Common blades range from 4 to 6 cm. wide and 40 
to 60 cm. long, and appear
 

in a wide variety of shapes.
 

A very important and widely used tool, the machete is produced by
 

manufacturing plants in Africa: 
 in Accra, Chana; Port Harcourt and Abeokuta,
 

Nigeria; and with at least three more being planned in Abidjan, Ivory Coast;
 

Zaria, Nigeria; and Addis Ababa, Ethiopia. The R. Martindale and Company,
 

Ltd. which makes the Crocodile brand in Nigeria and distributes them in
 

woetern and eastern Africa, makes 27 standard patterns of blades, ranging
 

from 28 to 56 cm. long and weighing from 396.9 to 935.6 g.ill (Figure 3.33.)
 

108

Ibid., pp. 106 and 113.
 

109
Ibid., p. 112.
 

11K. Gabathuler, SmaUt AgAcutttwu Impfement: A RepoAt to the Goveu

ment o6 Et iopia, Report 194 (Rome: Food and Agricultural Organization of 
the United Nations, 1953), p. 9. 

lllocodt Madctu SohWeht A hica and Ea t A6chia, Catalogue No. 105 

(Birmingham, England: Ralph Martindale and Company, Ltd.).
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Figure 3.33 	 Southwest Ethiopia: Grass cutting by machete Machetes are
 
used almost universally to cut brush and grass in Equatorial
 
Africa. There are no draft animals in this area because of
 
the prevalence of trypanosomiasis (carried by the tsetse
 
fly) and other serious livestock diseases. This grass is
 
used pri.narily for roof thatching. (AFR-68)
 

e) Digging Forks and Hooks Where animal-power is not available, 

root crops like groundnuts, yams, cassava, potatoes, beets, must be dug out 

with hand tools. Digging forks or hooks made by local blacksmiths are used 

but imports with strong durable teeth are needed to withstand the very hard 

ground.
 

f) Maize Husking Tools Most hand farmers rip off the husks and
 

break the ear from the stalk with their bare hands. Often the stalks are cut
 

off close to the ground with a machete and piled before husking out the
 

ears. A few maize farmers in Ghana and Tanzania use a metal hook to rip
 

open tough husks. Special husking gloves with a metal palm hook were not
 

seen in use.
 

g) Small Grain Threshers Hand farmers use simple flailing sticks 3
 

to 5 cm. in diameter and from 1 to 2 m. long to beat the kernels out of the
 

heads. The grain is normally spread out on a special threshing floor of
 

hardened mud or well-trampled and consolidated soil. More elaborate flails
 

like the Chinese rotating-end-flail were not observed in Equatorial Africa.
 

Since rice is a relatively new crop in Africa, threshing-gates or
 

sleds have apparently not been introduced. Although oarley, wheat and flax
 

are tied in sheaves, they are not thres'ied by beating the heads against
 

slanted gates because they are more d.fficult to thresh. This is particularly
 

true for the n=. high-yield varieties like Kenya I wheat.
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Pedal-operated or hand-operated drums threshers, common in Asian rice
growing countries, are 
rarely used in Eq',.torial Africa. A few models have
 
been brought in for trial by the governments of Ghana, Nigeria, Ethiopia, 
Kenya and Tanzania, but so far they have not been actively promoted by tile
 
agricrlturnl extension 
 services. In general, commercial farms are unwil
ling to sell, service, and distribute drum threshers unless 
 there is suffi
cient demand from farmers and strong support 
 from government advisory ser

vices.
 

With more rice being grown in western Africa, and increased interest
 
in eastern Africa, there is a place for a small hand-operated grain thresher
 
which can be adopted to engine-power later. 
A typical machine has a revol
ving drum fitted wlih teeth or bars driven by a connecting rod and crank 
at a speed of 300 to 400 rpm. 
 The grain heads are held against the
 
revolving drum until 
the grain is beaten out. 
 The machines are relatively
 
inexpensive, portable, and light (35 to 80 kg.) but according to Ilopfen,
 
they are "satisfactory 
only when the grain is easily detachable from tile
 
stalks, as with rice, but not 
wheat or barley." In another type of drum
 
threshers 
 "the whole wheat is passed through the machine but the man-power 

" 

needed to operate it is high. 112
 

h) Maize Shellers Most hand farmers shell maize by rubbing two
 
ears together or by rubbing one ear with a cob. 
 Very few hand farmers own any 
processing equipment except 
the mortar and pestle used to prepare flour from
 
whole grains.
 

A few small, single-ear crank-operated hand shellers for maize were
 
seen in Kenya, Ethiopia, Ghana, and Nigeria. 
 Most have been imported from
 
India, United States, and Poland. The simplest version is a small 
cast
 
iron model which is clamped on a box or board. A single oar fed into the 
throat is grabbed by a vertical rotating toothed disk and rolled over a
 
stationary shelling plate. The shelled corn drops out tile bottom and the 
cob discharges from tileside. 
 A larger, more elaborate model, once very
 
popular in the United States, has a feeder, vertical shelling disk, picker
wheel with teeth on the inside, a device for holding the ear against the 
shelling disk and possibly a winnowing fan and cleaning sieves. 
 One model
 
is available from England for about $40 at the factory.1 1 3
 

11 2

|lopfen, op. ct.,11 3 p. 123. 
TooU ot Puwo'tc 1967/68, (London: Intermediate Technology 

Development Group, R. Hunt and Company, Ltd.) 
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i) Groundnut Shellers Quite a few groundnut shellers were obser

ved in West Africa, but their use is not as wide spread as one might expect. 

The sheller has a semi-circular screen against which oscillating shelling 

bars crush the shells and allow the nuts to drop through the screen. 

(Figure 3.34.) Various screens are available and must be properly sized to 

prevent breaking the nuts. In northern Ghana, Yenli reported the shellers 

were not being used because the local groundnuts were extra large and 
114 

damaged by undersize screens. Although coarser mesh screens were said
 

to be available through John olt, Ltd., little emphasis was placed on using
 

the sheller or fitting the correct screen size.
 

In northern Nigeria, Haynes said the only hand-operated machine in common 

use is the groundnut decorticator. Worked by one or two men, the decorti

cator rapidly removes the shells at a rate over 50 times faster than hand
 

shelling. About half of the decorticators are made in Nigeria at about
 

$36.00.115
 

IM IIF 
• 


Figure 3.34 	 Mechanization centers have a variety of equipment including
 
hand- and animal-powered tools These rocking action ground
nut shellers 	were made in England and are satisfactory when 
correctly adjusted and the proper screen size is used. These
 
units have been stored under cover and are stUl in good 
condition after 5 or 6 years. (AFR-262)
 

2) Power Required for Hand Harvesting and Threshing 

Nearly all cutting, digging, husking, threshing, and winnowing 

ll
4
yenli, op. cit., April, 1968.
 

115

llaynes, "The Development of Agricultural Implements in Northern
 

Nigeria," p. 	23.
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operations are carried out by individuals. They may work in groups, but
 

each tool is used by one person. One-handed tools ar- the sickle, scythette,
 

machete, maize and qroundnut shellers and winncwing fans. Other tools
 

require both hands such as the scythe, digging hoes and hooks, threshing

flails, drun threshers, and winnowing baskets.
 

a) Hand Digging Haynes studied labor requirements for lifting
 

groundnuts for three different methods of planting. Planting in the flat 

not only gave the highest yields but required less labor to lift, clean, 

pick and shell. The labor required for lifting groundnuts with hand hoes 

in three experiments is silown in Table 111.12. While the output of hand 

labor employed is low, the labor requirement is very high. 116 

TABLE 111.12 LIFTING GROUNDNUTS WITH HAND HOES: NGATHERN NIGERIA 

Site Samaru Samaru Kano 

Method of planting Ridge Flat on bed Flat 

Reference NPG Trial 
a 

Table Ii 
a Table V

a 

Average yield 

kg. per hectare 1162 643 1285 

Lifting, man-days per hectare 139.0 117.8 77.1 

Cleaning, woman-days per hectare 73.1 88.2 29.6 

Picking, woman-days per hectare I 197.3 1 294.0 29.6 

Shelling, woman-days per hectareJ J 74.1 

Total days per hectare 409.4 500.0 210.4
 

Reviwv o6 ai uniExpe2 , in N wv.%th Nig 

pp. 16-17. 

alHaynes, A Btie f Mccdci uztt ient , l utia, 

b) Hand Threshing In threshing upland rice yielding 1683 kgs. per 

hectare, Haynes reported:
 

It required 98 woman-hours per acre [242 woman-hours per 

hectare] by the traditional methods. Si, e hinged-flails did 
not speed up the work, but. four men, using a tong (a threshing 
box containing a ladder against which the rice heads are beaten), 

took 80 man-hours per acre [197.5 man-hours per hectare]; the 
men, however, were loathe to undertake what they considered to 

1 17
 
be women's work.
 

1 1 6 
Haynes, A 8,tie6 Re vic , o6 M denliza-,tiv,i ExpVwm aLts .i No'thm i 

Nigm ia p. 16. , 

117 14d., p. 17. 
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c) Drum Threshers Nost pedal-operated and hand-operated drum 

threshers are very tiring to operate. Two operators can take turns running the
 

machine to allow for rest. With some threshers both men can work together. The
 

hand-operated drum thresher requires high manpower for operation and ltopfen 

says, "it seen.3 to have few If any advantages ovei indigenous appliances
 
1 1 8
 

described earii'r."'
 

d) ;roundnut DecorLicators Ilaynes tested various types of ground

nut decorLicators and says: 

The normal hand-operated types have a throughput of about 
300 to 350 lbs. [136 to 159 hgs.] per hour, but the time [per
 
hectare] for th- whole operation varies greatly depending on
 
the strength of the wind for winnowing the mixture of shells and
 
nuts. The power required is about 0.14 I p. , which is more than
 
the average man can develop continuously, and a shift of two men
 
working is normal.
 

Simple stripping-tables reduce the time required for picking
 
nuts by about one-third but are not popular with the women workers, 
who prefer to sit at their work.

119
 

3) Time and Labor Required for tHand Harvesting and Threshing 

a) Sickle hewinu Harvesting small grains with a sickle Is very 

slow work. in eastern Africa farmers often work in groups of two to eight 

when harvesting crops. Gabathuler reported that with Ethiopian slckles, 
2 1 2 0 "the amount of vork per hour Is about 80 to 100 m. ,, Sommerauer, in 

a time and Motion study in Afghanistan, recorded similar results in mowing 

wheat in two studies showing "the rate of work was 129 m.- per man-hour.
 

• . . This figure is, no doubt, rather near the upper limit of the working 

capacity anu would thcrefore be tuo high as a standard for continuous 

work. "121 It should )e noted that when using the sickle for cutting small 

grains or grass, the men usually work ii a squatting position in Africa
 

as well as in Asia.
 

For mowing grass with a sickle, lopfen indicates a work-rate of about
 
2
 

100 m. per man-hour. liesays, "green crops can be cut five times faster
 
2
 

with a scythe than with a sickle. About 500 m. can be mown in one hou,
 
12 2 
provided the land is flat and free from stones." Thus for mowing grabL
 

or forage crops, the sickle is slow with a comparative work-rate of only
 

about 20 norcent.
 

l118lopfen, op. cLt., p. 123. 
119 


Haynes, A 5 6ttjRcview oj iediantL:atioz Expetdiietts ini Nothemiz 
NigeAia, p. 17.
 

20

1 Gabathuter, op. dit., p. 5. 
121Sommerauer, op. dt., p. 5.
 
122


|lopfen, op. 
C t., p. 112. 
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b) Scythe Reaping Iiopfen states, "Grain can be reaped with a
 

cradle three times faster than with a sickle on flat fields with uniformly
 

standing crops. 
123
 

Gabathuler says, "The area that can bi mown with a scythe is about
 
1 2


500 m.' per hoar when cutting grass for hay production, and about 300 m.
 

per hour when cutting cereals . . . from three to six times as much as with
 
24
 

a sickle."1
 

Sommerauer reports, "if we calculate the mowing performance of a
 
2 

sickle as 100 m. per man-hour . . . the efficiency of scythes as compared
 

with that of sickles would be 5:1 for mowing green crops, 3:1 for mowing
 

grain with a cradle; and 2 to 2.5:1 fur mowing grain with the usual scythe,

1 2 5 

including gathering." 

c) Hand Picking In Nigeria, HIaynes reported labor required for
 

cotton harvesting by hand (two pickings) in the spraying trials at Makwa
 

averaged 79.3 and 80.3 man-days per hectare. The yield of seed cotton was
 
126
 

1468 kgs. per hectare, respectively.
1142 and 

In Ethiopia, a study was made of newly settled Afars picking cotton 

for the first time, January, 1968. For this survey five people were selec

ted, two men and two women in their late thirties and one man twenty years
 

of age. They picked a total of 926 kgs. of seed cotton in seven da, ., 

averaging 26.45 kgs. per person per day. On the average, each person picked
 

3.5 kg. per hour which may be high, since they were doing their job more 
12 7
 

carefully than normal. 


4) Skill and Management Required
 

The scythe is a more efficient tool for mowing than the sickle, but
 

it requires more skill and attention to use and keep sharp. Ground blades
 

are subject to breakage but mild steel blades must be hammered. Iopfen
 

points out, "scythe hammering is difficult and skilled work . . . It takes
 

about half-an-hour to sharpen a scythe blade properly." 128 Also, the land 

must be flat and free from stones to permit the scythe to be used efficiently. 

123 Ib~d
 
,
 

1 24

Gabathuler, op. c,t., p. 9.
 

125Sommerauer, op. cU., p. 12.
 

1 2 6
1Haynes, A 8ticf *evicw of Meohantazcatiot Uxpti-nint6 in No~tderl 

Nietia, p. 15.
 
127


Seyo~um Solomoi,, Research Assistant, Iistitute of Agricultural
 
Research, Addis Abab;., Ethiopia, Perscna! Communicition, February, 1968. 

128

1Iopfen, up. cit., 
p. 107.
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Both Gabathuler and Sommerauer, who introduced scythes into Ethiopia and
 

Afghanistan, reported that the farmers learned quickly and became quite
 
129 


expert in handling them. Most farmers can use it without prolonged
 

130
instruction. 


One problem with any equipment is keeping it pioperly adjusted. With
 

simple fixed-blade tools, the farmer simply adjusts himself to them and
 

develops skill and dexterity. Simple machines like groundnut decorticators
 

and pedal-or hand-operated threshers, however, require special skills to
 

keep them in adjustment. Haynes reported ,uch a difficulty with the correct
 

adjustment of groundnut decorticators.
 

Decorticators which are not properly set are difficult
 
to use and bredk many of the nuts. While no special skill is
 

needed to make the adjustments, it requires patienr.e and the
 

proper tools: one set of spanners, one silver gauge and one
 

packet of grease. The beater bars must be set so they are
 

just over one-half inch from the slotted-concave and at the
 

correct angle to it. This is checked simply with the silver
 

gauge. The gauge is pushed under each bar !.nturn and the
 
bars pressed down until they rest on the gauge.
 

Haynes emphasizes:
 

Ti3hten all the bar nuts TAKING CARE NOT TO MOVE THE
 

BARS . . . ChECK EACH BAR WITH THE GAUGE AGAINI If it is
 

found that the bars are not correct, they must be readjusted.
 

At first it may take an hour to adjust one decorticator.
 

All this time is wasted if evon one bar is too close to the
 

concave.131
 

5) Costs Involved
 

Based on the time and labor data given for the various hand tools
 

and implements and the previously suggested wage rates for Ethiopia and
 

Nigeria, the following costs can be determined for selected hand-powered
 

To avoid the complication
agricultural operations in these two countries. 


of assuming different wage rates, these data are also given in man-hours
 

per hectare.
 

Animal Harvesting Operations
 

1) Introduction
 

In areas of Equatorial Africa where animal power is used, most har

vesting in still done by hand. Animal-drawn implements are used basically
 

129

Gabathuler, op. cit., 
p. 9.
 

1 30
 
Sommerauer, op. CiU., 
p. 12. 

131D.W.M. Haynes, liteim Report on Teht on Ox-okmo ImptemenU a4 

Growidiut Li tcU (mimeographed) (Zaria, Nigeria: Second Meeting of 
Agricultural Engineers, November, 1964), pp. 24-27.
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TABLE III. 13 WORK RATES AND COSTS FOR SELECTED HAND HARVESTING OPERATIONS: 
ETHIOPIA AND NIGERIA 

Average Man-hours Cost per Cost 
Operation Tool work rate per ha. man-hr. per ha. 

dollars dollars 
Ethiopi 2 
Mo,;ng grass Sickle 80 m.2/man-hour 125 0.05 6.25
 
Reaping grain Sickle 100 m.2/man-hour 100 .05 5.00
 
Mowing forage Scythe 500 m. /man-hour 20 .05 1.00
 
Cutting grain Scythe with 300 m. /man-hour 33.3 .05 1.67
 

cradle 
Pounding grain Mortar & lkg./woman-hour= - 82.50/ 

pestle 1000 kg./125 days .08 1000 kg 

Nigeria
 
Picking cotton Hand 80 man-day/ha. 640 .11 70.40
 
Digging
 
groundnuts
 
on the ridge Hoe 139 man-day/ha. 1390 .11 155.90
 
in flat bed Hoe 118 man-day/ha. 1180 .11 129.80
 
on flat Hoe 77.1 man-day/ha. 771 .11 84.81
 

Shelling
 
groundnuts Hand 55.7 man-day/ha. 557 .11 61.27
 

Threshing rice Hand 182 man-hours/ha. 182 11 20.02
 
sticks
 

Threshing rice Tong 198 man-houts/ha. 198 .11 21.78
 
ladder
 

for only one operation in western Africa, lifting groundnuts. Otherwise,
 

the small farmer does all of his harvesting by hand, including digging
 

yams, cassava and potatoes with a hoe, hook or spade; cutting off the heads
 

or stalks of sorghum, millet, guinea corn, sugar cane and maize with a knife
 

or machete; husking maize by hand; picking cottcn, cocoa beans, peas,
 

palm-nuts and other bush and tree crops by hand; cutting small grains such as
 

rice and wheat with a sickle, and cutting specialized fibre-crops like
 

kena6 with a special machete.
 

Forage crops of alfalfa and clovers are seldom grown. Short grasses
 

are cut with a grass sickle, and tall rank-growth, such as elephant-grass,
 

is whacked down with a machete. Burning is still a common practice observed
 

extensively in October in northern Ghana and Nigeria, and in nouthwestern
 

and southern Ethi( :,ia,to get rid of unwanted vegetation after harvest or
 

before tillage.
 

In eastern Africa and particularly in Ethiopia, cattle, but not imple

ments, are used almost exclusively by animal-powered farmers to thresh small
 

grains. Animals are not used directly in other harvesting or threshing
 

operations, except to move bundles of grain from the fields to 
the threshing
 

floor, or to haul straw into town for sale. Nearly all products are hauled
 

on the backs of animals, except for a few sleds used in the fields and carts
 

for transport near towns and larger cities. The animal-powered farmer cuts
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his wheat, barley, flax, sesame, rice and te66 with a sickle; husks his
 

maize by hand; cuts the heads or stalks of sorghum, millet and maize with
 

a machete; picks cotton, coffee, tea, pyrethrum by hand; and slices off
 

the sugar stalk or sisal leaves with a special machete. In a few areas
 

a limited threshing service may be offered by settlements, cooperative
 

farms, agricultural research stations, private hire-services or large
 

farmers to a few nearby farmers. But for the most part, the small farmer
 

is strictly dependent on his own hands and the hooves of his animals.
 

a) Cutting and Harvesting Implements The animal-drawn mower,
 

used extensively for cutting green forage and hay crops for livestock in
 

temperate regions, is not found on African small farms. The mower with a
 

buncher, the reaper with a gathering platform and the binder with the
 

automatic bundle-tyer are equally scarce. Even the simple animal-drawn
 

maize cutting sled is not used in Equatorial Africa.
 

b) Threshing and Decorticating Machines The threshing sled
 

common to Asia and the Middle East is an unknown device in Equatorial Africa,
 

as well as the threshing roller pulled by animals in the Near East, Pakistan,
 

India, Spain and Portugal. When animals are not available to thresh grain
 

by trampling, the grain is beaten out with sticks or rubbed out by hand.
 

Thcc is a g9amt shoAte o6 athnZ -poweted eqZpmeLt avaitabc oit ha't

ve.ting ot '= l gi in Equatoniat Afrtica. 

Admittedly, costs in Africa to transform linear animal motion into
 

rotary-power for operating stationary threshers, processing equipment and
 

decorticators forestall popular use. 
This can beet be performed on a
 

community-wide basis today by one or more engine.powered units. The present
 

state of small internal combustion engines development is too far advanced
 

to justify costly investment in less efficient, animal-powered stationary
 

power units. But the bulk of the emerging animal-powered farmers' field 

harvesting operations await improved animal Lmplements.
 

c) Transportation and Hauling Eq ipment This is an important
 

part of harvesting operations long neglected for the African animal-powered 

farmer. Suitable carts at prices the small cultivator could afford, would 

probably become the most used piece of animal-powerad equipment on the
 

African farm, as they have in most other advanced animal-powered areas of
 

the world.
 

1) Tools and Practices
 

a) Digging Methods and Tools The groundnut lifter is the most 

It isimportant animal-powered harvesting machine in western Africa. 


obtainable as a special purpose tool or attachment for a multipleas an 
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purpose toolbar, toolframe or basic rlow. A number of tests have been con

ducted in Nigeria to evaluate manufactured lifters currently available,
 

and to develop new-type lifters for especially difficult soil conditions.
 

Haynes reported in 1964 that the most favored ox-drawn lifters (Ariana,
 

Samaru lifter and Kano Ring) reduced the hand labor requirement in half,
 

and the other satisfactory ones (Emcot, Samaru Multiple-Purpose, Sine and
 
1 32
 

Arara) reduced the labor by one-third.
 

The basic chassis toolframe of the Ariana groundnut lifter is mounted
 

on skids or wheels to which is attached the heavy-duty groundnut digger

blade. The shank is offset to the left so that the vines pass straight
 

back without obstruction. The unit straddles ridges readily and has good
 

penetration. Haynes said the Ariana showed great promise in western Africa
 

as a multi-purpose animal toolframe and the lifter was one of the best 

tested. The machine was easy to control and could be handled by one man. 
133 

(Figure 3.35.)
 

The Arara groundnut lifter is made by SISCOMA under license from Arara
 

Manufacturers in France. Originally assembled from imported parts from
 

France, it is now completely fabricated in the Senegalese factory. Basically
 

it is designed as a groundnut lifter convertable into a hoe, moldboard
 

plow or ridging plow. Weighing 23 to 24 kgs., it consists of a heavy
 

rectangular hollow beam to which are attached simple V-shaped handles and
 

a strong standard carrying a duck-foot blade. The blades come in three width
 

of 20, 35 and 50 cm. and are symmetrically mounted to travel downi the center
 

of the row.
 

The Sine 7 hoe with groundnut lifter is designed as a hoe; the frame
 

is much lighter but can be used with the same .'fter attachment supplied
 

on the Arara. (Figure 3.15.) A special adapter and chain are needed to
 

attach the heavy standard to the smaller Sine frame. The lifting blades
 

are Identical. It is made under license from Mouzon Nolle.
 

The APLOS Mark IV toolbar with lifter attachment is a horizontal knife
 

blade about 40 cm. long supported on each end to form a U. It is fastened
 

to the rear of the lift frame of the toolbar by clamps which permit vertical
 

or horizontal adjustment. (Figure 3.36.) The unit straddles the row and is
 

said to have good penetrating and lift characteristics. No test results
 

have ben published.
 

As now used by farmers, the Emcot plow as a groundnut lifter is the
 

basic ridging plow with the right and left moldboards and wings removed.
 

132
 
ibid., p. 56.
 

133

ibid., p. 57.
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Figure 3.35 

Figure 3.36 


Arlana (French) multi-purpose tool frame with Rroundnur 
lifter and wheels One of the least expensive improved tools 
designed for modern animal power, this versatile tool carriet
 
can perform a11 basic tillage and cultivation operations.


also be : with 
as shown here. This implement and its attachments are being
manufactured in both eastern and western Equatorial Africa. 

It can equipped a seeder or a groundnut lifter 

0V

Relatively few sales have been made 
so far, however, because
 
even the cost of this tool when produced in small numbers is 
prohibitive to subsistence level farmers; and the cost of its 
introduction is great to developing countries. 
 (AFR-299)
 

APLOS (British) multi-purpose toolbar with groundnut lifter
 
Patterned after the design developed by the NIAE, this
 
wheeled toolbar adds another dimension of mobility to the
 
usefulness of multi-purpose animal-drawn tools. 
 It can be
 
equipped with either a forward or rear positioned lifting
 
lever to permit the operator to either ride in front or
 
walk behind the soil and plant manipulatory parts. The 

•manufacturer offers other improved implements such as ridget, and a chassis for an ox cart. (AFR-515)
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The point and shin are used to rip open the ground to make it easier to 

finish digging out the nuts. More gleaning-time is required than for speci

ally designed lifters. While an inexpensive substitute for the small
 

Nigerian farmer already possessing this ridger, it is more difficult and
 
134
 

fatiguing to handle.
 

The Emcot plow groundnut lifter attachment is a special offset blade
 

which is bolted to the tip of the plow-beam in place of tie ridging body.
 

Two versions are currently available. One made by Ransome is an extra

long horizontal blade offset to the right. On the model seen, no provision
 

was made to overcome side-draft and the blade looked exceedingly long.
 

Sales, distribution and acceptance are not known.
 

A prototype model of a special adapter and blade assembly developed in
 

northern Nigeria is shown in Figure 3.37. This unit has been developed
 

by Shambaugh with the Industrial Development Center of Zaria, to be made 

by locol blacksmiths. A heavy 35 cm. blade is offset to the right aid 

bolted onto the beam. A cross-bar with built-up ends is bolted to the front 

of the plow-beam. To this is attached a pair of wheel standards on each 

end to carry the regular ridging-plow depth-control wheels. A brace from 

tile hitch center line of draft back to beam rear offsets side-draft. With 

over 60,000 Emcot ridgers in northern Ntgeria, this attachment offers a 

good opportuaity to expand the capability of farmers a;ready using animal
135
 

power.
 

The Samaru lifter is a special purpose low-profile lifter supported
 

on two rear wheels straddling the row developed by the Agricultural 

Engineering Section at the Institute for Agricultural Research, Ahmadu
 

Bello University, Zaria, Northern Nigeria. It proved to be one of the 

best lifters in tests but was expensive (ten times as high as the Kano
 

Ring) and the Institute was not able to interest anyone in manufacturing
 

it. Only a few were made and none are being sold today. It ca. be handled
 

by one man and the working rate was the best of all lifters at 0.3 hectares 

per hour. 13b 

The Samaru multi-purpose lifter is similar to the model above designed
 

to take a variety of attachments. It was built in limited quantities
 

for trials by Project Equipment Ltd., Salisbury,.Wiltshire, England. The
 

frame is offset to the right so nuts and vines spill over the back. It
 

134

1bid., p. 58.
 

1 3 
Sha.mbaugh, S!4,ia'w of the Deveopen'tt ini Pgog4.6'Lve echanZization 

thJ.iJ 7:pi,:,dMixed Fajse, it the Savanuah Zone o Nottheu Ntge4.a, 
p. 19, 

1 ep o: T , oil Ox-d~mton I'speeit as Gutozodnut 

2-254 



Figure 3.37 	Shambaugh groundnut lifter attachment for the Emeot Ridger
 
Since there are already so many (over 60,000 units) Emcot
 
ridgers in northern Nigeria, there is a big opportunity to
 
change the present system of lifting groundnuts with the
 
Emcot minus its winged moldboards. This attachment bolts
 
onto the plow beam in place of the ridging plow and converts
 
the Emcot into an effective groundnut lifter at relatively
 
low cost. The Industrial Development Center with which 
Shambaugh is affiliated has begun to hold special in-service 
training schools to teach village blacksmiths how to make,
 
repair, and service the attachment. (AFR-512)
 

is pulled with a short chain attached to a short tongue. 

The Kano ring-lifter, built in small quantities by the Kano Native 

Authority, Kano, northern Nigeria, was designed to overcome regional soil 

conditions. 	It did not perform as well in sow- other areas. Basically, it 

is a large hoop positioned so the bottom quadrant runs underground and scoops
 

out tile ridge. It was expensive to make, requiring special steel for tile 

ring. Time was needed to clear blockages and the soil was not disturbed as
 

much requir' , more hand shaking to separate the nuts from the dirt. The 

average measured draft was 102 to 125 kg. pull.
1 37 

The price was about
 

$14.00.
 

b) Threshing Methods and Implements In Ethiopia, nearly all
 

grain threshing is done by animal trampling, often on special open-air
 

threshing floors. Animals are also used in parts of Kenya and Tauzania
 

where animal farming is traditional; and in Ghana and Nigeria to a very 

limited extent. Leander describes the method; 

Threshing is normally carried out during the dry months
 
of December and January. The work can LU.divided into four
 
separate phases:
 

Phase 1: The present custom of threshing the grain is 

137 Ibid., p. 57. 
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and cows) over the harvested grain shocK- placed in a 

circle on the bare earth. [Figure 3.38.1 
Phase 2: With the help of a fork-like tool of wood, 

tilestraw is separated from the grain heads. 

Phase 3: The oxen are once again driven over vhe 
out the grain fromthreshing place, now in order to thresh 

the heads. 
The chaff is now separated from the grain
 

with a grain shovel made of wood.
 
Phase 4: 	 138
 

Huffnagel writes:
 

Wooden forks and shovels 50 to 60 cms. in length and
 

20 to 25 cms. in width with 60 to 70 cms. handles are ",sed 
to sort out the chaff
 

and straw from the grain. A further cleaning operation is
 
to toss the grain into the wind and 


1 3 9
 
performed with sieves and bowls.
 

Figure 3.38 	Threshing in Ethiopia In Chilalo Awraja threshing is done 

almost entirely by driving cattle over the loosened bundles 

of grain. After separation the grain and chaff is cleaned 

by winnowing the mixture by hand in the wind. The daily 
output of such a system is about 250 to 350 kgs. of uncleani
 
grain. This work, which continues for 1.5 to 2 months,
 
strains the oxen and many deaths are reported. (AFR-54)-


Wind cleaning also is accomplished by giving a light and continuous
 

high to let the grain dropmovement to a grain-filled Lasket held chest 
140 

and the chaff blow away.
 

138

Leander, op. c6t., 
p. 42.
 

139 

Huffnagel, op. cit., p. 161.
 

140
 
1bid., 
p. 146.
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Bengtsson reported that insect damage is related to broken seed, and
 

says:
 

Seed damage by insects is observed but to a less degree
 
than usually claimed. The threshing method influences the 
amount of broken seeds and the use of a threshing machine 
has last year given ten times as many broken seeds as the
1 4 1
 
traditional method (threshing by oxen).
 

An improvement over animal hoofs is the addition of a very simple rub

bar thresher using the ground as a stationary plate. Undoubtedly such
 

devices are used in Equatorial Africa but the Team saw none during Its
 

travels. Fot the toto JtIScone funn' in Ethiopia, the i, ce'zmtaLnC. Aoom fot 

tizd zbiipfe impoveient and Zt ccutd be made and pwmo ted Ithitho't much cost. 

Turkey, in fact, reported 2.33 million sleds in use in 1966.
14 2 

I1opfen
 

describes thib device as:
 

. . . an animal-drawn implement consisting of two wooden 
boards, slightly raised in front, which are fitted with short 
pegs, serrated knives or hard stones, inserted into holes on 
the underside of the boards. The operator stands on the imple
ment, to add weight, and this is dragged over the crop spread 
on the floor, the knives or pegs rubbing out the grain and 
bruising the straw.143 

A more efficient animal-powered thresher has been developed for use in
 

Portugal, Spain, Egypt and India. It is patterned after an old stone-roller
 

threshing cylinder, which probably originated in China. Wile threshing 

rollers and disks are used in southern Europe, northern Africa and the Near
 

East, they have not been introduced into the small-grain growing countries
 

of eastern Africa, surveyed by this Study. The machine consists of a "ibbed

roller or two or three rows of partially meshed disks mounted on a frame. It 

is pulled by animals over the grain spread on a threshing floor. |opfen 

says:
 

The disk thresher, known as the nOu10g in the Near East, 
has iron disks about 45 cms. in diameter and about 15 cms.
 

apart, with a seat and is drawn by a pair of animalr. The
 
crop is spread in layers 30 to 50 cm. deep and is turned over
 
with wooden forks while being threshed. The grain obtained 
is not clean and has to be .eparated not only from chaff but
 
also irom dust and dirt. .rain is also likely to be broken and
 
some not threshed or eaten by the draft animals. The whole 
process is rather slow, but it has the advantage that the straw 

144
 
is bruised.
 

141
 
Bengtsson, op. cit., p. 60.
 

142
 
Central Treaty Organization, op. CUL., 
 p. 36.
 

1 4 3
 
Hopfen, op. cgt., p. 120. 

14

4.Ibd., 
pp. 120-123.
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In India, a 	 special rolling-thresher, the "Olpad Thresher", conists of 

or three axles on which are mounted 8 to 20 toothed and a frame with two 

ribbed 45 cm. diameter disks with 15 cm. cast-iron spacers between. The 

disks made of 10 gauge steel sheet pulverize the straw and separate the 

pulled around the circle of straw ongrain. In operation, the machine is 

tilethreshing floor. (Figure 3.39.) Constantinesco says, "lt S ceonsIdeed 

(I icpa,athi glait N'l. the ea.i thail the ,ed t.asipg.Ui
,Lte tLiese )aste k 


145 the disks to preme-thod. " Well designed models have safety guards over 

operator, and to provide him with a comfortable seat andvent injury to the 

back-rest. An extra raking attachment can be fitted behind for stirring 

made by one manufacturer (Cossul) arc. 

14 and 20 disk sizes and weigh 92, 110, 125 and 190 kg., 
tie straw during threshing. 	 Threshers 

available in 8, 11, 


respectively. Capacity varies according to weight and number of disks. 

Illthe swa' ,aio0ea L' eaSte-uc A,{'ica, the . oeCng-disk thdi.she. coufd 

have a t.ead,? c s hi1.act ci!the (jaU:big :el.thcds toldattitude. o' t.laditeilat 

c) Cutting Methods and Implements Tue oscillating cutter-bar 

for cutting forage, hay and mower, used extensively in the temperate region 

green crops, is virtually unknown in Equatorial Africa. Experiment stations 

farms have a few, but the traditional farmer has little useand settlement 

for It. Since he grazes his 	animals and has very small fields, he is not
 

livestock. With his rudimentary knowledge of
accustomed to making hay for 


machinery and lack of experience in properly adjusting close-fitting parts,
 

he would have more than the usual trouble with this complicated piece of
 

"Where labor is abundant and
animal-powered machinery. ilopfen suggests, 


rather cheap, the introduction of the animal-drawn mower is unnecessary,
 

where the released labor cannot be employed to advantage
especially in areas 
.146
elsewhere. 


The morer used for harvesting cereals, the reaper for cutting and wind

rowing grain, and the binder for cutting and automatically bundling sheaves
 

are not found in the traditional animal-farming areas of Equatorial Africa.
 

These machines are all more complicated than a 
mower, and with the present 

limited demand, high costs of production ,deficient mechanical background 

145 1. Constantinesco, Rcpc.'t 	oi'a gsg.t to the Fat Eas.t .t' Study Indigenowt 

and lm,.wvedi FolaF lmptements nod iiackiICA. 4o SOKaUfPe sant Fa.ie t i the
 
Food and Agricultural Organization of the
Theptc3, (mimeographed) (Rome: 


United Nations, 1961), p. 10.
 
146


Iopfen, op. 	cit., p. 115. 
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Figure 3.39 Olpad (Indian) thresher for threshing grain with animal 
power Compared to trampling out the grain with hooves, this 
simple machine can greatly accelerate the task of threshing 
small grains where animals are the traditional source of 
power. The machine is pulled over the sheaves by an ox 
team and parallel sets of disks rub out the grain. The 
straw is turned by men with forks or it may be stirred by 
an attachment fixed to the rear of the device. The grain 
must be cleaned after it is separated. (Photo courtesy of 
N.C. Khanna, Cossul and Co. Pvt. Ltd., Kanpur, India)
 

and lack of supporting services they probably will not be used to any great 

extent in Equatorial Africa.
 

The Mouzon Freres Company of France manufactures a reaping machine 

for developing countries consisting ot a two-wheel cart equipped with a 1.5 

meter sickle-bar cutter. The cutter bar, mounted just in front of the right 

wheel, is ground driven. 

2) Output, Power, Time and Labor Required
 

a) Groundnut-Lifters The power, lifter-capacity and man-hours 

required to dig and glean groundnuts with different ox-drawn lifters is 

given in Table III. 14. This series of trials was carried out in cooperation 

with the Kano Agricultural Research Station during October, 1964, to determine 

the extent to which damage occurring during lifting influenced the development 

of aflatoxin in groundnuts. Three implements of different characteristics
 

were compared with two methods of hand lifting during the main trial. Tile 

opportunity was taken to test four other implements at tile same time. The 

report dealt only with mechanical performance of ox-machines. 

2-259 



TABLE lll. 14 	 EFFECTIVENESS OF GROUNDNUT LIFTERS: 
KANO, NORTHERN NIGERIA 19 6 4 a 

Nuts
 
Total Damage left as
 

Make Power 	 Lifter Capacity labor . to nuts gleaning 

digging required by wt. by wt. 

hrs./ha. ha./br. man-hours percent percent 

Samaru Lifter Ox-d-awn 3.36 .30 41.0 .74 9.13
 

Ariana Multi- Ox-drawn 3.56 .28 
 45.2 .71 10.74
 

IPrpose 
Sine Lifter Ox-drawn 4.59 .22 47.5 .66 14.12
 

Emcot Ridger Ox-drawn 6.02 .17 26.7 n.a. 
 n.a.
 

Kano NA Ring Ox-drawn 3.85 .26 52.5 1.01 9.56
 

Lifter
 
Arara Lifter Ox-drawn 5.14 .19 55.6 1.33 14.51
 

Samaru Multi
purpose (Pro- Ox-drawn 4.27 .2? 62.1 .77 8.58
 

ject Equip
ment Ltd.) 

Hand Lifting Man - .024 86.5 to 1.75 8.23 

1 _ 1 _ _ 1_ 1 _ _ 1 93.8 1 1
 
alaynes, litt. i.ii R . r.t on Tests of Ox-duuen Ilmpfmeint-t as G'c'undiut Lite.xS,
 

p. 59.
 
bLabor for band wind-rowing.
 

On working rates Baynes concluded:
 

The implements 	fell into two distinct classes, those
 

stra'dling the row, which averaged [0.28 ha./hour] and
 

those running down the centre of the row, rieraging [0.19
 

ha./hou-] intermediate, with a working rate of [0.234 ha./
 
hour] pei hour. A direct comparison was possible since
 

the Ariana (btraddling the row) -.,d 3Ine (centre of row) 
used the same ioil-working parts. in a iven time, the 

1 7
 
Ariana lifted 29.2 percent more acreage. 4


In another test, a comparison w-s made between the standard Emcot 

ridging plow modified for lifting and a special purpose lifter. Table II1. 15
 

shows the comparison; man-days are about double for the Emcot, while the 

gleaning times 	are over foor times as high.
 

15 CF T1O IMPLEMENTS LIFTING 
GROUNDNUTS: NORTHELN NIGERIA_ 

TABLE II1. 	 COMPARISON OX-DR.'WNM FOR 

Emcot Plowb Samaru Lifter
 

Days per Hours per Days per Hours per 

Operation Laborer hectare hectare hectare hectare 

Lifting Cattle & 4.2 33.6 2.1 16.4 
Plowman 

Man 8.' 67.2 4.0 31.6 
1 Gleaning Woman 133.0 1064.0 28.9 231.0 

alHaynes, A bticf RevteQ of , echntOIzm.titjL Expmbywlietz in No,.the.11 Nigetia, p. 16 

bStandard ridger with moldboards removed.
 

147Ibid., 
p. 61.
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b) Threshers In south central Ethiopia, an average farmer can 

thresh 200 to 250 kgs. of grain per eight-hour day using 4 to 8 oxen and at 

least 2 men. One man drives the oxen around in a circle and the other loosens 

and turns over the trampled straw after the oxen pass over the spot several 

timt . The men generally take turns with their jobs. 

The threshing is done in small hatches yielding 100 to 150 kgs. de

pending on the quality of grain. With the old native varieties of wheat and 

barley, one batch can be trampled in 2 1/2 to 3 hours, but farmers complain 

the new high-yielding varieties like Kenya I, take about 4 hours, or from
 

40 to 60 percent longer. For this rcson, farmers like Kenya Supreme which 
148
 

threshes a little easier.
 

Gabathuler reported: 

MosL of the threshing is done by oxen trampling the out
spread sheaves until the grain drops out . . . Tle output of
 
a three-man team with four oxen is approximately 200 to 350
 

4 9
 
kgs. per cay.1
 

An FMC Internitional Study team in 1967 reported: 

Grain narvesting and threshing require at least two
 
munths and transport to market takes another month. Because
 
of lack of storage . . . prices fall just as harvebting
 
begins.

150
 

A simple threshing sled probably would increase threshing efficiency 

from 150 to 200 percent or give a rate of 300 to 500 kgs./day with 4 oxen
 

and 3 men. Normally, one pair of oxtn is used at a time but, since this is
 

strenuous work for them during tile dry season, they are alternately worked 

and rested.
 

One manufacturer of the Olpad thresher reports a daily output of 350 kgs.
 

for an eight-disk thresher to 850 kgs. for a 20-disk model. These rates 

depend on the quality of grain, te amount of stra., the variety and ease 

of separation, as well as on tile energy of the operators and livestock. At 

this late tile Olpad is about 50 ?ercent faster for the smallest size, lp 

to 3 to 4 times faster for the largest size. 

3) Skill and Management Required
 

a) Groundnut-Liftlng The Kano Agricultural Research Station made
 

148L. Ohlsson, Extension and Adult Education Advisor, Chilalo Agricul
tural Development Unit, Addis Ababa, Ethiopia, Personal Communication,
 
March, 1968.
 

149

Gabathuler, op. cit., p. 6. 

150FMC Report to USAID, AgAlcW!.tu.ma VevC.opmentt: Poteit tf Ao 
InuveAtneitt in h{occo, Kcitya ad Ethlopia (San Jose: FlNCInternational, 
September, 1967), p. C-14.
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151
 

these suggestions:
 

important to lift
 
To help in controlling fungal infection, 

it is 


little damage as possible.
 
1. 


time with as
groundnuts at the correct 


or any other implement 	 is used, tile plowman must 
2. 	Where the Emcot 

to the side to avoid crushing of the nuts by
debris from blockagesthrow 

cattlh on subsequent rounds.
 

tle row are markedly more efficient
which straddle 

of the row. 
3. Implements 

(ab'uut 30 percent) than those working down tle center 

more damage
cause significantly
is unlikely that machines
4. It 


are used properly.when the machines 

that tle vines and nuts be 
than hand digging 

proper drying, it is recommended5. For 
time
 

top of the ground, requiring about 10 to 15 percent more 

inverted oa 


on ground.vines flat the 
than normal for shaking and laying the 


to keep
and energy are needed 
b) Threshing with Animals Skill 

open-air threshing floor. Usually tle best trained ox is 
cows moving on an 


and the other animals circle
 
as the pivot in the center of the ring,

used 

to be lashed together.
animals are reportedhim. In some areas,around 


new varieties contributing to high

be taken not to underthreshCare must 


crack or damage the kernels. Farmers 
 should
 
losses or to 
overthresh it to 

of each major variety, how much straw 
know the t0reshing characteristics 


before threshing and
 
with the grain, how dry it should be 

should be cut 


takes to thresh it out. Precautions must be taken to select
 
how long it 

so that dirt, stones and debris do not con
and prepare the threshing floor 

and make it difficult to clean. Oxen 
or increase los,:esLarlinate the grain 

in the best condition and 
that scav Ige for feed 	 duri,:6 the dry season are not 

A number of cattle 
to avoid overworking them. 

The threshing 
caution must oe exercised 

long threshing season.
due to strain during the 

new harder
deaths occur 

months and with increased yields from 
may last 2 to 3 

hazards and
season 

grain will be expo-3ed more to weather 
to-thresh varieties, the 


are

,ks unless more efficient threshing methods 

to insect and rodent att 

adopted. 

5) Costs Involved 

have been
Few detailed cost analysis studies 

a) Groundnut Lifting 
Since animal-p wer 

made oil animal-powered crop-production operations. is 

to as 
with a large amount of 	hand-power (generally referred 

always combined 

Repw t oil To~ts vA Ox-dtwn Impi'emelt's as G Ooud6t15111aynes, ltelbii 

Li.te,%., p. 62.
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mixed-farming) , tiletotal cost is largely dependent on the costs of hand
labor. For purposes of comparison in lable ill. 16, a standard 
 labor charge 
of S0.11 per hour for hand-labor, aod a charge of S0.45 or hour for two 
oxen and a driver, is hased ol current rat,-s in northern Nigeria. 

TABLE I1 . I. COSTS ('F IIFTING AND ILARiVi2TI. NI'ING N,'l'l ANIMA.;R SINNWIS 
,M1,1A)IAN) )ION.R: NORTHiI'RN NICERIA l9680 

1Hand Iabori Cost of Cost of 
Ama wnd- animal thand- Total Cost 

(Ii Inglnr rowin', p,'e r Nabor harvest 1t 
ir:.I/ha, lirs. ia. do Ilars dollars do lars/ha.

Samaru Ring 2 oxen 3.30 141.0 1.51 4.52 6.03
Arlana .a,td- 2 oxen 3.55 45.2 1.61 4.97 6.57 
board Plow
 

Kano NA Ring 2 oxen 3.85 52.4 
 1.73 5.76 7.48
 
Sa ard lol - 2 oxen 
 4.27 62.3 1.93 6.82 8.75 
board Plow
 

Sine 2 oxen 4.59 47.4 2.08 5.22 7.2)
Emcot Rldger 2 oxen 6.03 51.4 
 2.72 5.66 8.38
 
land 1Hoe I man  87 to 94' - 1.52 9.52 

to 10.33 to 10.33
a'and-labor chiarge is $0. 11 per hour based on I'red labor charge.
Animal-power charge is $3.60 per 8-hour day, based ol custom charges for
 
lifting.
 

bData for hours ext racted from lHaynes, i te.b, Ro"
c'. t cs:T,-st.s e. 0\-d ,z
 
I,?p)'OPICIltt s LiS teo,
t (;c'ugdttu- U p. 56. 

CDigging is included in the labor !or wind-rowing. 

In another study, .oczarski computed the hours re'quired by man, woman 
and cattle In producing groundnuts in a system with cattle used for ridging,
 
earthing-up and lifting. The animal-harvestnog opteration took only three
 
to five days per hectare, and accounted for $5.25 ut of a total 
cost of
 

$274.74, or roughly 2 percert.
 

In general, the use of animal-drawn Implementis reduces thei labor 

requirements of lifting grotndonts by one-third to one-half. 

b) Threshing with Oxen The traditional method of threshing small 
grains by trampling is used throughout Ethiopia and in other areas oftertaLin 

Equatorial Africa wherever animals are traditionally worked. The information 
in Table 1i. 17 on trampling is based on ob;ervations In the Asella area 
of south central Etliopia and on comments from farmers. Th'edata on the 
improved methods Is based on manufacturers' quotations on disk-thresher 
capacities and estimates of lmnroved output with sled-devices. As the costs 
of labor and ox-power go up, there is greater advantage in more modern 
method.3. Likewise, t i wa, Igh-ic'c1,9 t,,icties a,e hitoduccd, as 
it.iC aj.icutttoaC ((patl ct~e cinppt'tsd to -4+ttcit, V p, dfltiv,,, and t csop
pb.io,c.ca. aie .2xpaided, .theg.%ctek .s .the cmpl.itat:ivc advauttagje v ,scch

atdcat pote. and mac!hb'e-ars, e.tcd fiethc'ds. 
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WHEAT WITH OXEN BY VARIOUS METHODS: ETHIOPIATABLE II. 17 ESTIMATED COSTS OF THRESHING 
.charge ighlands, 1968).
in the Central 


Ox Machine Total

(Based on current avers 

Cost
No. No. 
Labor labor Ownership threshing Quantity per

Threshing of of 
cost per batch ouintal 

method 2j oxen Time Labor Ox labor costs costs costs 
dollars kilograms dollars

dollars 

Traditional way: hours man-hourE ox hours dollars dollars 

1. Trampling b c 200 0.6818 0.45 0.90 n.a. 1.35
nati v varieties 3 6 3 9 


(5 to 8
 
2. Trampling
 1.80 250 0.72
12 24 0.60 1.20 n.a.
improved varietiesf 3 6 4 

rossible

ii,_roved ways: 

3. Threshing sled 300 0.37
0.38 homemade 1.38
naLive varieties 3 4 2h 7h 10 1 . 0 0 d 

4. Threshing
 
sled-improved
 350 0.41
f 12 0.45 1.20 homemade 1.65 

varieties 3 4 3 9 


5. Olpad

thresher-native 4e 400 0.28 

2 4 8 0.20 0.80 .12 1.12
varieties 2 


Olpad threshe_
6. 

2 h 5 10 0.25 1.00 1 .15 1.40 .450 0.31 

imoroved variete yj 2 4 

NHan labor charge based on rate $.40/8-hour day ($0.05 per hour). 
bAccording to CADU's studies, the average farmer owns three oxen and the balance of the animals are cows, horses or bulls 

a farmer uses three oxen and five cows, the charges for the cows would be approximately
which follow the oxen. Thus,. if 
half that of the oxen.
 percent of normal working charge for plowing at $1.20

based on estimated wear-and-tear cost of 50cox-labor for trampling 
to $1.60 per 8-hour day for a pair of oxen and driver (0.075 to 0.10 per ox-hour). 

Cost charged at 50 percent, gives a 

cost of $0.04 to 0.05/ha., the higher figure is used. 

%x-labor for pulling a sled or disk-thresher is based on regular charge of $1.20 
to 1.60/day or 0.07k to 0.10/hr., the
 

higher figure is used.
 
and if farmer cannot borrow a fourth, he will have to let them rost more, prolonging the time to

eRegular oxen are used, 
.thresh out his grain.
 
fImproved varieties like Kenya I and Kenya Supreme adhere more tightly and are harder to thresh out. 

gBased on a 20-disk thresher costing $120.00, used 240/hrs./year with 10-years' 
life. Depreciation equals 0.05/hr. plus
 

20 percent for repair and maintenance of 0.01/hr. for a total of 0.06/hr. for 
mechine ownership costs.
 



Processing, Pumping, Handling and Transportation 

. Technical Factors and Constraints
 

Hand Operations
 

1) Tools and Practices
 

a) Winnowing Deviceq After threshing by beating with sticks,
 

trampling with animals, or running through simple machines, the grain is very
 

dirty and contaminated with large amounts of straw, chaff, weed and plant
 

seeds and inert material. Hand-cleaning by shaking sieves, tossing the
 

mixture into the air, or pouring it above the ground in the wind is a
 

time-consuming and difficult task.
 

In Equatorial Africa, the most common method used by hand farmers is 

wind separation. Wooden forks are used to throw the straw into the air to
 

separate it from the grain, chaff and small pieces of foreign material.
 

(Figure 3.40.) Next, wooden shovels are employed to toss the grain and
 

chaff mixture into the wind to separate the grain from the lighter fractions.
 

To further clean the grain of any remaining weed seeds winnowing baskets and
 

sieves are frequently used. Effective winnowing depends on sufficient wind
 

to separate the materials. Winnwin could be g/Leatty 6peeded up by making 

atiZic.at vnd& by ha.nd with oaultating o iotatng Jamn.This process 

is sometimes used in Asia, but it was not observed in Equatorial Africa.
 

Ha says, "when natural wind is not strong enough, farmers use a (rectan

gular] fan to blow air for cleaning." The fan is made with a bamboo frame
 

and covered with cardboard over four-fifths of its surface. A strip along 
152
 

one side is left open for gzipping 
with the hands.
 

Baskets are used for cleaning small quantities of grain. A flat shell

shaped basket is shaken with a circular or forward and upward motion. The
 

chaff and dirt work to the upper end of the basket and are discarded while
 

the heavier grains are collecting on the lower side. The method produces
 

very clean sample and requires only simple equipment but, as Hopfen points
a 
15 3 

out, "it is however extremely slow." 


In use,
Open-weave baskets are sometimes used as winnowing sieves. 


the baskets are suspended from a tripod and shaken or stirred to move the
 

grain downward through the mesh. Light chaff and foreign matter drop through
 

to be blown away while heavy chaff and straw stay on top. The simplest
 

152F. C.Ha, PfteUinaq Study oj Fatm Impement6 Ued in Vietnam, 

Chinese-American JCRR Plant Industry Series No. 24 (Taipei, Taiwan, China:
 

April, 1963), pp. 171 and 41.
 
153


Hopfen, op. cit., p. 126.
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Figure 3.40 	 Winnowing grain in Ethiopia A farmer in Chilalo Awraja is
 
winnowing the grain from the straw by tossing it into the
 

air with a wooden fork. This wheat had been threshed
 
earlier that morning by trampling with animals for 3 to 4
 

hours. The farmer stated it would take him about a day to
 
separate the coarse straw from the grain and chaff using
 
this method seen commonly in the highlands of Ethiopia.
 

For this work he will obtain 100 or 150 kg. of grain which
 
still must be cleaned by women to remove the chaff from
 
the grain. (AFR-150)
 

winnowing fan supplies an artificial wind to permit cleaning grain when there
 

is not natural breeze. It is a 2, 3, 4 or 6-bladed wooden or metal fan
 

mounted in a wooden housing, turned by hand crank, belt or chain. Bearings
 

may be used from old cars, bicycles, or small trucks. While this method
 

is rather tiresome and does not grade the grain, it is far superior to
 

hand winnowing in the wind and could greatly expedite the cleaning of grain 

after threshing. Grading for size can be done later with hand sieves. While 

rarely used in Equatorial Africa, this method ha6 geat potent Z f.6a

mea who wok tcge, . The fans can be built by trained local artisans or 

blacksmiths at low cost. 

A more refined version of the winnowing fan has a high-capacity fan
 

mounted in a wooden or sheet-metal housing. The air is drawn in along both
 

sides of the fan shaft and forced out a horizontal duct to blast the grain
 

dropping from the hopper into the air stream. By using the appropriate
 

screens, sieves and baffles, the chaff, straw and weed seeds can be separ

ated from the grain. This machine would be very suitable for a small com

munity or cooperative.
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A fanning mill is similar to the refined winnowing fan except it is 
equipped with a series of interchangeable vibrating screens and sieves
 

to clean and grade a variety of grains into different sizes and weights.
 
The air blast and screens remove immature seeds, weed-seeds, dirt, chaff
 

and dust to produce very clean seed. A modern mill equipped with boll
bearings, operates at 200 to 300 rpm., and weighs between 70 and 200 kgs.
 

Research stations, universities and large commercial farms use fanning mills.
 

b) Processing and Grinding Throughout Equatorial Africa, grain
 
is pounded to pulverize it into flour by women who often work in teams.
 

The mortar is usually hewn out of a section of tree trunk and the
 
pestle made from a heavy slender pole 200 to 250 cm. long. The mortar
 

bowl varies from 20 to 30 cm. deep and 15 to 25 cm. in diameter. The crushed
 

grain is shaken in a flat basket to bring the coarse grains on top and to
 
one side, whence they are removed for further pounding. Two to four women
 
customarily work together rhythmically to pound the grain in one mortar.
 
This community activity is frequently seen in West Africa. (Figure 3.41.)
 

A small hand grinder made in Kenya and illustrated in Figure 3.42, was
 
designed to replace the traditional mortar and pestle. It is much faster
 
than hand pounding and the manufacturer states the mill can grind any small
 
grain into grist of desired finenees by using interchangeable screens.
 

Figure 3.41 	Women cooperatively pounding sorghm and millet in a village
in the Casamance region in southern Senegal Such operations
could be easily mechanized if desirable. Even though simple
treadle mortars are available, they may not be acceptable

in communities where such work is an important part of the
 
social and cultural life. (AFR-325)
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Figure 3.42 	Improved hand-powered mechanical grinder made in Kenya
 
Compared to the traditional mortar and pestle used for
 
grinding maize and small grains, this small machine is
 
more efficient. Hours of toil can be eliminated to permit

the woman to devote more time to raising families, market
ing and cooking. It is important that service and repair
 
be available 	at village level if even such simple machines
 
are to be successfully used. 
Often it is more difficult
 
to get a part for this type of machine than it is for a
 
tractor. (AFR-410)
 

c) Pumping 	 The flap-valve pump, desigded for low-lift irrigation, 

consists of a cylinder sealed at the top equipped with a spout and flap valve.
 

The whole pump is raised and lowered into the water source by a handle fitted
 

to the top of the cylinder and pivoted on a suitable fulcrum. NIAE trials
 
154
 showed a continuous strem could be produced by a team of two men.
 

154
National Institute of Agricultural Engineering, A Simpte Ftap-Vabe

Pap, Note No. 1 (Silsoe, England: NIAE Overseas Liaison Unit, n.d.).
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The pump is self-priming and works best with short strokes of 15 to 20 cm. 

at the rate of about 80 per minute. Maximum lift is about four meters. The
 

pump is designed for local manufacturers and might have a place in developing
 

countries with small irrigation potential.
 

The hand chain pump, weighing 12 kg. and mounted on a portable platform,
 

can lift water from 3 to 4 meters from a tank, canal, ditch or pond. The
 

chain is enclosed in a pipe and the main chain-wheel rotates on heavy-duty
 

bearings. Water-lifting rubber washers are easily replaceable. At least
 

one Indian manufacturer is producing this model pump but it could be made
 

by small workshops in Africa for supplemental irrigation.
 

d) Transportation Containers such as baskets, jugs, sacks and
 

bundles are used by most people in eastern Africa to carry heavy loads on
 

their backs. Light loads are carried under the arm and sometimes on the
 

head. Limited use is made of shoulder poles for carrying articles in
 

Chinese fashion. Dirt or very heavy materials sometimes are carried by two
 

men on stretcher-like pole carriers. Liquids are carried in large earthen
 

pots or skin bags.
 

In western Africa nearly everything is carried on the head, from a
 

single Coke bottle to a 40 kg. load of dirt. For short hauls, produce
 

often is carried in baskets or bags. Steel drums of water (200 liters)
 

are rolled down level hard-surfaced roads by one or more men.
 

2) Output, Power, Capacity and Labor Required
 

a) Hand Pounding Grinding grain with the mortar and pestle is
 

very slow. Only a kilogram of grain can be processed in the average

sized mortar; and about one hour's steady pounding is needed to crush grain
 

fine enough for flour to make gruel or porridge.
 

b) Winnowing or Fanning Mill A modern hand-driven winnower
 

running in ball-bearings at approximately 200 rpm., can clean 200 to 1,200
 

kg. of grain per hour. Operated by one or two men, it produces a very clean
 

sample suitable for seed. In contrast, Lhe average rate for hand winnowing
 

by shaking a shell-shaped basket is about 45 kg. per hour.
 

c) Transportation and Handling In all parts of Equstorial Africa
 

the human head or back is a load carrier. Hopfen states that "a man can
 

carry a load up to his own weight over distances of about 50 meters or lift
 

it 10 to 15 meters. For long distances, the load should not exceed one-half
 
15 5 '
 

of the man's weight . . . and women's loads should not exceed 15 kg."

15 5Hopfen, op. cit., p. 134.
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Rural Ethiopians work much harder, often traveling 5 to 10 Im. to
 
market to sell produce, wood or other items. 
Women in the highlands
 
routinely carry back loads of wood that exceed 35 
to 50 kg. Only the more
 
fortunate have donkeys or horses to assist them. 
Water frequently must
 
be carried long distances; large earthen pots filled in streams or ditches
 

hold from 15 to 20 liters.
 

d) Pest Control and Storage Bengtsson reports that in central
 

Ethiopia:
 

All crops that are grown in this area are more or less
 
affected by pests. 
In stored grain there are expressed com
plaints about neke.e which is the grain weevil 
. . . According

to farmers, the pest causes 'very much' loss but the cotal

loss will not exceed 10-15 percent . . . Presently, there is
 
no real means of control although farmers are trying to avoid
 
too many losses. This is achieved by selling the grain as
 
soon as possible which means a low price for the crops be
cause the traders take advantage of the difficulties of the
 
farmers.
 

Siophituz oiyzae is a common pest of stored grain 
. . .
 
the larvae is confined to cereal grains. Attack begins
before harvest, adults flying to the fields from infested
 
stores. The eggs are laid singly in a cavity in the grain.
 
. . . The infestation continues in 
store with a new genera
tion about once a month. Records from the literature show
 
that 8 percent of the grain is already damaged at harvest,

and after six months' storage the damage is reported to be
 
30 to 50 percent. 156
 

Animal Operations
 

Even a small animal-powered farmer spends much time in shelling,
 
grinding or pounding grains, pulses, nuts and root crops, plus handling
 
and transporting them from the field to the farmyard and market. 
He and
 
his family may also spend many hours hauling or lifting water. Where
 
community facilities are available for grinding, the farmer may use them,
 
but the women seem to prefer a mortar and pestle. While processing is
 
primarily done by hand or engine power there are a few examples of animals
 
being used for special processing jobs such as crushing sugar cane, extrac
ting oil from sesame seeds or pumping water. However these are rare
 
exceptions in Equatorial Africa. (Figure 3.43.)
 

Potentially one of the most important jobs for animals, but one that
 
has not been successfully promoted in most of sub-Saharan Africa, is hauling
 
by carts and wagons. Lack of good roads and the isolation of rural areas
 
from permanent and attractive markets, together with iack of an extensive and
 

156
Bengtsson, op. ci., p. 51.
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Figure 3.43 	Camel-powered sesame seed oil extractor in northern Ethiopia
 

Very few pieces of animal-powered processing or stationary
 

equipment were seen in Equatorial Africa. Imported capstans
 

and gear drives are too expensive and parts are generally not
 

available in Africa. The exceptional craftman therefore,
 

devises inRenious systems using local materials like this power

turned pestle with an offset weighted arm and built-in
 

lubrication. (AFR-446)
 

well-trained craft and blacksmith service group are constraints. Furthermore,
 

cities and urban populations are along the humid sea coasts, where the
 

tsetse fly prevents the use of animal power for farming. Without high-incen

tive cash crops and the need to haul larger quantities for market, the
 

farmer has little capital or desire to change his habits.
 

During the past quarter century, the rapid take-over by trucks and
 

buses of major transportation tasks in the developing countries has prevented
 

development of a strong artisan group as in Europe and the Middle East.
 

Local craftsmen do not know how to construct or repair farm carts and wheels.
 

The few animal-transport devices in use come largely from discarded or
 

wrecked automobiles and trucks. Modern automobiles in sizeable numbers 
are
 

new to these countries, and there are barely enough used wheel and axle
 

assemblies to meet the need for low cost hand carts and trailers in the
 

industrialized areas. Consequently, junk prices 
are very high and few
 

parts reach rural farming areas.
 

Some local agricultural manufacturing has been established in Senegal,
 

A few carts have been imported from Europe but,
Nigeria, and in East Africa. 


compared to the small cultivators' low incomes, they are very expensive.
 

Where carts have been introduced, the government has had to provide long

term liberal crddit. Some carts have been introduced into eastern Africa
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but the bulk of the Ethiopian produce still is transported on the backs of 

people and animals.
 

The EAAFlO Specialists Committee on Agricultural Machinery reported 

that "much work has been done in East Africa (on cartel but so far no one
 

seems to have produced one which is completely satisfactory. Ox carts
 

should be locally made . . . wood should be used in their manufacture." 
157
 

Haynes, in a report on ox-drawn implements, in western Africa, wrote: 

Several attempts have been made to popularize ox carts
 
but the efforts of several N. A.'s (Native Authorities] during
 
the early 1950's were a failure bLcat e the imported wheels and
 
axles could not be repaired when, after 2 - 3 years use, the
 
hubs and axles were worn out. The most successful, and cheapest
 
carts have been built by village blacksmiths from old car axles
 
and pick-up bodies but numbers have been limited by the number
 
of wrecked cars available and by the high prices obtained for


1 8
 
axles for hand carts in towns.
 

1) Tools and Practices
 

a) Transportation For centuries, animal-laden caravans have
 

moved across northern Africa to the coasts of the Red Sea. 
 Originating in
 

Ivory Coast, northern Ghana, Nigeria and elsewhere, the caravans croqsed
 

vast areas of desert and hazardous terrain to reach Egypt and northern
 

Ethiopia. Figure 1.44 shows a typical camel caravan heading west from
 

northwest Ethiopia. Camels can carry a total of two quintals of grain,
 

one bag of 100 kg. on each side.
 

Donkeys are the most used beast of burden and 
can be seen carrying
 

anything treasured by man. Water obtained from rivers, streams, lakes and
 

pools is often hauled long distances; Figure 3.45 shous a donkey with a
 

canvas water-bag holding 80 kg. Other common loads are straw, bags of
 

grain, firewood, branches and household items. (Figure 3.46.) Horses also
 

are used in the highland areas for packing, but more often are ridden.
 

Mules, considered animals of high prestige by many Ethiopians, are
 

reserved for riding. They are used rscely to carry loads and are seldom
 

worked in the field. In Senegal, Gambia and Ivory Coast, donkeys and horses
 

are used occasionally for pack transport, but carts 
are being adopted which
 

will make the use of donkeys and horses more efficient. In the lower
 

elevations of Ghana and Nigeria, most loads 
are carried on the heads of 

people. 

Transport by sled-like devices is common in temperate countries over
 

smoo.h ground. 
Crude sleds are also used in high altitude agricultural areas.
 

157M 0nu o6 SpeciatiAU on A9gticutaLo6 the Meeti Comnittee 
Mad.itmAy, Held a Tengwuu, A,,uaha, Tanzd4, p. 17. 

15 8

Haynes, Ox-cmvn Impt.menU,, Section I1, Appendix, p. 1.
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Figure 3.44 	A camel caravan moving south across the Setit-Humera plaina 
in northwest Ethiopia in late March with loads of inexensive 

grain sorahum 1968 prices dropped 50 percent from 1967. 
good year of $20 to $22/quintal at Asmara. Prices have 
apparently been affected by four factors (1) a bumper crop 
in Sudan, (2) closing of the Suez Canal and loss of inex
pensive transport to southern Europe, (3) lack of adequate 
grain storage in northern Ethiopia. and (4)some price mLani
pulation on the part of grain buyers and money lenders. 
(AVU-1 'A) 

Figure 3.45 	 Donkey haulina river water in canvas bag in northwest Ethiopia 
Water for human drinking and cooking and livestock watering 
is one of the limiting factors preventing or slowing down 
agricultural development in many areas of Equatorial Africa. 
Outside the desert area there is generally enough water but 
it is not available the year round. The distinct wet and 
dry seasons without adequate year-round storage or developed 
underground water sources limit agricultural production to 
one crop a year. Water shortages also prevent keeping domes
tic livestock and the expansion of an income-producing live
stock industry. (AYi-551) 
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Figure 3.46 	 Donkeys transporting straw for building blocks in central
 
Ethiopia One of the most versatile beasts of burden, the
 
sure-footed donkey is excellently suited to travel cross
 
country, and 	in hilly and mountainous terrain. Owners and 
handlers exhibit great skill in tieing on and balancing
 
large loads such as seen here In Addis Ababa. However,
 
much larger loads could be pulled on wheeled vehicles.
 

Figurs 3.47 	 OX-drawnsled Chilalo rala. Ethiopia The empty sled 
shows a type of construction using local materials. It
 
is very practical and low cost but its use is limited to
 
farm fields. (AIR-61)
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Figure 3.47 shows one type uted in Ethiopia. This simple sled is easy to
 

use for hauling bulky loads of grass, vegetation or straw over short dis

tances. It is a laborious job to tie and balance a smaller load on an
 

animal's back. Where adequate methods of yoking and harnessing animals
 

are available, much moue ue coutd be made o6 ated6 aa a. inexpenaive and 

p~atieci aubatitate 6o 444teded vehictae6 
With the wheel, man or harnessed draft-animals can move far heavier
 

loads than by back-carrying or on sleds. The capacity of wheeled trans

portation ip determined more by the ground surfnce and type of wheels than
 

by the weight of the load.
 

If wheels with iron rims are used on even, hard-surfaced
 
roads it ,ounts to about one to four percent of the total
 
weight of the load and its vehicle; on level, stubble fields
 
it is 10 to 15 percent; and on level, soft fields it is as
 
high as 20 to 40 percent of the weight. With pneumatic wheels,
 
still greater loads can be transported.

159
 

The rolling resistance is less with large wheels than with smaller
 

diameters, particularly on uneven ground. Wheel rims can be comparatively
 

narrow on hard surfaces but must be wide on soft ground.
 

The simplest form of wheeled vehicle, barrows. are generally used for
 

short distance hauling and on narrow paths. A mistake is often made in
 

using too small a wheel, a long body and a high center of gravity all of
 

which make the barrow hard to push, heavy at the handle and difficult to
 

balance and keep upright. The box should be placed betweeii, and not upon,
 

the frame shafts with the gravity point near the ground. The weight on the
 

handles should not exceed 20 kg. Wheelbarrows or bicycle carts could be
 

made easily in developing countries by average craftsmen if they were trained
 

and a suitable source of wheels and axles were available, as indicated by
 

the work of Schneider, Haynes and others in northern Nigeria.
 

For use on rough uneven ground, carts should have large-diameter wheels.
 

Farm carts vary In size, configuration, and weight depending upon the animal
 

power and land surface. Carts represent the cost universally used wheeled
 

vehicles in agriculture, and,except in Equatorial Africa, are the most
 

comon tool possessed by animal-powered farmers.
 

Carts will not become coemon in Africa until they can be manufactured
 

by local artisans at reasonable cost. MAli and Madagascar have made the
 

greatest impact on cart introduction of any Equatorial African country, with
 

50,000 and 40,000 respectively in use. (Table III. 8.) The production
 

figures of donkey and horse carts by SISCOMA, while small, show a steady
 

increase in demand since introduction in 1963/64. (Table 111. 5.) The
 

production of ox carts, however, has faltered.
 

159

Hopfen, op. CU., pp. 
134-36.
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A donkey-drawn cart, made by SISCOMA and designed for 400 kg., is 

fitted with straight double shafts and life-time lubricated Timken roller

bearing automobile-type wheels and tires. The wheel assemblies are purchased 

from a French company, and with second-grade 5:60 x 13 tires (new car rejects), 

they cost about $23.00 per pair. The axles are 35 am. square stock and 

support the body one meter above the ground on V-frame.. The platform, 

surrounded by a heavy frame 160 cm. long by )2 cm. wide, has bracketo for 

side-racks. The net weight of the cart is 108 kg. and the export price 

quoted to Nigeria was about $100.00. Parts for the wheels are available
 

from Renault 4 garages, which facilitates service in most African countries.
 

Sales have risen from 280 units in 1965 to 1,480 In 1966, and 2,430 in 1967.
 

(Figure 3.48.)
 

Figure 3.48 	 Various z..vof animal carts In Senegal Tongues are 
adapted for a single horse or donkey (foreground) and a 
pair of horses or oxen (background). These carts have been 
made by SISCO4A the past 6 yearu with gradually increasing
 
sales. Their relatively high price has limited their
 
acceptance and popularity. (AFR-301'
 

The standard horse-drawn cart and ox cart made by SISCO4A and designed 

for loads of 1000 kg., Is fitted with larger-sized wheels tires, French
 

165 x 380. The empty cart weighs 190 kg. with a platform 2 m. long by
 

1.15 meters wide. It can be equipped with either a double (50 m.) or a
 

single pole (70 mn.) for one or two *nimals, respectively. The platform is 

surrounded by a heavy steel irdme to which are welded three stake pockets on 

each side for racks. Prices quoted to Nigeria were about $126.00 for either 

cart. (Figure 3.48.) 
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Samaru ox carts, designed by Haynes, consist of a pressed-steel cart
 

frame with pneumatic tires and replaceable hubs. Each wheel is equipped
 

with Oilite, flanged bushings and the hub is dished, so that reversing
 

the wheels would change the tread from 152 to 183 cm., or fit wheels for
 

very soft conditions. Square axles were bolted, rather than weldcd to the
 

frame so they could be turned 90 degrees when one face became wcrn to pro

vide four wearing surfaces. Another design used stub axles fitted into a
 

5 cm. rectangular hollow steel section. Ihe reversible axles had two mach

ined ends and could be turned, to give eight wearing faces.
 

The Agricultural EngineerA Ltd. factory in Zaria, Nigeria is making 

a simple ox cart patterned aft,- a design developed by Schuieder at Al-adu
 

Bello University.
160  

It has a light steel frame 130 x 200 cm. with stub
 

axles welded underneath. The steel tongue Is hinged at the axle and fas

tened with a spring-held pin at the box front so the body can be tilted for
 

dumping. (Figure 3.49.)
 

Figure 3.49 Agricultural Enuireers Ltd. light-weight ox cart made in
 

nnrthern Nigeria The angle-iron frame appears to be light 
for rough farm use. The wheels, axles and bearings were
 

purchased abroad and the tires are used auto and truck
 

casings. (AFR-519)
 

The floor and sides are made of local lumber but the wheels, axles and roller

bearings are purchased abroad for $22.40 to $25.20 a pair delivered to Smaru.
 

The factory snid a major supply problem is lack of good used tires. They
 

160
 
Robert Schneider, Agricultural Engineer, Kansas State Contract Team,
 

Ahmadu Bello University, Samsru, Northern Nigeria, Personal Communication,
 
April. 1967.
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also are experimenting with sleeve-bushings mounted in a welded hub to take 
wheels and tires the same size as the Peugeot pick-up comon in Nigeria. The 

selling price of the current ox cart Is $112.00. 
. SISCOKA has made a few low-profile heavy-duty ox carts that are con

siderably heavier and more expensive with a designed capacity of two tons.
 

At Bambey Centre for Agronomic Research the research engineer said it was
 

well built, but prices and detailed specifications are not known. It he
 

heavy-duty axles, wheels and bearings set in wells on the edge of the plat

form. The low body, 60 cm. above ground, is equipped with both end- and
 

side-racks. The unit appears well-balanced but needs two strong oxen to
 

pull a full load. (Figure 3.50.)
 

The Singida steel-wheel ox cart is made with a live axle and wooden
 
bearing-blocks in southern Tanzania. When tested by TANTU, it was reported
 

satisfactory for local hauling. The cart sold for about $60.00. If suitable
 

wheels and axles could be obtained, the cart could be mass produced.
 

(Figure 3.51.)
 

Shambaugh in northeast Nigeria used a different approach to cart fabri

cation by taking the rear gear assembly of a standard U.S. four-wheel farm
 

wagon to make a heavy-duty two-wheel cart. His goal was to produce a cart
 

at a cost of about $55.00 to $85.00 which would carry 1,356 kgs. at speeds
 
up to 32 kph. The cost, less tires, was about $31.00 FOB, the U.S. factory.
 
The fabrication is very simple, requiring only the adaition of a 3.67 meter 

section of reinforced pipe for the tongue and a locally-built wooden body. 
The chassis is extremely sturdy for an ox cart, and with a short tongue, it 

can be used behind a tractor. (Figure 3.52.) The Bo0nu ox cwU .i one o6 
tf 

United Stata at a Aeaoniabte pAece. 161 

the beA ideo 6o a du.bte animat ca.t iich could be 6uppted 6.wm the 

The CADU project has looked for a simple way to put the small Ethiopian
 

farmer on wheels. The best way appears to be to import suitable automotive
type wheelq, tires and axles from overseas and build bodies and frames locally
 

pending establis?'n-nt of a local factory. Ten wooden- and steel-wheel
 

carts have been built out of old machinery and transport wheels, and have
 
been loaned to farmers for tests. (Figure 3.53.)
 

Four wheels provide much greater stability and balance, without vertical
 

pressure on the animal, or danger o' the load tipping. There are two dis

advantages for Africa: first, two set. of wheel-and axle-assemblies will
 

161Shambaugh, Stn"e o6 evelopsmen in Pogw6ive Aechanizdtion 
6o4 he Hand and MAixed FaAmeA in the Savannah Zone 06 No.theun MigeAia, 
p. 18. 
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Figure J.DU 	 Improved heavy-duty ox-uspon vith racks Two oxen can haul 
1400 kgs. with this unit manufactured by SISC04A for the 
first time in 1968. While quite expensive it represents 
a sound design vith easily rolled pneuatic tires and lo 
platform height. (AFR-302) 

Figure 3.51 	 Sinuida (Tanzania) wood-bearing steel-vheel ox cart Origin
ally made by a missionary group in south central Tanzania. 
this smple but rugged cart perfomed well and exhibited 
good durability when tested by the Tanzanian Agricultural 
Machinery Testing Unit. Unless a local source for inexpen

sive steel wheels is available it will generally be less 

expensive, and far superior, to use standard satomotive 
roller bearings. heels with pneumatic tires. For small 

numbers of carts steel wheels can be used, but for any mass 
production of improved carts and wagons, it will be more 
economical and practical to use the modern mass-produced 
wheel assembly. (AFR-540) 
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Figure J. Shambaugh's Bornu heavy-duty ox cart 
 Made from the rear
 
'ialf of 
a U.S. built farm wagon, thit two-wheel ox cart is 
one of the best solutions to the dilec=a of how to develop 
a low cost but durable cart. The reach is simply replaced

with a pipe to form the tongue and a platform and bod" are
 
built locally. If available, used tires can be furnished
 
locally but they are 
in critical supply In most developing

countries. (Photo courtesy of T.J. Shambaugh, Jr., USAID/ 
Nigeria, Industrial Development Center, Zaria, Northern 
Nigeria, 1969) 

Figure 3.53 Chilalo Agricultural Developaznt Unit ox cart This inexpen
sive cart was fabricated from the transport unit of an old 
combine or binder. It has limited possibilities becauae 
only a few junk machines a:e available and the repair and 
replacement of worn bearings will be difficult. The steel
wheels also limit its use to gravel and dirt roada and to 
(Photo courtesy of B. Karlsson, CADU/SIDA, Asella, Ethiopia,
 
April, 1969) (AFR-469)
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almost double the cost to the farmer; and ascond, strong suitable animals and 

harnesses are scarce. Farm wagons are available in developed countries in 

practically any size desired, but few are found in Equatorial Africa. An 

advantage of the Bornu ox cart Is it can be converted to a four-wheel vagon 

later by simply adding the front half of the running gear plus a reach to 

join them. 

Automobiles have influenced development of farm wagons by providing 

a fixed front axle with steerable front wheels on stub axles. This steerage 

gives grent stability when turning corners since it allows a short turning 

radius, and the hitch pole or shafts do not transmit road shocks to the draft
 

animals. IThelow-loading platform of these wagons is also a great advantage.
 

Animals can be effectively utilized for short-haul earth moving opera

tions using scoops or blades. Even though they are slow, large amounts can
 

be moved and packed by animal teams. In a country like Ethiopia it is eco

nomically desirable to use animals in outer regions having adequate animal
 

power, but lacking a well developed or adequately supported engine-powered
 

agriculture and transportation network. One contractor has 50 ox team in
 

the Awash valley building irrigation dams and levees at rates lower than
 

offered by tractor equipped contractors. (Figure 3.54.)
 

Figure 3.54 	 Ox-drawn blade scrapers buildinl levees in eastern EthIopia 
Even where tractors and equipment are available It is some
times less expensive to use animal draft for selected oper
ations. Tendaho Plantations found that the contractor with 
up to 50 teems of oxen could construct both small and large
earth levees 	more economically than could be done vith 
crawler tractors. The levees are used to control flood 
irrigation waters and to improve irrigation efficiency and 
water spreading. The oxen do an excellent job of packing 
particularly when building up larger mounds. (AFR-473) 
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b) Processing and Water Pumping A horse or camel-driven mill 

built by a Portuguese firm was seen in Senegal. While designed for use with 

a reciprocating water-pump, it might prove useful as a power source for
 

high-capacity decorticators. Haynes says, "Its main advantage over homemade
 

mills is in its clever use of castings which would have to bt imported from
 
'1


Casablanca." 62 The power train is driven by a revolving cap rotated by
 

two long arms about 4.6 meters in length. The animal-hitch-point can be
 

moved in to increase speed or out to increase power.
 

A simple but effective mortar-and-peatle camel-powered mill was observed
 

in northwest Ethiopia. To extract oil from seseme oeed, the pestle is
 

rotated by a heavily-weighted offset arm and beam. One batch of seed is
 

processed at a time with the oil riling to the top and :urnishing excellent
 

lubrication. At the end of each batch the seed cake was pAcked against the
 

edges of the mortar and had to be broken out before new seed could be added.
 

(Figure 3.43.)
 

The Persian water wheel is widely used for raising water from shallow
 

wells in India and the Far East and could be used in Equatorial Africa. It
 

is powered by oxen and driven from a shaft by peg-Cearing. An endless chain
 

of buckets are mounted on a large diameter wheel at the top of the well. As
 

the wheel rotates, the buchets dip into thn water at the bwcrom of the well
 

and lift it to the top into an irrigation canal. Constannesco says a
 

"disadvantage of the Persian wheel is the large diameter of the wheel which
 

necessitates a large diameter well to accomodate it, so that the whole
 
163
 

outfit is rather expensive." 


The Chain pump, the animal-powered device inspired by the Persian wheel,
 

eliminates the need for a large well. 
Basically, it is a link chain driven
 

by a small diameter wheel and pansed through a pipe from the water to the
 

top of the well. At intervals along the chain are fastened steel and rubber
 

washers which push water up the pipe and discharge it into an irrigation
 

channel. Constantinesco says, "The rubber washers rre more efficient and
 

although they wear out they can be easily and cheaply replaced by cutting
 
164 
them out of old lorry and tractor Inner-tubes." Price and use in Africa
 

are unknown but this pump could be used for small-scale irrigation in animal

powered areas of Equatorial Africa if its import price were attractive or
 

it could be locally manufactured.
 

162

Haynes, Repo/tt On a Vit o SenegoI, p. 7. 

163

Constantinesco, Op. e.L., 
p. 10.
 

164
 
Ibid., p. 11.
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2) Output, Power and Capacity Required
 

a) Farm Carts and Wagons Single-animal carts can haul 400 to
 

900 kg. if the load is properly positioned. Two-animal carts in Equatorial
 

Africa are usually pulled by oxen and can haul 900 to 1300 kg. Two-animal
 

farm wagons pulled by either oxen or horses are rated up to 2700 kg. under
 

good conditions.
 

b) Processina Equipment Capacities vary greatly, depending on
 

kind and number of animals, length of rotating arm, evenness of load, shock

loading and hours of operation. Although no detailed data were obtained on
 

outputs or capacities of animal-powered units, most are operated by one or
 

two animals. The camel-powered seseme mill is operated six hours a day and
 

produces an average of 60 liters per day.
 

c) Water Pump Cossul and Co. Ltd., Kanpur, India make an animal

driven chain pump. It has a discharge of 1140 to 1500 liters per hour and
 

is usable for depths up to 13 meters. It can be installed in a well as
 

small as one meter in diameter. The gear ratio is 1:5 and it uses two oxen
 

for power.
 

3) Time and Labor Required
 

Hauling times depend upon the animal, its health, type of cart,
 

cart wheels and condition, load, road-typ- and condition, topography and
 

weather. Most animal-carting is shnrt distance, being primarily farm to
 

local market. Since carts have been used very little in Equatorial Africa,
 

little information is obtainable on their economic use.
 

Small donkeys carry large loads for their size. It is not uncommon
 

to see a 150 kg. donkey carrying a 100 kg. sack of grain in Ethiopia, ob

viously under considerable strain. With an easy-rolling cart on a firm
 

level surface, this same donkey could haul four to five times that much.
 

However, where there are very poor roads, or only narrow winding tracks and
 

trails with steep slopes, there is no better transport at present in the
 

rural areas than the sure-footed animal.
 

Little information is available on animal processing equipment and
 

quantitative information is not available. A few mortnr and pestle and cap

stan-operated mills and water pumps seem to be the only stationary use now
 

being made of animal power; and no cases were investigated in Equatorial
 

Africa.
 

4) Skill and Management Required
 

Loading any kind of two-wheeled cart requires skill and judgment to
 

maintain proper balance without overloading the animal or risking the danger
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of tipping backwards on hills.
 

The proper lubrication of sealed and anti-friction bearings is a
 

critical problem with carts. Factory lubricated, prepacked or so called
 

"lifetime" bearings still need attention. Seals wear out due to intrusion
 

of mud, dust, fine sand and water.
 

Bearings must be repacked when they begin to show signs of looseness,
 

leaking grease, or after exposure to extreme conditions of moisture and
 

dirt for prolonged periods. Since the average small farer is unfamiliar
 

with such problems he needs advise and help by qualified technical people.
 

Preventive maintenance for wheeled vehicles means timely lubrication,
 

adjustment for bearing wear, replacement of bushings or bearings before
 

the hub and/or axle are damaged, rotation of axles where possible, keeping
 

lug nuts tight, keeping tires properly inflated and avoiding tire cuts and
 

dAmage.
 

Over oading is a danger, although with one or two small animals a
 

safety factor exists, since the maximum load is limited. Nevertheless,
 

wheels become deformed, tongues bend, axle brackets give, or frames spring,
 

allowing loads to shift and increasing breakage and wear-rate on the body or
 

other parts.
 

5) Costs Involved
 

Of all the tools owned by animal farmers, the cart receives the moat
 

year around use. Tn the casual observer, the upkeep of a farm cart Seems
 

a simple thing with relatively minor expenses. However, the followinig costs
 

on ownership (Table 111. 18), prepared by Haynes show that its use and proper
 

care Involve considerable expense for the farmer. The estimates were based
 

on an original cost of $120.00 for the cart, not Including road license
 
165
 

fees. Haynes explains:
 

Working lives were assessed pessimistically but it was
 
essimed that the factory would buy back old axles, hubs, etc.,
 
for repair at realistic scrap prices. The capital cost was
 
included by assuming the cart was purchased with a loan repay
able over five years with interest at 52 on the decreasing bal
ance. With bushings replaced every second year, a new set of
 
hubs every fourth year and new axles and tires every six years,
 
the ownership costs were:
 

16 5 Haynes, Itn&eim Repoat.t on Te.t on Ox-d.=vtn Imptemen . aa Gitowidnu.. 
L.Uetu, p. 73. 
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TABLE III. 18 COST OF OWNING AND MAINTAINING A PNEUMATIC-TIRED 
TWO-WHEELED OX CART: NORTHERN NIGERIA 1965 

Year Parts and Labor Annual Coat 

dollars 
First year none 29.15 
Second year New bushings 29.28 
Third year none 26.64 
Fourth year New hubs and bushings 26.48 
Fifth year none 23.54 
Sixth year New axles and tires and bushings 49.49

a 

Seventh year none -
Eighth year New hubs and bushings 18.90 
Ninth year none -
Tenth year New bushings 10.85 

Residual scrap value 21.00 
aIf steel wheels were used in place of pneumatic tires, the cost of the
 
sixth year would be $24.10, but the bearings would wear faster reouiring
 
earlier replacement.
 

No cost records were obtained on the operation of animal-processing
 

equipment either for ownership or operation in Equatorial Africa.
 

Engine-powered Implements and Attachments
 

Of the many engine-powered or tractor-pulled and -driven implements and 

units of equipment now in common use or potentially usable in Equatorial 

Africa an evaluation is useful of those with the greatest application poten

tial or a particular relevance to agriculture in the tropics. TheAc.4 

a ptace 6o engine-pmeAed agicutu'e in devueoping ozt iot jut a. then 

z an obuvou6 need 6oL brp'wued hand- ajd aniat-poto.ed y6.te. 

Engine-powered implements can handle all operations in tillage, planting,
 

weeding, harvesting, processing and transportation. Many machines are multi

purpose or have attachments which enable them to perform simultaneously more
 

than one of these operations, in contrast to hand and animal tools and
 

implements which are essentially single-purpose.
 

There are many good tractors and implements developed and used in more
 

advanced countries that can be operated in Equatorial Africa with little
 

modification when they are: selected to perform under prevailing climatic and
 

operating conditions; realistically applied to a system of farming; suitably
 

designed for the crop; chosen to fulfill functional requirements; supported
 

by a dealer and service organizations; and operated by well-trained farmers
 

or employees.
 

In introducing more sophisticated power and implement systems the
 

following should be guarded against:
 

1. Using tractors and associated tools on land which has not been
 

properly cleared.
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2. Sending tractors and implements into the field without adequate
 

siopervision and essential supplies.
 

3. Selecting the most elaborate tractor model with many power options
 

such as steering and shifting and draft cvntrol for use many miles from the
 

nearest service facilities.
 

4. Turning expensive tractors and implements over to improperly trained
 

operators and then expecting satisfactory performance.
 

5. Supplying only plows or harrows with tractors when additional
 

implements are needed to effectively utilize the tractors and produce the
 

crop.
 

6. Trying to do good work with plows or implements which are incomplete,
 

damaged or improperly adjusted.
 

7. Selecting wheel or crawler tractors with closed cabs that 
are un

comfortable for the driver in the tropical sun.
 

8. Bringing in mechanical harvesters before there are suitable driers,
 

mills or gins to process the mechanically-picked crops.
 

It Is important that officials and farmers in developing economies have 

an accurate idea of the t)ue c06t6 of owning and operating expensive machin

ery. In general, a.t tMe pA6eAen atae o6 deue.topment, educ4tZon teve., 

degate oigaazation, accrued expeience and expe.tize Ul t tweltneuj; cti

inate4 v6 tengti 06 au~vcc-t6e o6 a tiacto~ o,%impepmiente wed in eotinga 
muAt be g-eaty Aeduced, and the eaimated cost 06 AepaiA and mO.tetnance 

couideuabty iptcued in o~deA to do-temanite thte co~t 06 mach.bnm'u uhe in 
.ia Only on carefully-supervised commercial
Equato A64ca. plantations and
 

schemes, frequently managed by expatriates, can cost be held down to eco

nomical levels.
 

Table I1. 19 suggests practical values for calculating costs of using
 

machinery under climatic conditions found in Equatorial Africa. The low
 

productive une, high repair costs and early mechanical failures in tropical
 

regions indicate that these costs of using machinery are valid in the
 

countries considered by the Study; a similar guide is given by the Asian
 
66
 

Productivit. Orgarization for use by its members in southeast Asia.1


Approximate draft requirements and operational speeds for more advanced
 

engine-powered tools and implements are given in Table III. 20. Power
 

requirements for any given tool will vary greatly, of course, with type of
 

soil, topography, moisture content, vegetation, speed, condition and adjust

ment of the implement, depth and angle of cut, and operator's skill. In
 

1 6 6 
Recoutd o6 ExpeAt Gi.oup Meeting on AqtiadUu~ut Mechanization, 

Vol. I (Tokyo: Asian Productivity Organization, June, 1968), p. 64.
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TABLE III. 19 PERCENTAGE VALUES FOR ESTIMATING ANNUAL OVERHEAD COSTS OF 

STANDARD-SIZED MACHINERY, ADAPTED TO DEVELOPING 
COUNTRIES OF EQUATORIAL AFRICA 

Overhead Charges as Percentase of 

Original Costa 

Estimated Straight line b c Annual
 

Machine Life Depreciation Interest TIHL Repairs Total
 

years percent X % % 2
 

12.0 34.3
Tractor, crawler 7 14.3 4.0 4.0 


6 16.6 4.0 4.0 10.0 34.6
Tractor, wheel 


Plow, disk or
 

moldboard 7 14.3 4.0 
 4.0 10.0 32.3
 

6 16.6 4.0 4.0 10.0 34.6
Harrow, disk 


4.0 4.0 8.0 28.5
Harrow, tooth 8 12.5 


Tiller, rotary 6 16.6 4.0 4.0 10.0 34.6
 

4.0 28.5
Leveler, small 8 12.5 4.0 8.0 


4.0 4.0 5.0 23.0
Planters, seed 10 10.0 


Drills, w/o
 
4.0 23.0
fertilizer 10 10.0 4.0 5.0 


Sprayer, PTO or
 
4.0 8.0 28.5
engine 8 12.5 4.0 


Hower, sickle or
 

4.0 4.0 10.0 32.3
rotary 7 14.3 


4.0 10.0 34.6
Combine, pull or SP 6 16.6 4.0 


4.0 25.5
Rice huller 8 12.5 4.0 5.0 


4.0 4.0 3.0 21.0
Seed cleaner 10 10.0 


5.0 29.6
Wagon, 2 or 4-wheel 8 16.6 4.0 4.0 


26.3
Pumps, irrigation 7 14.3 4.0 4.0 4.0 


aDoes not include drivers' wages, routine maintenance service charges, fuel
 

and lubrication costs, and high usage supplies like plow points atidtwine.
 

blnterest is based on average of one-half value throughout machine life, using
 

only official rates for borrowing from government agencies.
 

CTaxes, Insurance, Housing and license fees.
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TABLE 111. 20 APPROXIMATE DRAFT REQUIR ENTS AND SPEEDS OF OPERATION
 
8
 

FOR FARM MACHINES IN EQUATORIAL AFRICA


Machine 	 Typical Power Requirements Speed
 

per area or cm. of width km./hr.
 

2 

Plow, indigenous 0.14-0.70 kg./ca. 1.61 - 2.42
 

2 
moldboard 0.21-1.12 kg./cm. 2.42 - 4.84 

2 

disk 0.21-1.00 kg./cm. 2.42 - 5.65
 

Disk harrow, single action 0.45-1.50 kg./cm. 1.61 - 4.03
 

double action 1.20-2.70 kg./cm. 1.61 - 4.03
 

Rotary tiller 0.70-3.50 kg./cm. 0.80 - 2.42
 

Harrow, spike or peg 1.80-2.70 kg./peg 1.61 - 4.84
 

spring tine 10 - 25 kg./tine 1.61 - 4.84
 

Roller or puddler 0.15-0.90 kg./cm. 0.80 - 4.03
 

Leveler, float 	 0.30-0.70 kg./cm. 1.61 - 4.84
 

Row-crop planter 30 - 70 kg./row 1.61 - 4.84
 

Grain drill 	 6 - 22 kg./row 1.61 - 4.84
 

Transplanter 	 10 - 20 kg./row 0.80 - 2.42
 

Combine, self-propelled 0.48-2.25 kg./cm. 1.61 - 4.84
 

Hower, tractor 	 0.12-0.37 kg./cm. 1.61 - 4.84
 

Grain binder 	 0.97-2.25 kg./cm. 1.61 - 4.03
 

aRecoutd od ExpeWt Gu.oup Mee.g on A ,c.guttuka Medani.zation, Table f, 
Reu.
p. 61 and Chilalo Agricultural Development Unit, PteiminauJ 

oj FaoJuImpteient ReAeaAch Iplement Research Station Publication 

No. 2 (mimeographed) (Addis Ababa: Swedish International Development
 

Agency, June, 1969).
 

areas with distinct wet and dry conditions, lateritic soils become very hard
 

as they dry out, e.g., northern Nigeria and Ghana.
 

Some typical field capacities per 30 cm. of width are indicated in
 

Table III. 21 for various field machines. Capacity depends upon width, speed
 

and field efficiency, or percent of tine a machine is actually working.
 

Blockages, short fields, obstructions, small and irregular areas, and poorly
 

defined boundaries slow down operations.
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TABLE III. 21 	 TYPICAL EFFECTIVE FiELD CAPACITIES OF ENGINE-POWERED 
FAFI MACHINERY IN TROPICAL REGIONSa 

Operation and Unit Width Capacity Averate 
ha./hr. hrs./ha.
 

Plowing, 15.2 cm. 0.02 - 0.04 40
 

35.5 cm. 0.05 - 0.14 10
 

Disking, per 30 cm. 0.03 - 0.10 15
 

Rotary tiller, per 30 cm. 0.02 - 0.06 27
 

Harrow, per 30 cm. 0.03 - 0.13 12
 

Roller or puddler, per 30 cm. 0.02 - 0.10 18
 

Leveler, float, per 30 cm. 0.03 - 0.12 15
 

Row-crop planter, per 30 cm. 0.02 - 0.10 17
 

Grain drill, per 30 cm. 0.03 - 0.11 15
 

Transplanter, per 30 cm. 0.01 - 0.04 40
 

Mower, per 30 cm. 0.02 - 0.12 14
 

Combine, per 30 cm. 0.02 - 0.11 15
 

aAdapted from Recoad o ExpeAt Gwoup Afee.tng6 on A i.ctZUuadt Meihanzation, 
Vol. 1, Tables 	3 and 4 (Tokyo: Asian Productivity Organization, December, 
1967), p. 62. 

Technical Factors and Constraints
 

Small Enxine-powered Machinery
 

1) Small Two-wheel Tractors
 

a) Titan Merry Tiller This walking-tractor designed primarily for 

rotary cultivation is manufactured by Wolseley Engineering Co., Witton,
 

Birmingham, England. Power is transmitted from the Clinton air-cooled engine
 

to the rotor shaft through a V-belt and chain drive. When used as a rotary 

cultivator, forward propulsion it achieved by the power-driven rotor. A
 

tine fitted behind the rotor brakes the forward motion and controls the
 

depth of work. A throttle and a V-belt clutch release control the machine.
 

Different combinations of rotors may be used to adjust the working width.
 

Attachments are available for plowing, weeding, ridging, mowing, light hauling
 

and stationary work. This tractor was officially tested by the Kenya Agri

cultural Hachinery Unit, Department of Agriculture, and a test report 

issued:167
 

167S. W. Cooper, "Test Report on a Walking Tractor", Kenya Fo' eA, 

Reprint, June, 1966, p. 1. 
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The machine was used for a total of 100 hours in 14
 
relatively tough conditions which consisted mainly of
 
breaking Kikuyu and Rhodes grass pasttires, stubbles, reed
bed preparation, weed control and inter-row weeding. Depth
 
measurements in all conditions were taken to the level of
 
the soil after cultivation to avoid confuaion in the case
 
of soils previously loosened. On completion of the test
 
the machine was dismantled and exained . . . The ground
engaging parts showed little sign of wear; the chain-drive
 
sprockets and bearings were in good condition; and there
 
were no oil leaks. There was no undue wear in the engine
 
. . . The Titan Merry Tiller . . . was capable of producing
 
satisfactory results in most conditions when the engine
 
developed ample power to meet requirements. No serious
 
mechanical break-downs occurred and no excessive wear or
 
distortion was apparent at the end of the test.
 

b) Landmaiter 150 This 6.0 hp. two-speed primary transmission,
 

80 kg. single-axle walking tractor has been tested in southeast Asa, the
 

Philippines and Kenya. Manufactured by Landmauter Ltd., Ilucknall, Notting

ham, England, it is now being introduced into eastern and western Africa by 

the Singer Sewing Machine Company. Like the Titan, it is basically a rotor

drive cultivating unit but usable for a variety of other jobs. A complete
 

set of attachments includes a rice thresher, irrigation pump, trailer,
 

seeder, rotary and sickle bar-mowers. (Figure 3.55.) 

t.. , 

Figure 3.55 Landmaater 150 (British) two-vheel walking tractor with
 
irrigation pump This 6 hp. tractor can perform many tesks 
although it basically is a rotary cultivator, propelled by 
the soil working blades. It is also excellent for mowing 
grass and for puddling rice paddy. (APR-554)
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In the past five years Landmaster sales have increased considerably in
 

Europe; selling about 4,500 tractors annually in England. In 1967 1.500
 

tractora were sold in the Philippines and during 1968 they expected to sell
 

350 in East Africa. Farmers around the Meru area in Kenya are using 120
 

In Ghana Singer had sold 22 machines by April 1969, and have
machines. 


applications through the Agricultural Development Bank and The Tobacco Growers'
 

The Sugar Growers' Association have three
Associntion for another 30. 


Farmers are using Landmaster 150's in inter-row cultivation for
 
machines. 


weed control.
 

In Kenya Singer has 20 shops at.dmen working with the Landmaster. 
Seven
 

teams of sales and service personnel, all trained in Kenya. can give 24

hour service in any area. On Agricultural Finance Loans Singer provides free
 

parts for one year and free service for life. They are using the JLO two

cycle engine because it can be used on slopes without danger 
of loss of lub

rication. On hire-purchase plans, a service man makes monthly checks 
on the
 

Singer claims they can train
 
machine and operator and corrects deficiencies. 


The only trouble with the engine
 a man to use the Landmaster in two hours. 


About 75 percent

has been operational carelessness and lack of maintenance. 


of the purchasers of Landaster tractors are people with other jobs, such 
as
 

civil servants, school teachers and agricultural workers.
 

The provisional report on the Landmaster from the Ghana 
Ministry of
 

Agriculture is good. One unanticipated problem has been the attitude of 
the
 

farmers to "wait and see" if the company stays in business to 
give spare parts
 

and tepair service. The discontinuation of some products after only a 
year
 

of sales has created suspicion 
of new products among farm 

customers.168
 

s compl2te set
 
Singer uses a demonstration for on-the-farm visitn 

with 


of equipment and service facilities. They extend six-months' credit to good
 

in quoted prices between Africa and
There is a difference
risk customers. 


the Philippines. A suggested dry-farming set consists of the basic 
L-150
 

pair of 18 cm. wide steel wheels, one
 power unit, a moldboard plow, one 


pair of 500 x 12 rubber-tired wheels with ratchet 
hubs, and wheel weights,
 

In the Philippines this sells for
 
and a front counterweight and bracket. 


in Kenya this set
 
$988.00 cash or $1,215.00 on credit with 35 months to 

pay; 


was qu-iten at *790.00 cash.
 

A rotary cultivatIng-set consisting of the basic L-150 machine, a
 

rotor-axle, an 84-cm. curved-blade rotor set, 

a wheel-support frame, front
 

weight and bracket sells for $748.00 cash price in the Philippines or 
for
 

168D. McKenzie. formerly Manager, Singer Scding Machine Co., Accra.
 

Ghana, Persondl Comunication, July, 1968.
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$850.00 list price with 26 months to pay. In Kenya the cash price was given
 

as $576.00. In Ghana the basic Landmaster tractor with 91-cm. rotary tiller
 

and the JLO 6.5 hp. engine sells for $539.00 cash. The irrigation pump with
 

7.e metr auction hose is priced at $164.00 and the two-wheel trailer at
 

$100.00. Prices may be more favorable in Equatorial Africa because of lower
 

freight costs.
 

c) Landmaster 150 Attachments The single-furrow moldboard plow
 

turns a furrow 23 cm. wide and 10 to 15 cm. deep. Equipped with a large
 

landaide, rolling-coulter and replaceable share, it is easily controlled and
 

can do good work in trashy fields because of its high clearance. For dry

land plowing extra weight must be added to the tractor wheels and a ;ouster

weight on the front for effective traction. Weight of plow is 24 kg.
 

Patterned afL1L the Japanese vice-plows, the slatted roldboard plow is
 

reversible to permit back and forth plowing. A crank controls depth and pene

tration and special paddy wheels are used nornally to help support the tractor
 

in very soft soils and to assist in working up the paddy. Plow weight is
 

16.5 kg.
 

For piddling and leveling rice paddies, a pair of 45-ca. wide rotary
 

cage-wheels and a 92 cm. finger harrow or leveling rake are used together.
 

Because the rotor power unit is completely sealed against entry of mud and
 

water, this nachine can work partially subnerged in rice paddies.
 

Three different types ef blades are supplied to work different soil 

under varyiil, conditions. Cmived blades are used for noral cultivation, 

deep tillage and hard soil conditions; 3CzCA blades are used for general 

purpose and trashy ground; and xcik tines are designed for very hard, com

pacted soil or stony ground. One to four pairs of blades may be used to 

select row-working widths of 33, 27, 33 or 45 cm. Ridging rotors are avail

able to ridge up special crops, to mulch weeds and trash or to mix in fer

tilizer. 

A 92 cri.oscillating sickle-bar mower can be mounted on the front to
 

cut and wind-row crops. It can be used to cut on banks up to a 450 angle.
 

A front-mounted wheel-supported 61 cm. rotary rower is available for
 

clipping grass and weeds, for pulverizing crops prior to cultivation and for
 

mowing heavy weed growth up to 122 cm. high. Wth the Landmaster mower,
 

smaller drive-wheels must be used because the large heels used for plowing
 

and transport propel the tractor too fast for satisfactory cutting.
 

A two-wheel trailer unit has a 300 to 400 kg. capacity with 400 x 8
 

pneumatic tires. It is equipped with a parking brake for use in emergency
 

stopping.
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A Singer-made self-prmlg irrigation pump with base and stand can be
 

attached to the tractor's front-vcight bracket. Capacity is 29,550 liters
 

per hour. A 7.6 meter 5 cm. suction-hose with strainer is used. (Figure 3.55.)
 

Figure 3.56 	 Landmaster brush-type all-purpose vegetable and small grain 
seeder Although designed to go with the Landmaster tractor 
it could be used with any pulling tractor designed for field 
work. The brush-type seed-metering device performs well 
providing the bristles are stiff and bunched together.
Planting units can be hooked together in gangs to sow two 
or more rows. (AFR-550)
 

A grain thresher, made by Garvie of Scotland to NIAE specifications for 

paddy threshing, is said to be suitable for wheat, sorghum, mango and gL nea 

corn. The average output for ricc is reported as 1,000 to 1,360 kg. per
 

hour. The thresher is attached 
to the front and left side of the tractor.
 

It, like the irrigation pump and mowers, is driven from the engine pulley
 

at 1,500 rpm. 

The power-take-off and flexible drive accessory is used to power other 

attachments such as a chain saw, drill or grinding wheel. 

A brush-type seeder in single- or twin-gang arrangement is available 

to plant seeds up to pea size. According to Cooper's tests of seeders at
 

KAHU in Kenya, the brush-type agitator seeders are satisfactory provided 

the bristles are bunched together to give a paddle effect. (Figure 3.56.) 
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A four-row boom sprayer for the small farmer is manufactured by Leading 

Engineering Co., Nairobi, Kenya. An axle cm drives a piston pump and the 

spray tank is mounted on the rear. The sprayer originally was designed for
 

ox farme-s but never gained farmer acceptance. For small holders raising
 

rice and cotton crops it should be a useful attachment. (Figure 3.57.)
 

Figure 3.57 	Low-volue field sprayer (Kenya) made for Landmaster tractor
 
This is an example of special purpose equipment made by a
 
local manufacturer (Leading Engineering) and designed to
 
increase the usefulness and productivity of newer agricultural 
tools. The spray boom shown covers four rows and can be 
adapted to various crops. The pump Is driven off the axle 
by an eccentric cam and crank arm and the tank is located 
on the rear. Originally designed to be used with animal
drawn equipment it never found a market. (AFR-549) 

d) Agria Farnworker A new German two-wheel tractor, the Agria
 

Far uorker, was seen at the Sunyani, Gnana Agricultural Show. The 4.5 hp. 

Farmworker is a two-wheel tiller; with the import price of a moldboard plow 

and trailer, estimated at $500.00. Attachments include a two-way -oldboard 

plow, two-wheel trailer, a 122 cm. sickle mower and a 183 cm. spike-tooth 

harrow. The single-axle models also come in 6.5 and 12 hp. sizes, and the 

4 wheel models in a 10 to 12 hp. riding tractor with a choice of a gas or 

diesel engine.
 

e) Toro Tiller The Toro tiller is a Sear-drive machine with a 

4.5 hp. Briggs and Stratton engine. With rotary blades, the export price
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FOB New York 	is about $98.00 each in 
lot3 of 100 machines. These could be
 

imported to Ghana for about $130.00 each.
 

f) Honda Power-tillers The University at Ife, Ile-Ife, Western
 

Nigeria, has tested several models of the Honda power-tiller for suitability.
 

Stetler reports that three models are available with the 3 1/2 hp. size being
 

the most satisfactory. le reported: 
169
 

1. The F-25 is a 2 1/2 hp. lightweight nodel selling for $140. The
 

rotary cultivator and moldboard plow work well in 
clean soils but are hope

less in soils with roots, stumps and stones.
 

2. The F-40 is a 3 1/2 hp. model selling for $280 which works well and
 
is fairly simple and easy to service. Stetler believes that if a farmer
 

could increase his maize and yam area 
from 1.2 to 2.4 hectares without 
hiring more labor he could probably pay for it in three years. A good farmer 

should get 1,020 kg. of maize and 3,640 kg. of yams per hectare. (Figure 3.58.)
 

Stetler stated the steel blades 
on the Honda needed replacement after cul
170
 

tivating about 4 hectares.
 

Figure 3.58 	 Honda F-40 (Japanese) power tiller and trailer This 3.* hp.
 
tiller is one of the more sophisticated small tractors and
 
power tillers recently test-marketed in Africa. Generally
 
more expensive and complicated than European and American
 
models of sicilar horsepower, it has not received extensive
 
promotion nor been widely distributed. Asian built machines
 
are 
not always suited to climatic and soil conditions In
 
Equatorial Africa. 
The great distance from factories and
 
to major suppliers also places purchasers at a disadvantage
 
for parts n(.service. (AFR-520)
 

169

Stetler, op. 	cit.
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3. The F-190 is a 5 hp. model vith rotary-blade rotavator. It does
 

the easiest job and works best with wheels to control speed and action of
 

rear-mounted rotavator. However, a "fancy" electric starter and lights, and
 

complicated engine increase its cost and make it difficult for African
 

farmers to service. A farmer with sufficient muney to buy a Honda F-40
 

rotary tiller, probably would go into cocoa or permanent crops giving a
 

higher cash return.
 

2) Small Four-wheel Utility Tractors
 

a) Self-helper Tractor Model G-12 Manufactured by Self-help,
 

Inc., Waverly, Iowa, this small 12 hp. power unit comes closest to big
 

tractor capability for its size (137 cm. wheelbase) and price of any small
 

t:actor currently manufactured. It incorporates features not fou.J on most
 

small tractors: simplicity, true ruggedness, large drive-wheels (8.00 x
 

16 rear tires), provision for extra weight to obtain necessary traction, a
 

power-take-off for stationary work, and a wide range of matched attachments.
 

The standard Kohler gas or kerosene engine features automatic compression
 

release for easy starting which releases the normal high compression past the
 

exhaust valve at cranking speeds. Advantages are that the engine starts with
 

a gentle pull. without kickback, flooding or loss of horsepower.
 

To make maximnum use of power, extra weight is recommended in the form
 

of 45 kg. of fluid in each rear tire, 41 kg. cement weights on each rear
 

wheel and a 45 kg. counterweight bolted under the front axle. With this
 

front weight removed, the unit has 36 cm. clearance under axles for culti

vating. Tractor weight, including counterweights but not the operator 19
 

518 kg. Price for the complete basic tractor with 12 hp. gas engine is
 

$542.65 FOB Waverly, lowj. With a 10 hp. Clinton engine %nd without the hand

operated emergency brake, it is $507.90 FOB.
 

The manufacturer says the tractor has been produced for over 25 years
 

and tahousands have been sold. For overseas t. . it has a lower first gear
 

for heavy plowing in hard soil, a reinforced frame and sxle for greater
 

strength and rigidity and weights for traction. Self-help gives a one-year
 

guarantee if the tractor, engine and parts are defective under normal service.
 

(Figure 3.59.)
 

Normally the tractor and implements are shipped disassembled to save
 

freight after being assembled at the Iowa shop to be sure all parts fit
 

and are properly adjusted. This provides an opportunity to set up a small
 

assembly plant overseas, to trein workers or farmers in basic mechanical
 

principles and to familiarize them with the machine. The price of individual
 

components, disassembled, is shown In Table 1i. 22.
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Figure 3.59 	Self Helper (United States) i'-hp. four-wheel trMictor with
 
4oldboard plow and mower Designed especially with the snoll
 
cultivator in mind, it is relatively simcple with provis!,n

for adding considerable weirht to take advantage of ,vallaLle
 
power. The tractor pulled this plow in fine-grained solsr
 
at high altitude with comparative ease. Many othtr attsich
mentn are available but they all cost considerat le noney
 
from the viewpoint of the small farmer. (1,ito courtesy of 
R.P. Rooney, USAID, Addis Ababa, Ethiopia, April, 1969)
 
(AFR-545)
 

TABLE II. 22 	 DESCRIPTION AND COST BREAK-Doh,. OF COMPONENT'; OF SELF-IYLP 
FOUR-WHEEL TRACTOR DEVELOPED FOR SALL FARIRS IN [)EVUL.OPINtC

a
 
COUNTRIES
 

Description of Trjctor and Components 
 Cost
 
dollars
 

Main Frame: Includes - differential housi,.'. !t
 
and chain guards, qent and spring, fen, : .... 
r 
and lift lever, foot-operated clutch an,! two
 
steel sprockets and roller chain, tool I, . t, r
ing wheel, four sheaves, and belt and hi-;-pi.aed 
emergency brake 
 186.00
 

Rear axle assembly 
 62.50
 
Three speed transmission, one reverse 54.Ol
 
Front .rle, spindles and four timken bearings 22.40
 
12 lip.Kihler gasoline enaine 
 106.00
 
Hood over engine and throttle 15.50
 
Wheels and tires: rear - 800 x 16, - 4.00 A 8front 	 96.25 
Front counterweight box ($3.50) 
 no charge

Swinging draw-bar ($6.60) no charge
 

Total Net Cost (FOB, Waverly, Iowa) 542.65
 

aSelf-help Organization, Waverly, Iowa, P/Lice Lit and Speci6cat':otts, 
March, 1967.
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A variety of tools is svailable for the Self-Helper to perform almost
 

any basic farm operation. More tests under tropical conditions in Equatorial
 

Africa are needed to determine performance and desirability. Rooney says
 

that the tractor is powerful for its size and hss performed well under 

1 7 1 a maclaneEthiopian conditions. However, no mat.t A ho aimpte o& ,ugged 

uo toot may be, peqiod, c attett.Zon i4 Aequied. 

Implements may be rear-, center-, or front-mounted; are controlled by one
 

are quickly adjustable or removable. Not all the following
handlc; and 


All prices are
nttuL=cnta are recomended or suitable for the small farmer. 


FOB, Waverly, Iowa with freight costs 
to Africa adding about 25 to 30 percent
 

to factory prices. A partial list of attachments for the Self-Helper follows:
 

1. The moldboard plow cuts a 30 cm. furrow to 18 co. deep. Raised and 

lowered by a hand-lift lever, it is completely adjustable. Plow body has 

replaceable share and is equipped with 25 cm. coulter blade. Weight is 43 kg.
 

and price $50. (Figure 3.59.)
 

2. The cultivator is a spring tine unit with six shovels, sweep type,
 

adjustable three-ways and rear-mounted. Weignt is 27 kg. and price $26.50.
 

3. The drag harrow is a pull-type spike-tooth unit with 5 bars and 35
 

teeth. The flexible frame is 122 co. long by 148 cm. wide. Weight is 55 kg.
 

and price $20.00.
 

4. The disk harrow is a single-gang harrow with ten 35 cm. or 40 cm. 

diameter blades mounted on four bearings. Blades can be adjusted for cutting
 

angle and weight added to gang platform. Maxinum cut is 153 cm., weight
 

138 kg. and price $85.00. (Figure 1.60.)
 

5. The furrower or ridger is a rear-mounted unit hoe with a 25 cm.
 

furrow shovel, heavy-duty shank, adjustable beam and hand lift. Weight is
 

30 kg. and price $26.00.
 

6. The seed planter is a one-row uniL equipped with fertilizer attach

ment and ground-press wheel with chain drive. Four quick-change seed plates
 

and three spacing gears permit planting a variety of crops at selected dis

tances. Weight is 54 kg. and price $95.00.
 

7. The rotary mower, a center-counted twin-rotor blade mower, cuts a
 

112 cm. swath. Weight is 55 kg. and price $145.00.
 

8. The sickle bar-mower, a center-mounted mower, cuts 105 cm. and
 

is driven directly from the engine. It features a counter-balanced flywheel,
 

har,'ned gear; and enclosed transmission running In oil. Weight is 45 kg.
 

and price $165.00. (Figure 3.59.)
 

171

Rob,'rt Rooney, Farm Machinery Advisor, USAID Mission, Addis Ababa,
 

Ethiopia, Personal Communication, February, 1969. 

2-298
 



AA A1. 

Figure 3.60 Self Helper tractor diskharro-In in Ethiopian highlands 
This 12 hp. tractor did a very acceptable job of breaking 
up a field of grass and weeds at the Debre Zelt Agricultural

Experiment Station in central Ethiopia. 
Self Helper and its
 
tools can be supplied disassembled to developing counitries.
 
It hds not been thoroughly tested and evaluated in Equatorial

Africa. 
 (Photo courtesy of R.P. Rooney, USAID/Ethiopia,

Addis Ababa, Ethiopia, April, 1969) (AFR-546.)
 

9. A 5 cm. outlet irrigation pump can be mounted on the front of the
 
tractor and belted to the engine. Capacity is 530 liters per minute. Weight
 

is 55 kg. and price $135.00.
 

10. A dump-cart kit, with load-carrying capacity of the 8 cm. channel
 
iron frane, is 680 kg. 
on new 500 x 15 tires and roller-bearing wheels. Rear
 
hinges and dump latch are included for local construction of the box. Weight
 
is 50 kg. and price 
is $75.00 for frame and wheels. Cost of local materials
 

to build a box in Ethiopia was $25.00.
 

b) Boshoff's Tractor In comunication with Makerere University
 
College, University of East Africa, the Team was 
furnished Information by
 
Boshoff on the assembly of several types of small tractors of 7 to 10 hp.
 

1 72
from standard components.
 The parts are purchased from countries which
 
offer the beat 
selection and prices; the intention is to distribute the
 
tractors to progressive farmers in developing countries. 
 Two tractors will
 
have mechanical transmissions and one will have a hydrostatic transmission
 

made by Bolens. 
 Tractors will be powered by Kohler, Wisconsin, or Clinton
 

engines.
 

17ZW.H. Boshoff, Agricultural Engineering Department, Makerere University

College, Faculty of Agriculture, University of East Africa, Personal Communi
cation, February, 1968.
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Boshoff's goal is to produce a basic tractor for about $550 to $600,
 

using local personnel to construct the chassis and mount the various purchased
 

components. Initially he plans to use 12 technicians, assisted by students
 

in off-se3-on, to build 40 to 60 units a year. With sufficient demand, he
 

hopes to get the government or private industry to take over the tractor's
 

assembly and manufact-ire. Along with the tractor, he plans to build or
 

furnish a rotary slasher and rotary cultivator for another $200 to $250
 

for a total price of $750 to $85U. Ine first of the three tractors is
 
173
 

aserbled and ready for 
tests. 

The approximate costs to build a small tractor in eastern Africa from 

Imported components without duty or profit and excluding dealers' margins are: 

Gearbox and transmission S 300.
 

Wheels, tires; axles 30.to 50.
 

Engine. air-cooled, 7 to 10 hp. 75.to 100.
 

Frume, steering, controls 75.
 

Labor and assembly 75t
 

Estimated total net cost S 555.to'600.
 

Handling by a dealer organization would require a reasonable mark-up
 

for Incentive to stock parts and properly service this equipment. The final
 

price to the farmer would be at least one-fourth more.
 

c) Economy Tractor Jim Dandy, standard model, is equipped with
 

12 hp. Kohler K 301 engine, front power-take-off, rope starter, hand brakes,
 

fenders, automotive-type steering, 400 x 8 front and 700 x 16 rear tires.
 

Weight is 287 kg. and list price $724 at factory, Wankesha, Ilisconsin.
 

Accessories needed are an equipment lift-lever ($15) and a rear toolhitch
 

($20). Some attachments available are a 25-cm. turning plow with coulter,
 

36 kg. (factory price $76); disk harrow, sectional adjustable, eight disks
 

40 cm. dimeter, weight 67 kg. ($168); cultivator and spring-tooth harrow,
 

six shovels, 105 kg. wide, weight 36 kg. ($42); ratary mower, 120 cm. cut,
 

three blades with guards, weight 78 kg. ($155). (Figure 3.61.)
 

3) Small Threshers
 

A number of important pieces of equipment available for the progressive
 

hand- and animal-powered farmer are small threshers, motorized back-pack
 

sprayers, grinders or hammer mills, seed cleaners and irrigation pumps.
 

17 31bid., March, 1969. 
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Figure 3.61 Econcmy (United States) "Jim Dandy" 12-hp. tractor with
 

the Self Helper
This tractor is similar to 


in concept with a complete line of small implements. A
 

little more elaborate and consequently more expensive it
 

incorporates 


rotary mower 


some features not essential to farmers in
 

developing countries. Whien properly applied and carefully
 

maintained it could do considerable work but like every
 

other machine it needs substantial back-up service and
 

logistic support. (AFR-511)
 

a) Carvie Mini-thresher Manufactured by R. G. Garvie and Sons,
 

Aberdeen, Scotland this unit can be produced by light industry in developing
 

countries under free license from the National Institute of Agricultural
 
174 


Engineering, Silsoe, Bedfordshire, Englan. The machine consists of
 

two basic units, the threshing- and grain-collecting assemblies, simply
 

constructed of angle iron and sheet steel. The total weight is 153 kg. The
 

thresher consists of a 30 cm. diameter steel drum with three rasp-bars and
 

an open-wire concave. The drum is driven by a four-stroke 2-1/3 hp. patrol
 

engine at a peripheral speed of 1,442 meters per minute. The material fed
 

into the machine by hand is ejected into the collecting box, where the straw
 

is manually raked away from the grain. Haynes reported:
 

With the recomended concave clearances and drum- speeds,
 

the anount of grain damage was found to be wall under one per
cent. The rate of output of threshed rice is very dependent
 
on the crop yield and the number of men available to feed the
 

machine. Under reasonable conditions outputs of the order of
 

1 74
National Institute of Agricultural Engineering. Mini-thUIeA, 

Bulletin No. 3, (Silsoe, England: Overseas Liaison Unit).
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450 to 680 kg. of threshed rice per hour were achieved, using
 
five operators. This includes all operations from picking the
 

175
 
cut rice up from the field to bagging up the threshed grains.


Many other varieties of crops including wheat, peas and beans have been
 

succesufully handled. Several nre in use In England as plot threshers at
 

research stations and seed merchants. Some 500 of these machines have been
 

used since 1964 by farmers in Malaysia.
 

b) Comparison of Garvie, Pioneer and Turner Small Threshers In
 
176
 

a test in Northeast Nigeria, Shambaugh reported:
 

1. The Garvie thresher was suitable for rice but did not work well with
 

other crops. It took a lot of man-power besides considerable machine work.
 

It was able to handle guinea corn and millet by running it through twice.
 

2. The Pioneer thresher was satisfactory for rice. The main problem
 

is that the straw walker does not move sufficiently. It cannot be used for
 

groundnuts since the straw will not move through the machine.
 

3. The Turner economy thresher did an acceptable job with grains and
 

can be used also for groundnuts by modifying the tooth cylinder. For a
 

satisfactory job, guinea corn and millet must be run through twice. It
 

would work better if it had a separate belt from the main pulley to the
 

cylinder so that the cylinder speed could be changed without affecting the
 

straw-rack speed. The latter can be varied only about 20 cy(:!es per minute.
 
177
 

Shambaugh suggests that a 46 cm. diameter main pulley be used.


c) Kyowa Double-drum Thresher This unit vas tested by the TANITV 
1 78  

in Tanzania on rice. It Is intended for rice, wheat and barley with straw 

cut long or short. The sheet-metal body contains two drums 70 cm. long, one 

32 cm. in diameter and the other 24.5 cm. diameter, both equipped with 

looped-wire threshing teeth. Two concaves of open wire have four cutting
 

blades in each chamber. The drum/concave clearance is 7.5 cm. nonadjustable.
 

Two threshing chambers are 38 cm. wide. The machine weighs 146 kg. and is
 

transported by two iron carrying rods. Power required was 6 hp. to operate
 

thresher at 720 rpt. The "closed medium" speed setting produced the best
 

quality sample with 98.53 percent pure clean grain and only 0.71 percent
 

broken kernels. Capacity was 52 kg. per hour.
 

1 7 5
 
Haynes. A 8U e6 Reuiw oO dia~tzaion ExpeAtnc, inCNo.te
 

Nig.esa, Appendix A, p. 13. 
176T.j. Shambaugh, Jr., Farm Industry Advisor (USAID) to Industrial 

Development Center, Samaru, Nigeria, Personal Comunication, November, lq68.

177 Ibid.
 

1 7 8 
U.Lstry of Aaricu.lture, Forestry and Wildlife of Tanzania, 1Tc6 Repott 

No. 19/66/67, (Tenguru, Arusha, Tanzania: Northern Research Center, TA1TU). 
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Testers concluded the high cost of machine and engine makes it uneconomical
 

for individual farms, but It is suited for cooperatively-run farms where the
 

crop is large enough to make the enterprise profitable. Modifications were
 

suggested for safety.
 

d) Small Stationary Thresher Many farmers in northwest Ethiopia
 

are threshing sorghum by hand. A few like Markos Sideris have small, old
 

Italian stationary threshers which they pull around from field to field.
 

The sorghum heads are cut off close to the top with machetes or sickles and
 

are placed in large piles scattered over the field. The thresher is belt

driven by a 45 to 50 hp. tractor and is hand fed by pouring baskets of grain
 

into the cylinder. The grain is removed and bagged by hand. (Figure 3.62.)
 

- - l 

Figure 3.62 Threshing in Ethiopia While most threshing is still done by
 

hand and animal trampling, a few of the larger farmers in the
 

commercial farming areas of northwest Ethiopia use mechanical
 

means. This Italian stationary Balouzzi-RovLda thresher is
 

being used to thresh sorghm. The heads are cut off by hand
 

and thrown in large piles. The threshing rig is moved once
 

or twice a day. Threshing capacity is 2000 to 3000 kq. par
 

eight-hour day. (AFR-153)
 

4) Sprayers and Dusters
 

a) Solo Junior 410 This is a motorized back-pack sprayer mist

blower made by Solo Kleinmortoren GMBH, Maichingen, West Germany. Powered 

by a 2 hp. two-cycle engine, it operates at 700 rpm. on about 0.93 liters per 

hour. The 8.3 liter liquid tank and frame are molded from one piece of
 

light-weight plastic and weigh 7.5 kg. complete with engine. 
 The engine
 

features the ignition magneto cast into the fan-wheel. The unit is very
 

compact and has thz center of gravity near the back of the carrier. A
 

valve in the air-hose acts as the throttle. To spray or dust, the valve is
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opened to accelerate the unit and closed to shut off the spray. The nozzle
 

has four settings for direct spray of 0.58; 1.08; 1.78;or 2.36, liters per
 

minute.
 

TAMTU ttsted this unit and reported the calculated velocity of spray
 

liquid was 66 meters per second, giving a coverage of 606 cubic meters without
 

nozzle and 354 cubic meters of effective delivery with it. The average
 

pressure of 10 pii gave 3.37 metels of spray mist and TAKTU says various
 

test3 proved the machine quite satisfactory: it was easy to carry; simple
 

to operate; and a wide range of volume adjuatmcnt to suit different crop
 

stages provided sufficient liquid dispersion for good leaf coverage. The
 

machine is rigid, its workmanship good and there were no breakdowns 
or
 

trouble of any kind.
 

TAMTU concluded,
 

If it sells at a [reasonable] price in comparigon

with other sprayers in the market, the "Solo Motor" will
 
prove extremely economical to Tanzanian farmers for all
 
its advantages listed . . . Recomendation: This machine,
 
given the necessary attention, will serve for the whole
 
cropping season trouble-free, and we woulu, therefore,
 
recomend it to farmers, particularly those investing their
 
money in cash crops and food crops of any kind, nd for
 

179
other applications, viz. tsetse control and forest husbandry.


b) lob Combi 423 Sprayer Duster This machine is designed for
 

either mist- or dust-spraying and is similar to the Solo Junior 410 but
 

slightly smaller in size. Powered by a two-cycle 1.5 hp. engine its empty
 

weight is 7.75 kg. 
and weight, filled with liquid, is 19.75 kg. TAMTU also
 
180 
tested this machine for suitability to Tanzanian conditions. They
 

reported leaf coverage weR 87 percent and said.
 

The implement proved satisfactory for the work it is Intended
 
for in conjunction with the following advantages: light weight,
 
simplified operation, sufficient liquid dispersion, 3pray pattern
 
being easily adjusted, good construction and workmanshlp . . .
 
Given the right attention as per leaflet provided (it) can be
 
trouble-free at a considerable economic usage. If the purchase
 
price is moderate the machine is highly recommended.18l
 

c) Silon Knapsack Mist- and Dust-blower This combination machine
 

designed for field and tree crops is manufactured by Metal Works, Nir-David,
 

Gilboa, Israel. Two mudels are available: L35 with 1.7 hp. engine operating
 

179

Ministry of Agriculture, Forestry and Wildlife of Tanzania, Tee Repoat
 

No. 12/66/67/A, (Tenguru, Arusha, Tanzania: Northern Research Center, TAMTU,
 
March, 1967).
 

80

' Ministry of Agriculture, Forestry and Wildlife of Tanzania, Tet Repo/Lt 

No. 12/66/67/B, (Tenguru, Arusha, Tanzania: Northern Research Center, TAHTU, 
March, 1967). 

181Ibid., 
p. 4.
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at 6000 rpm; Model L77 with 3-hp. engine running at 5000 rpm. The frame and 

blower are made of aluminum; and the liquid or dust tank from plastic. Air 

volume is 150 liters per second and fuel consumption wnder one pint per hour.
 

The blower features fast and simple conversion from sprayer to duster or vise
 

versa without tools. Empty weight is 11 kg. and prire in Ethiopia $128.00.
 

d) General Characteristics of Knapsack Mist Blowers The Tropical
 

Pesticides Research Institute (TPRI) has made extensive tests of spraying
 

equipment in cooperation with other research stations in East Africa. They
 

have published numerous reports and a general review of their work is con

taLned in a report made to the Specialists Comittee on Agricultural
 

Machinery in March, 1965.182 In general, they say of motorized knapsack 

mist blowers (Figure 3.63):
 

Engine speed decreases with increasing altitude and a
 

reduction of 10 percent can be expected at 5000 A.S.L. (feet
 
above sea level, equal to 1530 meters) . . . Measurements of
 
air velocity four feet (1.22 meters] from a stationary uachine
 
indicate that a 90 percent reduction in velocity takes place
 

at this point. A range of spray outputs is usually achieved
 

by fitting different restrictore, only four restrictors are
 
udually available. However, liquid output is critically
 

affected by the inclination of t.e lance (or discharge air
 
tube) being markedly reduced as tho lance is raised above the
 
horizontal level. Output falls to 60 percent of normal figure
 
when the lance is directed to the top of a 15 foot [4.6 meters]
 

coffee tree, and in some cases reduction in excess of 50 percent
 
occurs when lances are raised vertically . . . Droplet sizes of
 
mist blowers are, as their name suggests, much smaller than
 

those produced by conventional compression and hydraulic sprayers.
 
An approximate guide to their droplet performance is as follows:
 

for liquid outputs of 1-2 pints per minute and 2-4 pints per
 
minute, the main droplet size 1j in the range of 80-130 and 130

18 3
 
170 microns, respectively.
 

TPRI reported satisfactory control of disease and insects on coffee,
 

which is one of the main cash crops in East Africa. In Kenya, leaf rust
 

has been satisfactorily controlled by well-timed applications of copper
 

fungicides to arabica coffee, using approximately 93.5 liters per hectare,
 

while in Tanzania, applications of only 65.5 liters per hectare proved as
 

effective as conventional treatments of 1122 liters per hectare. In Uganda,
 

a 91 percent reduction of antestia has been achieved by applications of
 

approximately 168 liters per hectare (2471 trees per hectare equivalent).
 

182c.w. Lee, A Reui.ew o6 SpAigyn XfadneA. TyZ.L in Ea A 4ici, 

Miscellaneous Report No. 500, (mimeographed) (Woro,Kenya: Egerton
 

College, Agricultural Machinery Specialist Committee, 1965), p. 6.
 
1 8 3 

Ibid., pp. 3-4.
 

184Ibid., 
p. 4.
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Figure 3.63 A Solo mist blower used by the Plantation Crops Department

of the University of Science and Technology at Kumasi. 
Ghana These motor driven back-pack units are very effective
 
for small plantations to cintrol insects and disease in
 
cocoa, coffee, tea and other crops. They are available from
 
German, Dutch, English and Japanese manufacturers, and are
 
used extensively in eastern Africa for insect control in
 
coffee and cotton. (AFR-166)
 

5) Grinding and Processing Equipment
 

a) Small Scotmec Popular Hammer Mill 
 The mill has eight swinging
 

hammers directly coupled to e Briggs and Stratton 3 1/2 hp. four-stroke petrol
 

engine. Mounted on a pipe pedestal with tripod base, it has a sheet metal
 

feed hopper and direct bagging attachment at the bottom of the mill. Full
 

circle screens are sized from 0.59 to 12.7 o. dimeter holes. Haynes re

ported that the hammers are reversible four times and total life should 
excerd 35 tons of grinding. This mill is reported no longer manufactured 

but similar models are available. Price was $224 for the mill and $8.40
 

for extra screens in Nigeria.
 

TABLE II. 23 OUTPUT OF SCOTET POPULAR HAMMER MILL WITH 3 1/2 HP. PETROL 
a
 

(GASOLINE) ENGINE


Screen size Output of flour Fuel consumption
 

kg./hr. liters/hr.

0.59 mm. hole 170 kg. 
 2.65 liters
 

1.04 mm. hole 
 218 kg. 2.27 liters
 

a aynes, IlneAm Repott on Te.6 on Ox-d&aun ImptemnU 6 G.'owtdnu Li e, 

p. 79.
 

2-306 



One pass through the mii with 1.04 m. screen gave flour comparable
 

to that obtained with two passes through a plate mill. It can grind dry
 

guinea corn, millet and maize. Soaked guinea corn, maize and groundnuts were
 

ground satisfactorily when extra water was fed into the hopper. In conclu

sion, Haynes says, "The Scotmec Popular Haer mill has about the sae out

put as n plate mill with an 8 hp. diesel engine and is suitable for similar 

duties." It is recommended for milling for human consumption with the 1.04
 

mm. hole diameter screen and for milling small quantities of stock feed wizh
 

the 6.35 m. hole screen 185
 

b) Kirloskar and SISCOMA Groundnut Decorticators Dr. W. D. Wadhwa 

in Ghana is selling several models of power-driven groundnut shellers impor

ted from India as well as other processing machines. He plans to manufacture
 
186
 

the Indian models in Ghana.
 

Kolyan A can be hand-operated or powered by a 5 hp. engine. The sug

gested engine is the Kirloskar water-cooled vertical diesel AVI running
 

at 
1500 rpm. Capacity of the machine is 650 to 700 kg. of groundnut pods
 

per hour. The price in Accra is $1,030.00 with a 5 hp. engine.
 

Kolyan, a power-driven groundnut decorticator has a separator and brack

ets for removing clods and stones from groundnut pods. The suggested engine
 

is the Kirloakar water-cooled vertical diesel model JUZ rated at 13-Bhp at
 

1500 rpm. Estimated capacity is 1000 to 1300 kg. per hour. The price in
 

Accra is $2,530.00 with engine.
 

SISCOMA Super Victory decorticator is a rotary decorticator powered by
 

a small engine or by hand. Output is 140 to 160 kg. per hour with 88 to 92
 

percent of the nuts commercial saleable, 7.5 percent cracked and damaged and
 

1 to 2 percent waste. Current price is unknown.
 

c) Wadhwa Cassava Grater Manufactured locally by Agricultural
 
Engineers Ltd., in Accra, this machine is an original design by Dr. Wadhwa.
 

It is suitable for making starch, mashed yam, ga4i, hoIonty, and moAA. It
 

has three circular plates for grating coarse, fine or superfine. With a
 

5 hp. engine its cassava output ia 900 kg. per hour. The Accra price with
 

the 5 hp. Kirloskar diesel engine is $687.00 or $192.00 without engine.
 

(Figure 3.64.)
 

d) Palm-nut Crackers The Wadhwa cracker is another orginal
 

machine made by Wadhwa. Powered by a 5 hp. engine at 1500 rpm., its
 

8 5

1 Ibid., pp. 79-80.
 
186W.D. Wadhwa, Managing Director, Agricultural Engineers Ltd., Accra,
 

Ghana, Personal Comunication, November, 1968.
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Figure 3.64 	Wadhwa's cassava grater: Accra, Ghana Wadhwa's prototype
 
model of a cassava grater powered by a 5 hp. water-cooled
 
German-made diesel engine of Indian design has a capacity

of 900 to 1800 kgs. per hour. The cassava roots are fed
 
Into the top against the vertical grating cylinder and
 
discharged out the bottom one side. (AFR-257)
 

estimated capacity is roughly 500 to 700 kg. of nuts per hour. The price in
 

Ghana with Kirloskar engine is $730.00.
 

The SISCOKA "Colin" cracker, a portable self-contained cracker, has been
 

developed by SISCOKA with the cracking hammers mounted directly on the engine
 

crankshaft mounted on wheels. The entire unit weighs 139 kg. Powered by a
 

3 hp. engine with a special air filter its output Is 300 to 400 kg. of nuts
 

per hour. The quoted- price in Dakar was $506.00.
 

e) Maize Shellers Several models are being sold in eastern and
 

western Africa but detailed specifications were not available.
 

The Wadhwa sheller is power operated; the price with engine is about
 

$245.00.
 

The Amiran maize sheller, a simple platform-mounted single-ear sheller,
 

is available from Alda Ltd., an Israeli Company with branches in eastern
 

Africa. Powered by a small 2 1/2 hp. Clinton engine, it has an estimated
 

output of 400 to 450 kg. per hour. 
The price with engine is about $260.00 

in Ethiopia. It Is light enough to be moved around from farm to farm by four 

men. 

f) Sugar-cane Crushers The Koyna is a horizontal three-roller 

model powered by a 5 hp. engine; the capacity is 320 to 430 kg. of sugar cane
 

per hour. The price with thL Kirloskar 5 hp. diesel engine is about $1,310.00. 
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The Sharat No. 2A is a horizontal three-roller model powered by a 10 hp.
 

engine, with 	a capacity of 545 to 680 kg. of sugar cane per hour. The price
 

with the Kirloskar 10 hp. diesel engine is about $1,752.00.
 

g) Irrigation Pucps There are several types of p,,ps.
 

The Kirloskar diesel pump Set No. 1, sold by Agricultural Engineers Ltd.,
 

Accra, Ghana, is an end-suction, single-stage, horizontal bareshaft centri

fugal pump. 	 It is mounted on a common base and coupled to a Kirloskar cold

starting, water-cooled, single-cylinder, compression-ignition, four-stroke
 

cycle diesel engine. The pump is water cooled with a suitable screw and 

foot valve. 	The capacity of the 7.6 x 7.6 cm. centrifugal pump at 9.2 to
 

16.8 meters of total head and 1500 rpm. is 379 to 928 liters per minute.
 

The Ghana price with engine is $606.00, plus $60.00 for accessories consis

ting of 7.6 meters of suction hose, 15.3 meters of delivery hose and bends
 

(Figure 3.65.)
 

C"'. 

Figure 3.65 	 Kirloskar (Indian) diesel-powered irrisation pump seen in
 
Ghana This type of pump with self-contained engine can be
 

.,, one the limiting,...A fnr 	 lvine of major factors to in
creased production in Equntorial Africa. Throughout the
 
tropics there dre .ew are.s which receive sufficient rainfall 
for year-round crop production. Distinct wet and dry seasons
 
reiltre development of water resources if more than one crop 
is to be grown and if adequate control is to be exercised 
over high-val-ie crops. .High-yielding varieties which make 
maximum use '! fertilizer and other agricultural inputs can 
be gr.wn in multiple-cropping programs if irrigation can be 
suppli!d at re.sonible costs. (AFR-365) 
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Th.:Kirloakar diesel pump Set No. 2 is similar to 
the pump above except
 

for a 6.4 cm. x 5.1 cm. bareshaft centrifugal pump. At 1500 rpm. against
 

a total head of 12.2 to 21.4 meters, the discharge output is 303 to 530
 
liters per minute. The price is 
$606.00 plus 	$60.00 for hose and couplings.
 

The Singer Company markets a small direct-drive centrifugal irrigation
 

pump with self-contained engine and stand, in addition to the outboard-drive
 

models used with the "Landmaster" two-wheel tractor. Various outputs are
 

available for agricultural and domestic purposes. The price of a 5 by 5 cm.
 

irrigation pump without engine is about $175.00.
 

The Middle Awash Settlement Scheme in Ethiopia uses four diesel engine
 

powered portable Same pumps for pumping water into a main canal for 
flood
irrigating maize and cotton. 
Pump capacity is approximately 3030 liters
 

per minute. (Figure 3.66.)
 

A.. 

Figure 3.66 	 Melka Werer Research Station pumping site on the Awash River
 
The concrete apron on which the pumps stand is being ex
tended and the gradient in the oreground concreted. This 
permits the pumps to be easily raised when the river floods. 
This area receives only 10 cm. average annual rainfall so
 
that water supply and control are major factors in the
 
dzvelopment of the fertile soil. (AFR-224)
 

6) Output, 	Power, Capacity and Labor Required
 

a) Small TrauLuts: T--haeled For the Titan Merry Tiller, 

according to Cooper, rate of work varied from 47 to 950 square meters per 
hour according to the type of work done, soil conditions, depth of work and
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experience of operators.
187 

Fuel consumption varied from 0.43 to 1.04 liters
 

per hour. The power unit was considered adequate for general conditions -,ith
 

the V-belt drive used at its lowest speed to produce a satisfactory tilth. 

When the high speed was used, there was a tendency to break the soil-crumb 

structure and overload tht engine if six rotors were used to depths of over
 

15 cm. at high altitudes. With -,:,.rd to capacity and effectiveness for 

farm operations. Cooper said: 

After rain fell, the soil was worked to a depth of ahout
 
15 cm. During aeLondary cultivations, thick lush stands of
 

weeds up to 15 cm. high (mainly atr.a,1hU,, M exican marigold
 
and ctcaveu ) were satisfactorily chopped and mixed into the
 
soil with very little bloc:age. An old pasture field, which
 
was badly infested with wire gra..s 'tussock,' had been plowed
 
two months pr-iously with a ,!!sk pleugh and left In a rough
 
state, was broken down and left in suitable condition for
 
planting In one pass. Inter-row cultivation of maize wa;
 
carried out efficiently after the rtai ze plants had reached tile
 
height of 15 cm.; the soil 'cap' was effectively broken and most
 
of the weeds were destroyed.
 

The movement of soil to the plants w.t; .i :ood fe.ture in
 
smothering weed growth between tle plhnt:; .tit: for the preven
tion of soil erosion, but when dent -hie 6"1:v il. ;:, seedlings
 
were very small, there was a danger i: -,v:atLcri:ig ther,. Traction
 
was good in most coditions but 'flt fly' patches in volcanic
 
soils caused the achii;. to dig in ind occasionally required a
 
little help from l-ctoperator to :.aintaln forward novement. 188 

The only availal , .:.tta on :.Otr.e tytl .11 field Lap.c LtIC .111dutptiits0 
18 9 

for the Landmaster 150 tractor were reasured by Rao (opcratoti In India): 

1. Dry-land Moldboard Plowiing: Capalcity per eight-hour dv'. equai', 

0.2 to 0.4 hectares per day. Ti.t was about 20 to 30 hours per hectare for 

verage light-soil conditions, and up to 37 hours per hectare or moret under 

severe conditions.
 

2. Puddling and Leveling Rice addy: About 0.4, to 1.4 hectares per 

day or 6.0 to 20 hours per hectare; actual time on different soils varied
 

from 5.5 to 24.7 hours per hectare.
 

3. Ridging: The output was about 1,225 meters of ridge per hour when 

conditions were favorable. Ridge size was 27 cm. from botto, of furrow to
 

crest on plowed lp'd.
 

4. Rotary Cultivating: Output was 0.4 to 0.8 hectares per day under
 

cost conditions, dropping to 0.27 hectares per day when going was difficult.
 

1 8 7 
Cooper. Te.t Repoaf ci a Wathigg T.actc.*, p. 1. 

189Ibid.
 

189E.G.K. Rao,'.hlCkiachantf(-uci d S60CS4-Hteditiys Hfaving Iitcwiive Cutt
vatioti o CAop. atid ,5o.t hteCy, Aca, (New Delhi: India Agricultural Research 
Institute, n.d.)
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Actual time ranged from 10 hours per hectare up to a high of 29.6 hours. 

Farmers In the Meru area of Kanya are cultivating around their coffee and 

fruit trees. Perkins says they can cover 0.8 hectares per day containing 

700 trees at a fuel-cost of 9.36 liters per hectare or about $1.40 per hectare.
 

To hire this work done by hand cost 10c per tree for 700 trees or $71.00.
 
a day. 190
 

One Landmaster tractor also can weed 1.2 hectares 
of sugar cane 


5. Irrigation Pumping: At 2500 to 3500 rpm. engine speed, the 5 cm.
 

outlet pump delivers according to the manufacturer:
 

180 liters/min. against 21.4 meters total head
 
360 liters/min. against 16.8 meters total head
 

450 liters/min. against 12.2 meters total head
 

6. Crop Cutting: With 91-cm. cut at low speed, capacity is 1.6 hectares
 

per day or five hours per hectare.
 

7. Threshing: Up to 1,360 kg. of rice can be threshed per hour, depen
191
 

crop.

ding on yield, dryness and maturity 

of the 


b) Small Tractors: Four-Wheel Test reports or data on work capa

cities of the smaller four-wheel 7 to 12-hp. riding tractors were not avail

able in Africa. Apparently no one has tested their suitability for use by
 

small farmers. While it is believed they have a place under conditions of
 

good local service and with proper training, no operation costs or capaci

ties are available to substantiate claims. This is an area of investigation
 

sorely needed and one which could be conducted effectively by national research
 

centers or investigative groups.
 

7) Skill and Management of Small Tractors
 

a) Small Tractors: Single-Axle Two-Wheel In a test of the Titan
 ,
192
 
Merry Tiller, Cooper 

says,
 

A.64Lz troat moto4Zized c&uiato4, the quati-y o6 wo'tk
 
depended & vgeyl on the ope'atoa'6 dc.i'e to poduce good
 
Ae.uLU. Under the conditions encountered during the test
 

the machine was capable of producing good work, and at no
 

time was the tilth over-worked. When used to break Rhodes
 

grass and Kikuyu grass pastures, it was necessary to reduce
 

the number of rotors to four to achieve penetration. Most of
 

this work was done when the ground was in a hard dry com

pacted state in preparation for the main growing season, thus
 
the penetration was restricted to 7 to 10 cm. but, while this
 
task was tedious, the grass kill was most effective.
 

190
 
Kenneth Parkins, Landmaster Agent, Singer Sewing Machine Co.,
 

Nairobi, Keltya, Personal Communication, October, 1968.
 
191Ibid.
 

192S.W. Cooper, Te.t Repoa& on a.Waki.ng Tutot)t, p. 1. 

(Italics added by author of this Chapter.)
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Generally, the made.ne wa6 e ay to handte by expvienced 
ope a.toAu; moat operators became failiar with its handling 
characteristics after about one hour's practice. It was found
 

that an operator could control it very accurately for inter

row work; if there was any narrowing of the rows a rotor could
 

be removed in one minute thereby reducing the working width
 
of the machine. In a similar time the machine could be con
verted to its original width.
 

When working on sloping land the machine was easier to
 
handle by working downwards across the slope. Slight side

ways movement assisted penetration in hard conditions.
 

In using small tractors or rotary cultivators like the Landmaster 150,
 

good judgment and common sense are required to adapt the machine to special
 

conditions and to obtain the best performance. These small machines have
 

adequate power when properly applied. First-hand experience in the field
 

is the best way for farmers to learn, but certain pointers can be taught to
 

the beginning operator to avoid unnecessary difficulties and frustrations.
 

The proper selectiun and use of tools and attachments properly matched to
 

soils, vegetative conditions, engine-power, and speed will provide satis

factory performance.
 

In dry-land plowing, when weighted rubber tires will not grip, steel
 

plowing wheels can be used at slow speeds. In wet-land plowing in very
 

stiff soil, wheel weights can be used with rubber tires to advantage;
 

in very soft soil a wide puddling-wheel (about 45 cm.) can be used on the
 

left side only. In rotary cultivation curved blades are best for medium
 

soils, inter-row weed control and shallow cultivation. Slasher-type blades
 

are needed for heavy, hard soils, heavy, wet clay soils and heavy weed growth.
 

Blades should be staggered to form a spiral around the axle. The proper
 

height in walking tractors is important to the operator's comfort and control.
 

If too high or too low early fatigue will be caused. In threshing, maximum
 

efficiency depends upon feeding the crop into the cylinder evenly anJ con

tinuously. The correct concave to drum clearance must be set at the recom

mended distance (6.3 mm. for rice on the Landmaster thresher) for proper
 

threshing. The engine also must be regulated to give the proper speed of
 

1500 rpm. under loud. In operating small two-cycle engines, the correct oil
 

and gas mixture must be used and kept absolutely clean. A special container
 

should be used to prevent confusing the fuel mixture with other materials
 

Under dusty conditions,
such as insecticide, fly spray, oil or plain gasoline. 


air cleaners must be serviced frequently, especially units located close to
 

the ground on small tractors. This may require more than one daily service.
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Large Engine-powered Machinery
 

1) Tractors
 

The most common tractors in Equatorial Africa are the standard utility

type four-wheel tractors with 50 to 65 hp. diesel engines. Some tractors
 

are equipped with four-wheel drive, including the Same, Fiat, Universal
 

and Utos. The trend is toward large tractors. Distributors in Ethiopia
 

and East Africa report the major demand is for the 65 hp. size, with prefer

ence in many places for the recently introduced 70 hp. models. Wherever
 

tractors are properly managed and maintained on commercial-type operations,
 

maximum use is made of skilled operators by increasing tractor size.
 

In Kenya. for example, one large farmer replaced four smaller 45 to
 

50 hp. tractors and four operators with one large 110 hp. tractor and one
 

man. The farmer stated that more work is done at a substantial saving in
 

operating and labor costs.
19 3 

Th s applies only to large farms generally
 

operated by expatriates. These faimers also have organized their farms to
 

complement the use of large machinery by making long fields, generally of 20
 

hectares or more; by providing good access; by clearing fields of all ob

stacles; by making land improvements such as drainage ditches to minimize
 

wet spots and by building diversion terraces and bunds for water control.
 

These large tractors (110 hp.) are used primarily for plowing and land
 

preparation. The farm unit has to be large to eploy them economically, or
 

they have to be used on contract work for others. Several large contractors,
 

private Swedish and Asian as well as the Ministry of Agriculture in Kenya,
 

have purchased large units to plow land for the Masai Wheat Scheme and land
 

formerly farmed on a share cropping basis.
 

For the larger African farmer or farmer-contractor in eastern Africa, 

the middle-size 50 to 65 hp. model is ample to meet most requirements when
 

properly operated and fully utilized. (Figure 3.67.) Unless the contractor
 

can find enough work on large farms, or plow large blocks for group or
 

cooperative farms, he will not be able to effectively employ a larger tractor
 

unit. There will be too much time lost in turning, starting and finishing,
 

traveling between small lots, and wasted making agreements and trying to
 

collect bills. In northern Nigeria where the soils are quite light, Ifewitt
 

said the small 45 hp. tractor such as the HF-135 was the most popular size.
194
 

Under these conditions, especially where tillage depth is limited by shallow
 

19 3

C.M. Downing, FAO Machinery Advisor, Ministry of Agriculture,
 

Nairobi, Kenya, Personal Communication, October, 1968.
 
194P. Iewitt, Ceneral Manager, British East and West Africa Company
 

(Massey-Fergunor) Apapa, Nigeria, Personal Cortunication, November, 1968.
 

2-314
 



Tractor use in Ethiopia Some Ethiopian farmers are purchasing
Figure 3.67 
modern implements and tractors. Tw.oemployees are drilling 

cabbage for seed on a private fnrm north of Asella in south 

central Ethiopia. They are seeding without 
fertilizer al
been made for deficient elements. The
though tests have not 

concepts of row planting and mechanical sowing are new to 

most farmera and represent major changes. (AFR-232) 

much ground as the larger 65 hp.
topsoils, this tractor can cover almost as 


tractor working heavy, sticky, or hard clay soils at 
the high altitudes
 

found in many parts of eastern Africa.
 

In Ghana. most of the wheel-tractors are Czechoslovakian Zetor Super

to
50's owned by the government. They were purchased in the early 1960's 


50 hp. in size;
provide a tractor-hire service to farmers. These units are 


and when properly maintained and used with suitable implerents in good re

pair, they are capable of doing satisfactory work. Unfortunately, maintenance
 

has been deficient and certain critical parts rc'ain in very short supply

195
 

so that a majority of the tractors and implements are unserviceable.
 

(Figure 3.68.)
 

The same situation exists to a lesser degree in Nigeria where most of
 

the tractors and machines are F-itish or Arerican. Hany units are in dis

repair because of parts shortages due to import restriction, too many makes
 

a result of the current situation.
and models, and lack of finances as 


95

1 ax Starnes, USAID Farm Machinery Advisor, Survey of Northern Region,
 

Ghana, Personal Comunication. October, 1968.
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Figure 3.68 
Tractor repair workshop A few of several hundred 35 and
50-hp. wheel tractors brought in for repair from Workers
Brigades, Resettlement Schemes, Mechanization and Transport
Pools, government State Farms 
in the Northern Region of
 
Ghana. Most of these have less 
than 1000 hours of use and

have been out of service for 3-6 years. Tires, tubes, bat
teries, generators, injectors and injector pumps are 
criti
cal items in short supply. (AFR-261)
 

Preventive maintenance is 
a major problem throughout Equatorial Africa.
 
In Setit-Humera, Ethiopia, the average farmer claims 
use of his tractor
 

about 1,000 hours per year, providing there are no breakdowns necessitating
 
long repairs. 
The owner of the largest farm with 6,500 hectares, reported
 
he averaged 1,800 hours per year per tractor with 20 tractors. The average
 
life of his tractors is five to six years or about 8,000 to 
10,000 hours.
 
After the second year of operation, at 3,500 to 4,000 hours of use, he
 
overhauls each tractor completely; and thereafter every 2,000 hours. 
 All
 
major repair work is done at a private garage in Asmara. In 1967/68, it
 
was difficult to purchase oil filters and fan belts, but 
this should be
 
rectified in 1969 with the establishment of at least four major repair and
 
service shops in Humera. Setit-Humera is a unique 
area of development
 
and the largest farmer's record is 
far above average; the average Ethiopian
 
famer in this 
area probably averaged only 50 
to 60 percent service life.
 

2) 
 Tillage Tools and Practices
 

a) Two-Spring Disk Plows 
 Until 1967 the 
tractor disk-plow was used
 
almost exclusively in eastern 
.Africa and by the large plantations in Ethiopia.
 
Since that time, a number of fi ms 
have tried and accepted moldboard plows.
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Minto, Cooper, Downing and others still feel ther2 is a place for the disk
 

plow in Kenya; and one, the Buff'lo, has been tested and rated as very good
 
t96
by the Kenya Agricultural Machinery Unit. (Figure 3.69.)
 

In Ghana and Nigeria, the disk plow also predominates. The land requires
 

2 to 3 disk ha-rowings in order to prepare it. However, these repeated
 

dLskings tend to overwork the soil and thus subject it to erosion.
 

Figure 3.69 Buffalo (Kenya) heavy-duty disk plow made by small metal shop 
This plow Is an example of rn agricultural tool built in 
eastern Africa which has successfully competed with major
line manufactured imported tools on the basis of quality and
 
price without reitrictive tariffs. Tested by Kenya Agricul
tural Machinery Unit this tractor Implement performed very
 
well and proved its suitability to East African conditions.
 
(AFR-517)
 

b) Moldboard Plows Tractor plowing contests in Kenya, brought
 

quick acceptance of moldboard plows due to rheir superior job of turning and
 

burying trash. With the same horsepower tractor, they also increase the
 

cutting width and the effective output of the tractor under good :onditions.
 

Because the moldboard does a better job in grasslands, it makes it possihle
 

to prepare land for planting with only one disking. After comparing the
 

results of the plowing contests, quite a few contractors bcan,offerinR
 

ooldboard plowing and charging more for it. (Ftgure 3.70.) Wlku the
 

tractor-hire services do a good job of plowing. th.thand fngwer 'ti e.-lly
 

prepare the land for planting and lie iswilling tn pay iore. Ta:r falr 

and plantations, like Tendaho in Ethiopd. also a-e :!ptitig the aoldl,:ird 

plow.
 

196S.W. Cooper, E .ep6v4o o Opn n.,, Report No. 866, ('etya Agrlcul

tural Machinery Unit, n.d.).
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Figure 3.70 Moldboard Plowing in East Africa Student from the Narosurr&
 
Farm Mechanization Training Scheme used this Danish plow to
 
win the South African world plowing contest in 1967. The
 
plow is being tested by the Kenya Agricultural Machinery
 
Unit. In addition the effect of different types of tillsge
 
(disk plow versus moldboard) upon crop response is also
 
being studied. (AFR-105)
 

c) Offset and Tandem Disk Harrows In Kenya the Tractor-hire 

Service has founc the heavy-duty offset disk very effective in the assai 

Wheat area. After disk plowing, the land is disked once or twice depending 

upon its conditicn. Downing says the best harrow to use with the Ford 5000 

67 hp. tractors is the French-made International Hsrvester F-29 B, single

offset 285-cm. wide disk. (Figure 3.71.) Tandem transport-type disk harrows
 

are used in many operations.
 

d) One-way, Wide-level Disk Harrow In large open plains areas of
 

Ethiopia and Sudan, this tool is very pcpular. Iz is used on the vertisol
 

soils which require only minimum tillage. Its primary purpose is to control
 

weeds and to fill the deep ccacks which oLcur as the soil dries out. Several
 

cormol, mskes are John Deere, Hassey-Fergusan, Cockshutt, and Nardi. The 

harrows generally have 18 to 24 disks 45 ca. in diameter and the average width 

of cut is 3 to 3.6 meters, respectively. (Figure 3.72.) 

C) One-way Disk Plows In K,.nys the large, one-way, Australian 

Conner-Shea disk plow does very good work in the mellow, friable wheat-land 

soils which pulverize easily. Each of the 24 disks is independently sprung, 

makitg it particularly good on slightly rolling land. It works best at a
 

specd of 5.6 km. per hour. (Figure 3.73.) While quite expensive, it is very
 

well-constructed and does an excellent job. Downing states that it triples
 

the output of the Fcrd 5000 compared to the regular four-furrow disk plow. 197 

1 9 7
Downir;g, op. c.t. 
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Figure 3.71 

Figure 3.72 


Scee Diskng for secoindDisk harrow ued in Massi Weat 
Tis type of dsk

(1968) crop on lad first plowed in 1967. 

harrow is popular with expatriate faoers and is being manu-

Te Minstry of Agriculfactured in Knya by three firs. 
land from the asoi tribes, and does the 

ture rnts the 7: r".;0. arketing for

organizing, planning, operating, producing and 


of sale the OA charges the farersthe crop. At the tme 
the gross


the actual cot of production and takes it out of 


crop receipts. (AFR-l00O)
 

.5.. . 

in Ethiopia
diDs harrow British) use 

Oe-way. wide-level 


is thoeonly tillage implment used
 
This implement
and Sudan 
 for the produc

in northwest Ethiopia and in parts of Sudan 


cotton and sesme. The rich Vertsols tend
 
ton of sorgh, 
 Prepr

they crack when they dry out. 
to be elf-mulchng as 

the next crop at the beginning of the 

ation for seeding 
the cracks be filled
 

rainy season primarily requires that 

good system of cultivationued in a

and weeds killed. ren 

limits of a
 

can be controlled withn the 
practices, weeds broadcast
 
inmt tiLLage progra. 
 In Ethopa. the seed i 


as the fnial operation.

ued for covering
and this s~e disk 


(AFR-L3) 
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Figure 3.73 	Australian-built Conner-Shea disk plow bexit useo on Masai 
Wheat Scheme in Kenya The operation will disk under a heavy 
volunteer crop of wheat in preparation fcr drilling. This 
land was disk plowed the first time in the 1967 season and 
this is the second time it has been plowed. The soil pul
verizes very readily and reduces to fine dust if dry and 
overworked. The 14 independently sprung disks follow the 
rough ground 	contour and do an excellent Job of breaking
 
the land to 10 or 15 cm. The capacity of a 60 hp. tractor
 
is greatly increased with this tool over the conventional
 
3 or 4 furrow disk plow. (AFR-99)
 

Figure 3.74 	 Large chisel plow (Australian) used in wheat production: 
Tanzania In the semi-arid region of northern Tanzania, the 
Northern Research Station of the Ministry of Agriculture, 
Forestry and Wildlife has shown that high yields can be 
obtained with minimum tillage. This special tillage tool
 
leaves nearly all of the stubble and vegetation on top.
 
conserving moisture and protecting the highly erosive soil
 
from wind and water. A syatem of contour strip cropping
 
is also employed so that'only about 50 percent of the land
 
is in crops at any one time. (AFR-508)
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f) Chisel Plows There has been marked interest in chisel plows
 

for the arid and semi-arLd regions where moisture conservation and wind
 

erosion are critical. For trash mulching to leave most of the vegetation
 

on top, the chisel plow performs very well. (Figure 3.74.) McCartney at
 

the Western Kilimanjaro Research Station in Tanzania got excellent results
 
198 
with this ntethod and strip tillage. 40 to 60 percent of the land area is
 

plow,.! .ith half-year and planted in wheat. This is done in contour strips, 

so that .t any time half the land is under cultivation and the rest under 

a heavy stubble mulch. Results show Increased wheat yields, better soil 

tilth, higher moisture retention, and protection from wind and water erosion. 

This system compares favorably with the action of the indigenous plow 

exce'pt that it can be done more quickly and effectively with tractor power. 

Leeper penetration is secured and only one operation is required with the 

larger tools. Seeding is done by dropping the seed into the mulch and harrow

ig It in with .i long rigid-tooth flexible harrow pulled directly behind the 

simplified seed drill without furrow openers. 

g) Bornu Complete Tillage Machine This special tool was developed
 

by Shazbaugh at 1aiduguri, Bornu Province, northeastern Nigeria after five
 

years of adaptive research and field trials. (Figure 3.75.) It is a simple,
 

basic and rugged machine to be used with a standard-size, four-wheel, utility

type tractor with Category II three-point hitch for full mechanized farming
 

in developing countries. It is capable of providing almost any degree of
 

mechanized assistance to hand- and animal-powered farmers through a contract

hire service or when operated by a farmer-contractor for his neighbors. A
 

complete description, including assembly instructions and parts is given in
 
199
 

a special report.
 

Shambaugh says the Bornu Complete Tillage Machine, with the attachments 

described, can handle all tillage operations from initial breaking through
 

the weeding of row crops up to 1.5 m. tall. He reports that the cost of
 

the complete machine equipped to do primary tillage, weeding and fertilizing
 

is $1,003.00 for st.ndard implement parts, plus about $12.00 for locally

made parts, for a total cost of $1,015.00 including freight to Nigeria.
 

198J. McCartney, Agricultural Research Officer, Tengeru Northern
 

Research Station, Tanzania, Personal Communication, October, 1968.
 

199Shambaugh, BoiuTU Compte.te Ttta.e Aachine, p. 18. 
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Figure 3.75 
Bornu Complete Tillage Machine (USAID/Nixerip) Developed

by Shambaugh in northeast.rn Nigeria, this multi-purpose 
tractor-powered toolbar is assembled from standard manufac
tured parts. 
 It can be used to assist the hand- and animal
powered farmer as well as doing the corplete job of mech
anically tilling, planting, cultivating and harvesting 
groundnuts. Only a few special attachments and mounting
brackets are needed to adapt the tools to a standard-model
 
farm tractor. With two row coverage its average capacity

is approximately 1 to 1.5 ha./hr. te overall cost for the
 
toolbar and attachments 
for tillage, weeding and fertilizing

Is about $1,015 including freight to Nigeria (1968 prices).
(Photo courtesy of T.J. Shambaugh, Jr., USAID/Nigeria, 
Industrial Development Center, Zaria, Northern Nigeria, 1969) 

Figure 3.76 Seed-box attachment for one-way wide-level disk harrow 
A
few seeder attachments are found In northwest Ethiopia but
 
none are currently being used in the Setit-lu-era area. 
The farmers say they waste too much seed, are not accurate
 
enough to give good stands 
or too costly because they need
 
so many units to cover their large areas In a short time.
 
As a result cotton, grain sorghum, and sesame are all
 
broadcast by hand and weeded with a hand hoe since mechani
cal cultivation is not possible. 
After two or three years

of croppIng most farmers complain of greatly reduced yields
 
even though the soils are 
fertile. Uncontrolled weeds
 
appear to be the major cause. 
 Farmers in Sudan are reported
to be successfully using these seeders for sorghure and 
sesse production. (AFR-14)
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3) Planting and Seeding Tools and Practices
 

a) Seed-box Attachments for One-way, Wide-level Disk Harrows
 

Although a number of Ethiopian farmers have these units they are not being
 

used for sowing sorghum, sesamc or cotton. (Figure 3.76.) One large farmer
 

with three units said he would have to have a minimum of nine more to get
 

his seeding done on time. lieprefers to use 30 to 40 men broadcasting by
 

hand and then covering the seed with the wide-level, one-way disk harrow.
 

Similar units are used for seeding, however, in other countries such as Sudan.
 

b) Four- and Six-row Toolbar Planters The Tendaho Plantations in
 

Ethiopia are able to plant 20 to 25 hectares per 12-hour day with a four-row
 

planter on 90 cm. spacings. No fertilizing or spraying is done in this opera

tion. Converting the planters to six-row units by extending the toolbar and
 

adding half of another four-row planter, they were able to increase the effec

200  

tive capacity to 35 hectares per 12-hour day. (Figure 3.77.)
 

Six-row planter made from modified four-row planter in
Figure 3.77 

Ethiopia Where fields are large and long, level, free of
 

obstruciions, wet spots and other hazards, a marked increase
 

in cape.:ity and efficiency can be achieved by skilled
 

operarjrs with larger equipment. Tendaho Plantations achieved
 

a 200 to 300 percent increase in field capacity with four

row planters from 1966 to 
1968. In 1968 the introduction of
 

the aix-row machine in place of the four-row further increased
 

output 50 to 75 percent. While part of the results were
 

obtained with better physical equipment and facilities, ouch
 

of the credit goer to machinery operators who knew their jobs,
 

properly maintained equipment, and kept idle time to 
a
 
minimum. (AFR-492)
 

2

O0Michael Harley. Farm Equipment Supervisor, Tendaho Plantations Share
 

Company, Addis Ababa, Ethiopia, Personal Communication, September, 1968.
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c) toe Drills for Rough Land Wheat-seeding In prepnring virgin 

land and reclaimed land In the Masal Wheat Scheme in Kenya, nowning reported
 

that good plant stands were impossible to get using the disk plow and Stan

dard seed drill. The disk drill rode over the top of the rough surface, and
 

the seed germinated prematurely or seedlings failed to survive. The yield
 

was reduced and wind erosion encouraged. The usaeof an independently-sprung 

hoe drill with furrow openers gave much better stands and placed the seeds 

at the desired depth. Because of the heavy trash mulch, it was necessary to 

use a drill with staggered shanks to prevent blockages. 

The Australian Conner-Shea hoe-drill did an excellent job according to 

Downing. lie says: 

The Conner-Shea 'tine cultivator-combine' is a four-rank,
 
18 cm. spaced, 18 hole drill. Each tine is independently spring
mounted and the complete unit costs $1,075.00 on rubber. It has
 
a fluted-wheel seeder with a fertilizer box. 
 Its worst fault is
 
the small seed box holding only 136 kg. of seed. The operator 
mu.t also grease the bearinRs on the disk. It will clear and 
pass large amounts of trash 4indworks well in newly prepared land.

20
' 

d) bornu Complete Tillage Machine for Row-marking, Planting and 

Fertilizing
 

The machine is used for: ripping the row area where the 
fertilizer and seed are to be placed for better seedbed prepa
ration and to attract more of the first moisture to this deeper
 
tilled area; application of starter fertilizer to the side and
 
slightly deeper than the seed to be hand planted; weed control 
just ahead of planting; marking two rows for hand planting at 
exact spacing. The farmer must carefully plant exactly in the 
marks left by the rear 51 cm. wheatland sweeps in order that 
the two marked rows will be exactly 90 cm. apart which is 
essential for two-row mechanical cultivation. The farmer will 
then thin and transplant the crop and do as much hand weeding 
as he can. When the labor and economic situation permits, two 
7.5-B John Deere*or similar unit planters may he attached to the 
rear toolbar insteud of the two 51 cm. wheatland sweeps and the
 
planting and fertilizing dnne by machine. The capncity of the
 
machine for this work should be appruximately 1.2 hectares per


2hour. 

4) Weeding Tonl- and Pr.ctLces 

a) Ron,'-Crup Cultivatr.ra i most ,arts of rquatorial Af-ic.i, 
weeding is still !one by hand eve; w.r, 1 ,.d ib . . ted .y tri.cto-s. \omt 

t:a*.tor-h.rC services d,.- not )ff.!r a plantlni, or r-il;,ivrIfng *ervicc, nor .Jo 

hnuid farmers 1I.qtre It ut this -:.ge nf sv--.iupmenr. 

With tOieor limited raourcis. .;aAll farmets canrut .. ford to hire e':tra 

2011 tg U.. 

202,hambauga, Bo)tnu Comp ete Tt&ye : ite, p. 4. 
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help except for tillage. But, If crops are nlt plante" in "tr.,;:.: parallel 
rows, it is not possibi_ to cultivate them mecha:icj aly o cc ,¢o;.c;lly.
 
Cuttvatot 6hove.6 cannot be, wo'tked 
 ctose~ enowjh to* thic (tVweeding wtte6.5 thIe-wigw aAe vc~~J ca~cdutty mo.iked iedh adevice and ptatted p.eciaely by hand. (Figure 3.78.) Where the tractor-hire
services are doing work for large farms and settlements which are equipped

with row planters, some row crop weeding is done.
 

b) 
Toolbar Cultivators 
Most Anerican and European mid-mounted

cultivators for row crops 
are too complex an.'costly for African 
condiLions.

Plantations and large commercial farms 
raising row 
crops generally have favored
 a rear-mounted toolbar cultivator thpt 
can br assembled from standard conponents, which is simple, rugged and relatively Inexpensive. With good tillage practices and weed control before planting, the job of inter-row weeding
is minimized. 
The Tendaho Plantations made 6uch wtWti whih 
 lw'eic C Ke~ctve
 
antd gave veAy~good weed contjt k'lCI 
 the cutt.on.m wcn timeti, and wlt
managed. (Figure 3.79.)


c) BornuComplete TillageMachine for Row-Crop Cultivation20 3 
 The
 

machine is equipped for multiple-row weeding of all 
crops from emergence to
1.5 meters tall. 
 Two rows can 
be cultivated at 
the same time, but they must

be equally spaced. 
On sandy soils with grassy weeds, 1/2

23 cm. long and 5 cm. 

cm. steel rods
 
apart, welded on 
the under side of the cultivator shovels,
assist in throwing the weeds out of the soil. 
 Washers placed between 
the top


of the sweeps and the standards give more pitch to 
the sweeps to increase
 
throw. 
These suggestions, plus a speed of 8 k=. per hour result in satisfac
tory weeding.
 

Alternate rows are weeded 
to make it easier to turn at 
the ends. Depending on the accuracy of thc 
row spacing and skill of the operator, the front
round-turn knives may be 
set to weed closer to 
the plants. 
 For later cultivation of all crops except groundnuts that need more dirt 
near the plants,
the round-turn knives can be replaced with half wheatland sweeps. 
 For additional earthing up, disk-hillers or lister-bottoms 
can be used at the last
 
cultivation.
 

The capacity of the machine is approximately 1.4 hectares per hour.
 
The Bornu Tillage Machine also may be equipped to add fertilizer to 
the
 
growing crop while cpltivating.
 

The Bornu Complete Tillage Machine was assembled from standard U.S.
farm machinery parts with the exception of 
a few simple locally made attach
ment parts. 204  

It consists of a double 198 cm. 
toolbar with various
 

204
0bid., p. 5.
 
1bid., pp. 3-4.
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Figure 3.78 	Tractor mounted 3-point hitch riding cultivators (Czecho
slovakian) seen in Ghana The selection of agi cultural 

equipeent for use in a developing country must be cocpatible 
with the crops, stage of agricultural development and needs 
of the farmer. These manually operated tractor-powered 
cultivators have never been used in western Africa. (AFR-548) 

Figure 3.79 	Simple tractor toolbar cultivators (U.S. and British) This 
implement can be locally assembled from standard parts. 

Simple, sturdy, inexpensive and effective tools are needed 

in developing countries. Land is often not properly cleared, 
destuoped and drained and tools receive very hard use. 
Multiple purpose tools, simple and rugged, are needed to 
work and bring into production newly cleared or reclaimed 

lan. with minimum expense, adjustment and breakage of the 
machinery. High clearance and trip-action working parts 

help in avoiding damage. (AFR-499) 
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attachments for primary tillage, weeding and fertilizer application. It can
 

be used either as a 2.14 meter wide ripper, field cultivator or a two-row
 

weeding macline with a fertilizer side dressing attachment. Many other 

attachments such as rotary row weeders, groundnut lifters, and planters 

can be attached to the basic toolbar frame as the need arises. 

Primary tillage or ripping should Immediately follow crop harvest before
 

the soil becomes too hard. It leaves large clods to absorb as much of the 

early rains as possible. If difficulty is encountered In getting proper
 

penetration, the chisel points have probably worn off and need replacement.
 

A set of right and left twisted shovels may be used instead of the double

pointed chisels for handling and covering -ore trash. 

The Borno Tillage .9nchine is equipped for complete weed control. Each 

of the blades of tilesweep-type shovels overlaps 5 cm. and should run at a 

depth to cut off the weeds and at a speed fast enough to O;hake all of tile 

dirt from the roots of the plants. In extremely heavy weeds, narrow sections
 

of peg-tooth harrow can be pulled behind tile cultivator between the rows. 

The cultivator should be used often enough to keep the weeds under 15 cm. 

tall and to keep vine-like plants utider 30 cm. iortg. If vines are tile main 

problem, disks and straight standards must be substituted for the shovels and 

curved standards. This machine should he operated at 8 to 9.5 kilometers 

per flour to provide proper soil turbulence, giving it a weeding capacity of 

approximately 1.6 hectares per hour. 

5) larvesting and Threshing Machines and Practices 

a) Large Statiotiary Thresher A number of large, old, hlungarian 

and Italian threshers are used in south central Ethiopia. They are pulled 

around from farm to farm and used to thresh wheat and barley for the larger 

farmers. The service is offered as part of the contract-hire work done by
 

tile Kulumsa Seed .Multiplication Farm operated by the Swedish CADU project on 

agricultural development.
 

b) Sesame Harvester A new machine has been developed by the Laverda 

Company of Italy to cut and bundle sesame and reportedly it can do the work 

of 100 men. it was exhibited at the Asmara Exposition in February, 1969, 

and is being tried for the first time this year at Setit-litz.era. No infor

mation is available on sales, capacity, cost or specifications of the har

vester. Cutting sesame was mentioned as the main problem of Setit-Hhumera 

farmers in 1968. (Figure 3.80.) 

c) Self-propelled Combine The Grinaldi Italian farmers south of 

Tesseni in northwest Ethiopia are using combines for harvesting and threshing 

their grain. They recently purchased a Hassey-Ferguson 410 with 3.67 meter 
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Figure 3.80 A new Italian self-propelled sesame harvester seen in 
Ethiopia Early in 1968 the Setit-lluoera farmers stated a 
major problem was getting sesame harvested before it shattered. 
While hand labor can easily harvest and bundle sesame, the
 
time period (of 2 weeks) after ripening Is very short. Unmet
 
demands for higher wages left many farmers holding empty bags

in 1967. Introduced at the Asmara Exposition in 1969, this
 
harvester was first seen in northwest Ethiopia in February,
 
1969. It can cut and tie an estimated one-half hectare
 
per hour at a speed of 4 kph. This is an example of a speci
fic tool which might be designed by a national research organ
ization. (AFR-447)
 

cut and grain tank. Fields are 2 km. long so little time is wasted In turning.
 

The speed of operation was very fast on dwarf sorghu, averaging 13 kph. This
 

was possib.e on the smooth fields with uniform straight stalks which could be
 

cut close to the head. Downing said an automatic header-control is very 

desirable because the operator manually cannot keep the combine level on
 
205
 

uneven hilly fields.
 

In Kenya all wheat is harvested with combines. Wheat is primarily grown
 
by non-African farmers and by the government on 
the Masai Wheat Scheme. Be

causa of the wide difference in elevations (1800 to 2800 meters) and the
 

extended rainy season, the land can be prepared and planted over several
 
months. This permits contractors to start combining in the low elevations about
 

October and continue until February at the high elevation. (Figure 3.81.)
 

205

Downing, op. c.U.
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Figure 3.81 	German combine Class combining Masal Wheat. northeast of 
Narok in Kenya This first crop of wheat on virgin land 
averaged from 2440 to 3770 kgs./hectare. Even so, the 
combine was underloaded and passing jite a lot of grain 
over the sieves. A lower cut or P wider cutter head 
would have helped to use the rdchine to capacity to improve
 

its operation. (AFR-553)
 

Some Africans are buying combines and out of eight sold by J.1. Case
 

Company in Kenya, two were purchased by Africans. Other companies (primarily
 

John Deere, Hassey-Ferguson and Class (German]) say that 10 to 20 percent of
 

their combine sales are to Africans. The average custom-operator w!th a single
 

unit is combining 600 to 800 hectares in a season while a few operators are
 

combining up to 1,600 hectares per season. With trained operators there have
 

been few mechanical problems.
 

In Ghana most of the combines are Russian or Czechoslovakian. While
 

the tractor-hire service has several Czechoslovakian 780 Special machines,
 

only a few are operational. Tractors are used primarily for upland and flood

irrigated lowland rice production. The Russian machines are track-type units
 

of ctbersome design used mainly at the Afife State Farm in southeast Ghana.
 

(Figure 3.82.)
 

The Czechoslovakian units are concentrated in the northern and upper
 

regions and operated by the Mechanization and Transport Division of the Mini

stry of Agriculture. One district pool at Bawku with two combines (one
 

servicesble) reported that 53 hectares were harvested in the 1967-68 season.
 

The farmers did not like these combines because too much grain was cracked. 

The heavy wheel-mounted units could not be used until the fields dried off
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Figure 3.82 	 A Russian CKR-3 rice combine on crawler tracks The valley
 
in which the farm is located near Afife, Ghana is flat and
 

the present 800 hectares of the farm could be expanded to
 

1,600 hectares. Private famers are now gradually taking
 

over responsibility for rice production. (AFR-172)
 

Figure 3.83 	 Belt-driven nheller (United States) processing maize in
 

northern Ghana Very little custom or farm processing is
 

done in Equatorial Africa. A few state farms, research
 

institutes, universities. mechanization schools and experi

mental stations do their own processing plus some -ccasional
 

work for others. This equipment was seen at the Navrongo
 
Farm Mechanization Training School near Bolgatonga. Most
 

installations involve considerable manual operation.
 

(AFR-507)
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and by this time shattering losses were high.
 

d) Maize Pickers and Shellers Most small African fnrmers pick and
 

husk maize ears by hand. Large iarms, agricultural schools or cooperative
 

farms with engine-powered shellers may do some custom work. Occasionally a
 

tractor-hire service unit, a mechanization school, or settlement farm may do
 

contract hire work. (Figure 3.83.) The large commercial farms In East
 

Africa have gone straight from hand-picking to combine-sheller operation.
 

skipping the intermediate stage using the mechanical ear-picker common in
 

the U.S. Advanced technology is being applied directly by large European
 

farmers or plantations.
 

6) 	 Output. Power, Capacity and Labor Required for Large Tractors and
 
Equipment
 

Capacities eary greatly for tillage operations depending upon the imple

ment design, power-unit, soil-type and conditions, moisture content, length
 

of fallow period, previous crop, ski!, of operation and proper adjustment.
 

For a general idea of output and times see Table i1. 21. A few cases are
 

presented here for African conditions.
 

a) One-way wide-level Disk Harrows These units are used exclusively
 

in Ethiopia in the Setit-Humera area on dry vertisol soil with scanty vegeta

tion. Power is furnished by the Massey-Ferguson 165 in second gear at 9.0
 

to 9.7 kph. The output of a one-way, wide-level, 24 disk harrow cutting about
 

3.5 meters was 2.5 hectares per hour or 20 hectares per 8-hour day. In three
 

months one tractor and harrow can cover 600 hectares of cleared land twice
 

or about 1,200 hectares once; Ideally, a farmer should be able to do 1,600
 

hectares in 80 working days but practical limitations, break-downs and operator
 

deficiencies reduce this to 70 to 75 percent capacity. With other tractors,
 

such as the Italian Same, with a disking speed of only 6.0 to 8.0 kph, the
 

coverage was substantially less, or 1.5 to 2 hectares per hour or 12 to 16
 

hectares per day.
 

The T.-ndaho Plantations Share Company in Ethiopia reported covering
 

30 to 35 hectares in a 10-hour day with the Massey-Ferguson wide level,
 

one-way, 24-disk harrow. Remarkable improvement was shown in three years.
 

from 10 hectares up to 30 to 35 hectares per day due to better management.
 

Improved land preparation and increased operator skills. For a complete
 

list of field operations and machine capacities on a well-managed plantation
 

see Table IV. 8.
 

b) Mounted Disk Plows On Tendaho Plantations, with a four-furrow
 

disk plow four to five hectares per 10-hour day with the Massey-Ferguson 165
 

tractor have been averaged. In contrast, with a five-furrow moldboard
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s0i-mounted plow pulled by a Hassey-Ferguson 175 tractor six to eight hectares
 

per 10-hour day have been averaged.
 

c) Bornu Complete Tillate Machine Shambaugh reports that the
 

average "opacity for all operations is 1.2 hectares per hour or 9.7 hectares
 
206
 

per 8-hour day.
 

ripping, the capacity varies considerably depen-
For primary tillage or 


ding upon the working depth and power requirements but should rr.nge between
 

1.6 hectares per hour. For planting, the capacity is about 1.2 hec1.0 to 


tares per hour. As 	a field cultivator, the capacity is a little higher or 


For weeding in the row, the capacity Is approximately 1.4
hectares per hour. 


hectares per hour.
 

d) Combining Little information was available on actual hourly or
 

daily capacities for harvesting operations. Grinaldi in northwest Ethiopia
 

and traveling at
reported that with a Massey-Ferguson 410, 3.6 meter cut 


13 kpli.they were able to harvest 15 hectares in an eight-hour day. Fields
 

were very long (two kilometers), and crop and soil conditions were ideal;
 

oachines. 2V
 
Grinaldi was maintaining and operating 

the 


7) Skill and Management P:quired with Large Tractors and Eqvipment
 

a) Weed Control undor Sparse Rainfall Conditions In northeirn
 

Ethiopia t.,esystem of killing weeds begins by leaving the ground fallow 
for
 

of rain, the land is disked 7 to 8one season. ACLc the first 20 mm. 


cm. deep and the weeds allowed to germinate for 7 to 10 days. Then the field
 

is disked again. After three to five diskings, the weeds in the worst fields
 

are largely controlled before seeding.
 

b) Weed Control on Flood-irrigated Land Basic land preparation
 

techniques on Tendaho Plantations work very well for pre-planting weed control.
 

Field work stan-
Rapid disk plowing breaks up roots about 15 to 18 cm. deep. 


dards are high with good plowing, Lien rows and level fields. After much
 

experimentation, Tendaho has evolved the following program for weed control
 

using flood irrigation:
 

1. Use a slash or rotary chopper to pulverize cotton stalks.
 

Plow straight under 	if not too dense, otherwise rake and burn excess
2. 


crop residue.
 

3. Leave the land open without a cover crop to dry out the soil.
 

4. Disk when weed growth appears in April after the first rains.
 

2 0 6Shmbaugh, 8o0ulu CompeteU TUq. Macine, pp. 2-8. 

207S. Grinaldi, Farser, Tessini, northwest Ethiopia, Personal Communica

tion, March, 1968. 
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5. Perform no further cultivation until the rains cone, but land level

ing may be done if needed.
 

6. Apply the first irrigation about June 10.
 

7. Plant irmediately after irrigation six to 6.5 cm. deep with seed .at 

30-40 kg./ha. 

8. Cultivate after the first weeds appear at 11 to 13 kg. per hour.
 

9. Irrigate a second tirre40 days after the initial irrigation.
 

1C. Inter-row cultivate with tractors, 15 to 20 days later.
 

11. Irrigate the third tire 73 days after first irrigation (some areas
 

receive a fourth and fifth irr'.gation).
 

12. Make another inter-row cultivation if needed, or desirable.
 

(Table II. 42.)
 

c) Weed Control by Inexperienced Farmers The newly rechanized 

farmer often only plows or disks once before planting. Many have severe 

weed problems due to failure to adequately control weeds p .ov to planting. 

Disking is not needed to loosen the vertisols because they crack and tend 

to be self-nulching, but it is ineeded to kill weeds and to prepare.a conti

nuous even hase fo' seeding.
 

The more experienced farmers disk twice, once after the first 30 to 40 min. 

of rain have sprouted the first seeds antia second tint- after 7 to I0 days 

to fill in the cracks and to kill the second gro6.-h of small weeds. After 

anothcr 7 to 10 days, they plammt and disk ir.ediately to co%,!r the seed so 

that it Is not eaten by the nomiernou.' weaver birds. Tie seCond disi lng must 

he completed before planting begins as the harrows are isemd for covering im

mediately behind the land sowers. 

d) Sowing with Box Seeders on One-way Wide-angl, Disk iiHarrows Ti v 

Grinaldi Partners. south of Tessini in northwest Eithioplia, are msing rgular 

asscy-Ferguson seeders on one-way disks which other Setit-iiur.er., fa . ers 

claim can not be used. 2 0 8 Ilowevc', to sow ses..me, they mix seed with cow 

manure to add bulk, get the right seed rate, and act as starter fertilizer. 

No fertilizer is used on dura or cotton and seeds are allowed to drop aiead 

of tne disks; drag chains are not used for covering. 

Plant population appeared low where fluted-wheel seed drills were 

used. 

e) Lsing: the iornu Complete Tilage Machine Since this machine 

will not handle lung pieces of trash, the following procedure is suggested 

by Shambaugih. 2U  if time stalks ire not to be used, remove the guinea corn 

20 8
Grinaldi, up. c_&f. 

20 9 Shabaugh, 8oAtiu Cmspte.tc Tittagce Machoc, p. 2. 
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and millet heads and leave the stalks standing. If a rotary mower is available
 
shred the trash into small pieces. Otherwise, convert the tillage machine
 

into a sulky rake by putting all the flat curved steel standards on the rear
 

tool.'bar and rake the 
trash into wind rows for removal or burning, then proceed
 

with normal tillage operations.
 

f) Using Machine Capacity to Insure Early Planting Zack Tyson,
 

agricultural engineer with the USAID Mission in Sudan for eigit years, con

ducted til.'age and sowing experiments with wheat. 210 le reported the best
 
preparation and planting yields were attained with a wide-level and offset
 

disk used with a planter ratior 'han with a drill or disk-harrow seeder on 
a wide-level disk. Increased plant population gave higher yields, and averaged 
over 2000 kg. per hectare for wheat, using 71 cm. row spacing. However, the
 

most important factor was the planting date, and the highest yields were
 

always associated with early and timely planting. 
 The ground was disked once
 

before planting for weed control. 

TABLE I1. 24 EFFECT OF PLANTING DATE O 11EAT YIELDS: SUDAN 1963-66 

Planting Date AverAne Yields 

kg. I.-. 
Before July 15 2440 

Between July 20 and August 10 1825 

Between August 15 and August 25 812 

Source: Zack Tyson, op. CC.
 

U) Costs of Agriculzural Operailons of Wheel Tractors
 

2
a) CADU Machinery Pool Services
 1 After two years of operation,
 

CADU believes the services of Kulunsa Farm to farmers in the surrcunding 
area (mainly threshing and plowing) should continue on an expanding scale. 
The extension agents act as agenti, for the machinery services from Kulumsa.
 

The capacity of the mahinery pool during 1968/69 is estimated at 3,760 
tractor hours and 125 combine hours. Some changes have been made in service 
charges because in principle, the services sLould be given at a cost price. 
No budget is allocated for losses and no profit is anticipated. To encourage
 

2 10

Zack Tyson, Currently USAID Agricultural Engineer in L.agos, Nigeria:


formerly with USAID Mission in Khartoum, Su.,n, Personal Communication, April,
 
1967.
 

2 11

Chilalo Agricultural Development Unit, 
Ptla o6 Wo4k and 8udget,
 

;968/69, (mimeographed) (Addis Ababa: Swedish International Development
 
Agency, 1969), p. 156.
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the customers to fully utilize the capacity of the machines by organizing 

the work, the charge is set peA hIout instead of per quintal or hectare. This 

means that more farmers can be helped each season and wasted time is consi
212 


derably less. Hire charges are based on the following principles and
 

conditions:
 

1. Combining: The previous charge was $1.00 per quintal plus motor fuel
 

an,. allowance for the operator. The charge under CADU management is $12.00 

per hour, including costs for fuel and operator. Under normal conditions, It 

is possible to thresh 10 t,,12. and even 15 quintals per hour, which means 

that the new charge is lower than the previous one. 

2. Threshing with Station ry Thresher: The previous charge was $0.40 

per quintal, plus tractor fuel and allowance for the operator. The new charge
 

is $6.00 per hour and when 12 quintals or more are threshed per hour, it will 

cost the customer less. Up to 22 quintals per hour have been obtained but
 

with the stationary thresher, the output is entirely dependent upon the work 

organization. (Figure 3.84.)
 

Figure 3.84 Stationary thresher used for custom threshing in Ethiopia 
A Hungarian made thresher currently used by the Chilalo 
Agricultural Development Unit on the Kulumsa Seed Farm. 
This farm, used for seed multiplication, also operates a 
limited threshing service for area farmers. he demand is 
increasing yearly and some coribine harvesting for larger
 
farmers is done. The traditional threshing method used by 
most farmers in this rogion is animal-trampling. (AFR-49) 

2 12

Chilalo Agricultural Development Urit, Ptait o6 Wo'h and Budget
 

196J/69, p. 55.
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3. Plowing and Harrowing: The previous charge was $7.20 per hectare, 

plus fuel and allowance for the tractor operator, which gives an actual cost 

of about $10.00 per hectare. The new charge is $4.80 per hour including 

all costs and under normal conditions, three to four hectares per day can be 

plowed, naking the new charge about the same as the old. 

4. Othcr Services: Additional services, such as transportation are
 

calculated and quoted to the customer in advance. The basic charge for a trac

tor and wagon, including fuel and operator, is S3.20 per hour.
 

b) Ghana Tractor-hire Service The Mechanization and Transport
 

Division of the Ministry of Agriculture operates a Tractor-hire Service for
 

farmers, settlements, stale farms and other groups. Its standard farm-size
 

power unit !s the Zetor Super 50 hp. four-wheel utility tractor, made in
 

Czechoslovakia and delivered to Accra for $2,790.00. Costs of tractor opera

tion (Table 1. 7) have been based on an estimated life of five years or
 

8,000 hours (6,000 would be very good). While all of the tractors are equipped
 

with hour meters few function so that actual hours of operation are difficult
 

to judge. Nevertheless, the highest recorded hours of any tractor observed 

(after four to five years of use) was less thanl2,000 hours. Considering 

the kind of use, the frequency of breakdown, the difficulties in securing 

repairs, it is doubtful that any tractor has done 4,000 hours of productive 

work. If this Ib true, the depreciation rate should be double that shown in 

Column 4 Table 1. 7. Note that no interest on investment, taxes, housing and 

insurance has been considered. (Figure 3.85.)
 

Figure 3.85 Tractor-hire Scheme, Ghana Tractors facilitate tileappli

cation of high concentrations of power to agricultural pro
duction. Less than one percent of farmers in Equatorial 
Africa are ready to operate tractors. Government Tractor
hire Schemes, as shown here in central northern Ghana, are 
one-half a step toward full tractorization. Private owner
ship of tractors and private tractor custom services should 

also be encouraged where there are operators who can manage
 
such services economically. (AFR-527)
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In Table I1. 25 the cost of various crop production operations represent
 

the use of a tractor on a large Ghana farm or plantation with adequate size
 

fields, properly cleared, minimum road movement, and regular supervised main

tenance facilities and predictable utilization.
 

The costs of operation will be substantially higher for a hire service
 

catering to scattered farmers under typical African rural conditions with small.
 

irregular shaped fields, hidden obstalces, scattered locations, difficult
 

acccss, seasonal or poor road conditionv. To the regular charge must be
 

added a movement or service charge to compensate for reduced efficiency and
 

increased outfield expense. 
 The sixth column of Table I1. 25 includes a
 

50 percent surcharge to offset the unsatisfartory conditions under which the 

fuel and supplies
 

to villages. The last column shows the amount of subsidy the government must
 

tractor-hire services must operate, including movement of 


absorb if it charges farmers according to those fixed by the United Ghana 

Farmers Cooperative Council (UGFCC).
 

For more economical operation, tractor-hire services should not work
 

fields smaller than two hectares and the land should be in rectangular blocks.
 

New opportunities should also be sought to productively employ tractors and
 

operators after the seasonal agricultural eork is completed. For example,
 

tractors could be used for contract hauling, building and repairing roads,
 

operating grain grinders and feed mills, powering irrigation puprps, mowing
 

grass, cutting brush, light earth work, ridging and similar jobs which do not
 

require expensive attachments but which greatly expand the scope of utiliza

tion.
 

c) Nigerian Tractor Costs of Operation It was agreed that wheel
 
213
 

costs 	would include:
 tractor 


1. Fuel consumption;
 

2. Fixed ownership costs, including straight-line depreciation to nil
 

scrap value;
 

3. Life estimated at 5000 hours in five years;
 

4. License and insurance costs;
 

5. Interest on capital and housing is iot to be included; 

6. Cost of tractor should be cost to a farmer, not a discounted
 

government price;
 

7. Repairs averaged at 50 percent over five years, or 10 percent of first
 

cost per year;
 

8. Wages would be charged at actual rates of $1.75 per day with no
 

allowance 	for idle time.
 

213

Second Meeting of Agricultural Engineers, Institute for Agricultural
 

Amadu Bello University and ioistry of Agriculture, Kaduna,Research, 
Northern Nigeria, November, 1964.
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TABLE 111. 25 COFTS PER HECTARE OF ACHIINERY OPERATIONS FOR LARGE FARMS AND aAS A SERVICE TO SMALL FARMERS: GHANA 1968

5n percent
 
surcharge Government
Tractor Implement Operation Average Rate Total 
 for exten- Fixed Subsidy
Operation cost cost cost 
 of operation Cost 
 sion workb Charge percentc 

$/hr. S/hr. S/hr. hr. /ha. S/ha. S/ha. S/ha. 

Plowing, disk 1.71 0.30 2.01 
 5.6 11.26 16.88 9.88 42
 

Plowing, moldboard 1.71 
 n.a. -

Harrowing or Disking

(offset) 1.71 .30 2.01 3.1 
 6.23 9.35 5.40 
 42
 

Ridging, initial 1.71 
 .15 1.86 
 3.7 6.88 10.32 9.88 5
 

Reshaping ridges 1.71 
 .15 1.86 2.5 4.65 6.98 5.40 
 23
 

Planting with fertilizer
 
(four-row) 1.71 .90 
 2.61 3.7 
 9.66 14.49 12.33 15
 

Drilling grain (10-row) 1.71 .90 2.61 
 3.7 9.66 14.49 ::.33 15
 

Slashing, rotary 1.71 .30 2.01 
 3.7 7.44 11.16 9.88 12
 

Hoeing, steerage 1.71 .30 2.01 2.5 5.03 7.55 
 5.40 29
 

Cultivation, inter-row 1.71 .15 1.86 
 2.5 4.65 6.98 5.40 23
 

Shelling maize 1.71 .85 2.56  - - - -

aSee Table I. 7 Colun 4 for basic tractor cost per hour. Data adapted from H. K,ar, Cc$fc6 
T-actc 'Cp tic, Ref. No.
 
Des/TI/SF4/V2/19 (Accra: Mechanization and Transport Division, Ministry of Agriculture, August. 1968), 
p. 2.
 
bExtension work is the tractor-hire service performed for small farmers arranged through the Agricultural Fxtension Service
 
at 
rates set by the United Ghana Farmers Cooperative Council.
 
C(Total cost) - (Charge to farmer) = Percent subsidy
 

Total cost
 



It was agreed to take 50 percent of life of implements shown in Amer-


Lean and British standards. Repairs were set at 100 percent of first costs
 

over the same life. 

9) Costs of Agricultural Operations of Crawler Tractors
 

a) Ghana Land-clearing Costs Land clearing is one of the princi

pal jobs for which crawler tractors are especially suited. The Ghana Mn
istry of Agriculture has three models and sizes of Yugoslavian tractors. The 

Bratslvo BNT-60, 60 hp. crawler, is used primarily for heavy plowing, root 

raking, light dozing and brush clearing. The Oktobar TG-90, 90 hp. trodel, 

was selected for medium to heavy clearing and co-tmon earth -moving and 

excavating. 	 The model TG-160, 160 hp. unit, used only for very heavy clear

ing or large-scale projects. (Figure 3.86.)
 

Figure 3.86 	Crawler tractor (Yugoslavian) used in Ghiana for land clearing 
The tractor shown, a TG-90 (90 lip.)is one of three track
type tractors purchased fron eastern Furope. Now operated 
by the :Iechanizatlon and Transport Division of the .1liniatry 
of Agriculture, crawlers are assigned the task of developing 
agricultural land of high potential. The other most comnon 
crawler is the UNI-60 (h h;.) illustrated in Figure 2.26 
which is used for light dozing , root raking and heavy disk
ing and plowing. Only a f.w TG-160 or 160 lip. Oktobar 
tractors are used for heIvy clearing. (AFlR-542) 

Kuiar calculates the hourly cost of operation of a 90 hp. crawler at 

about $9.00, 	as shown in Table III. 26. Depreciation is based on a 10,000 

hour service life which is unlikely to be reached. based on the performance 

of these tractors so far in Ghana, a useful life of 5,000 or perhaps 7,500 

hours under excellent management would be above average. If this were the 

case, the total cost per hour would be increased by adding another 50 to 100 

percent of the depreciation cost equal to $1.27 to $2.54 per hour for a total 

cost of $10.30 to $11.57 per hour of operation. The delivered cost of the 

TG-90 tractor to Ghana was approximately $25,450.
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TABLE Ii. 26 	 HOURLY COST OF OPERATION OF YUGOSLAVIAN TG-90 CRAWLER TRACTOR: 
GHANA 1968 

a 

Item 	 Basis Cost
 

S/hr. 

Depreciation Price, $25,450; life 10,000 hours 
 2.54
 

Repairs and spare
 
parts 100 percent of depreciation 2.54
 

Operator and helper $2.42 for a sevcn-hour day 0.35
 

Fuel (diesel) 17 liters/hour @ $0.38/gal. 
 1.73 

Oil filters, oil 25 percent of fuel cost 0.43
 
Grease 0.10
 

Subtotal Cost 
 7.69
 

Overhead: administratfve, supervision, and logistics
 
@ 15 percent 1.15
 

Total net operating cost per hour 	 8.84
 

a Kumar, p. c&t..,p. 3. 

Clearing costs with heavy machinery are expensive as Indicated in 

Table III. 27. With tire limitations, or when large areas nust be prepared 
for co=ercial projects, stumps and large trees can be removed more quickly 

and more easily with large tractors. Land clearing is essentially a long

term capital investment. To encourage proper clearinl;, Ku.ar believes that 

charges should be payable over a period of five years. Also charges for units 

should be based on a time charge rather than an area charge, which is very 

difficult to judge under widely differing conditions. Generally, governments
 

provide substantial help to land owners in meeting land-clearing costs.
 

TABLE 111. 27 

Type of 
Vegetation 

Bush 

LAND-CLEARING COSTS PER 
SOUTHERN GIIANA 1968a 

Avg. hrs. 
to clear Cost per 
one ha. traetnr 

S/hr. 
12.3 8.84 

HECTARE WITH TC-90 CRAWLER: 

Add 50 
service Present Ghana 

Cost chnrye .4OA chare 

S/ha. $ S/ha. 
109.42 164.13 63.25 

Subsidyb 

% 
62 

Savannah woodland 17.3 8.84 153.23 229.84 97.30 58 

Coastal thicket 37.1 8.84 328.55 492.82 194.80 61 

Secondary forest 44.5 8.84 394.36 591.54 271.00 54 

Virgin forest 69.2 8.84 613.39 920.10 424.00 54 

aKtar, op. cit., p. 4. 
b(Total cost) - (Charge to farmer) Percent subsidy 

Total cost 
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b) Nigerian Crawler Track-type Tractors The following figures
 
were accepted based on the Jeri Bowl rice operation:
 

1. Depreciation over 10,000
 

2. No insurance or road license
 

3. Repairs at 60 percent 
over 10,000 hours use
 
4. Implements, trailer plows and harrows should be charged at $0.42/hour.
 

c) 
Comparison of Hand- and Machine-clearing Costs When time
 
permits, the 
farmer may be able to do his own clearing cheaper than it 
can
 
be done by machine. 
 Howevr, it usually does not include complete removal
 
of stumps and roots thatso animal- or engine-powered equipment can be used 
efficiently and safely. 
 In the humid tropics partially cleared land grows
 
back so that it must be 
recleared periodically. 
The land is suitable only
 
for hand-farming if the clea.'ing is not complete. 
 In Table 111. 28 a com
parison is made over a ten-year period showing the initial and accumulative
 
cost of clearing by the two methods and preparing the land for planting each
 

year.
 

The costs of clearing savannah woodland by crawler-tractor operation
 
(method A) and hand (method B) have been compared. The tractor method
 
illustrated appears cheaper to 
the farmer, the removal of s,rups and 
roots
 
would require considerably more hand labor than has been shown. 
 The govern
ment tractor rates 
also are subsidized, so 
the actual cost including sub
sidies is considerably higher to society as 
a whole (i.c. to the government)
 
than the costs of hand clearing. Governments usually consider land clearing
 
as part of their responsibility, this subsidy is not unreasonable; 
the example
 
shows that the total costs of the 
tractor operation are considerably higher
 
(almost twice) 
the amount the farmer actually pays for this work to be done.
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TABLE III. 28 	COMPARISON OF TWO METHODS OF CLEARING AND PREPARING FOUR HECTARES LIGHT SECONDARY GROWTH FOR PLANTING:
 
NEAR SAPAIMAN. SOUTHERN GHANA 
1968a
 

Method A : Clearing and Tilling with TG-90 Crawler Tractor 
 Method Be: Clearing and Tilling with
 
Manual Labor
Costs for 4 hectares
 

Subsidy Subsidy
Year Operation 	 Costs for 4 hectares
excluded included Year Operation
dollars dollars 
 dollars
 
I Clear, stump, root & remove low growth forest 1 Four men at $1.00/day each.
 

3 to 5 meters high in one-time operation with 
 Clear by cutting off brush

TG-90 crawler & dozer at gov't hire-rate 
 and small trees with cutlass
($63.25/ha.) 
 253.00 ($164.13/ha.) 656.52 
 and axe, leave stumps & roots.

Assme 16 km. transport charge at $0.74/km. 11.84 11.84 To clear, weed & hoe 4 hec-

Plow & harrow with BNT-60 crawler & 2-way 41 
 tares takes 40 	days for four
 cm. moldboard plow & tandem 3 meter disk 
 men. Four men can elear one
 
harrow at gov't hire-rate ($15.28/ha.) 61.12 ($26.23/hs.) 104.82 
 hectare in ten 	days: 4 men x
Assume 16 km. transport charge at $0.74/km. 11.84 
 11.84 10 days - 40 man-days x S1.00/~ 2 Plow and harrow only for 9 years at gov't day - $40.00 160.04 hire-rate ($15.20/ha.) 550.08 ($26.23/ha.) 944.28 2 Clear regrowth and prepare10 Crawler transport cost ($11.83/yr.) 106.47 106.47 4 land each year for 9 years
 

10 ($40.00/ha.) 	 1440.00
Total cost for 	clearing and tillage: 
 994.35 1835.77 
 1600.0C
 

Average farm size 5.3 hectares and lease 10 years. 
 Data by A. Klevor, farmer, and A.D. Sokah, Mechanical Superintendent,
Mechanization and Transport Division, Ministry of Agriculture, Ghana, Greater Accra Region, Amasaman, Ghana.
 
bIt takes about 12 days 
to clear 4 hectares with the TG-90 crawler and about 
five days to plow and harrow for a total of
17 days 
to get ready to plant. Weed control is more effective with inversion plowing and subsequent weeding should be
faster and easier. In addition, earlier and more 
timely planting favors better plant growth and subsequent yields. Soils
must be suited 	for mechanization, however, as some 
light forest soils are severely da.aged or destroyed by continuous use
of machinery and intensive cropping. 
The farmer also is dependent upon the tractor hire service coming when requested,

and it may not come on time.
 
CStumps and roots would prevent effective tillage to control weed growth. 
The 40-day delay in clearing also may be detrimental to yields if planting is delayed beyond optimt© tire. 
 Farmers can, however, begin clearing and hoeing at any time
 
their farm work schedule permits.
 



CHAPTER IV
 

ANALYSES OF PRESENT FARMIMnGSYSTEMS 

Introduction
 

The accelerated development of agriculture in Equatorial Africa cannot
 
ignore the needs and the problemn of the small farmer. 
The economic and tech
nical development process must 
be adapted to the unique features of each tro
pical rural culture, and to geographical, agrarian and social environment.
 
Farmers need more power, better tools, and the benefits of technology along
 
with 
the support of state and national infrastructure. The development of a
 
market economy is imperative to permit specialization and 
to provide the stim
ulus and the reward for the profitable disposal of 
increased production.
 

The hand-hoe farmer cultivates a maximum of 4 to 
5 hectares. He has the
 
greatest need but the least 
favorable possibilities for 
more adequate power.
 
Hoe culture, therefore, must maximize other inputs which offer the beat po
tential for increased production with the least demand for power. 
 The first
 
requirement 
Is to select only the best soil for cultivation. Then, most ef
fective use 
should be made of improved seeds and plants, fertilization, seed
 
innoculation, plant protection, intensive weeding and thinning to create the
 
best environment for plant growth. 
Good managcment wiJ .luetij ope.'ta.ion : 
aU the~e Ae" i an abaottue p ecqAu.Ziac 6doA uccess. 

The final subdivision of this chapter discusses an economic analysis of
 
the farming systems and 
the associated social factors; the first three sub
divisions are concerned with the engineering and technical aspects.
 

Hand-powered Agricultural Systems
 

Shifting Cultivation and 
Hand Farming
 

The effect of shifting cultivation on soils is discussed in Chapter I
 
under bush fallow and soil management. 
Its effect on cultivation practices
 
and crop systems is described by an FAO team survey of 
subsisLatce farming in
 

West Africa.I
 

When no manures cr fertilizers are 
used, shifting cultivation is a valid
 
system. Recently cleared land is also free of weeds. 
 The principal defect
 
is low yield per unit of labor. All tillage is done by hand, with hand 
trans
port of products from field to village because:
 

1. Fallows are bush and not grass fallows; 
stumps are not removed be
cause 
it is too costly for land to be 
later abandoned.
 

.J. Papadakis, Cup Ecotogicat Suuey o: Uut A6ica: LibelJa, Iuo'tyCoat, Ghana, Togo, Dahomey, Nigje.a (Rome: Food and Agricultural Organization of the United Nations, 1966) Vol. I, pp. 1-5.
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2. The plow cannot be used because of roots, nor can oxen or horses
 

(provide power) due to the disease trypanosomissls.
 

3. Haintenance of animals is difficult during the dry season. Far

mers in northern Nigeria give their animals to the Fulani to graze on 6adaws 

lands. 

4. Vegetation grows fester in the crop season.
 

5. There are many human diseases limiting human energy.
 

The majority of crops are grown on ridges or heaps, particularly in the
 

savannah. There is a very high seasonal surplus of rainfall in four months
 

and flat land becomes water-logged.
 

Several crops are grown on the same land with concurrent and sequential
 

planting. A mixed crops system has certain advantages:
 

I. Soil is entirely occupied, thereby reducing weeds and cultivation.
 

2. Land is prepared once and produces two crops. 

3. There is security against complete failure if one crop fails.
 

4. The system is very competitive; it increases area and yields when
 

prices are good and continues to produce when prices fall.
 

The climate is the primary determinant influencing the traditional far

mer's decision on what to grow, how to till and when to harvest his crops.
 

1. Weather may be exceptionally favorable to weed growth.
 

2. Weather may reduce the time period in which planting or harvesting
 

should be finished.
 

3. The weather causes uneven distribution of fsrm work.
 

4. The weather favors diseases, insects, and illness.
 

5. The land is very wet during the rainy season; machinery is difficult
 

to use on land subject to tropical downpours.
 

Labor Inputs
 

Nigeria
 

2
 
an economic study of Nigerian villages, Gibbs determined:
in 


1. The average gross product per man-hour was $0.094 for upland and $0.10
 

for lowland. (This value suggests that the wage rates used in previous tables,
 

based on actual wages paid for hired labor, may be somewhat higher than the
 

value of the average product for all labor in the area.) Income per farm was
 

almost the same, ranging from $115.20 to $116.20 to gie equal cash returns 
s


for different system .
 

2. Labor input per hectare tends to incrdase as the number of cro,s in
 

mixtures increases. Crop mixtures giving the highest gross output per he, tare
 

2Gibbs, An Economic Study o6 Thue VtZtUage in 8auchi Povince. 
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also yield the highest gross return per man-hour. 

Ghana 

Some labor requirements for various cropping operations are given for
 
3
 

weeding and ridging:
 

1. Making ridges 90 cm. apart with the West African hoe: 35 man-days per
 

hectare.
 

2. Making holes for permanent crops (60 x 60 x 60 cm.) and filling with
 

topsoil: seven to eight holes per man-day, or 54 man-days per hectare.
 

3. Weeding annual crops, light weed growth: 9 to 11 man-days per hectare.
 

4. Weeding annual crops, heavy weed growth: 17 to 22 man-days per hectare. 

5. Ring weeding, 540 cc. radius, permanent crops, 100 to 110 stands per
 

hectare, light weeds: 4 1/2 to 6 1/2 man-days per hectare; heavy weed growth:
 

11 to 17 man-days per hectare.
 

Tanzania
 

The farms range fro= 1.2 h-;ctares up to 5 to 6 hectares per farm. In the
 

Mwanza area, almost all planting and land preparation is done by hand. It takes 

one man 52 days to till and plant one hectare of cash crops such as cotton. The
 

smallest farm takes nine weeks to plant, working every day. The farmer also 

plants 1.2 hectares In food crops which takes another nine weeks, for a total
 

of 18 weeks. This is the maximum amount of land a farmer can handle with hand
 
4 power. 

Ethiopia
 

Typical work rates and costs for harvesting and threshing are given for 

several crops:
 

I) Sesame Harvest and Threshing
 

In Setit-Hlumera the cost of harvesting varies from $2.00 to $8.00 per
 

hectare. Since it must be removed from the field betore it shatters, the far

mers have been forced to pay more to get it cut and stacked in time. At a
 

yield rate of 1,000 kg. per hectare the cost for cutting and bundling is $0.20
 

to $0.80 per 100 kg.
 

2) Sorghum Harvest and Threshing 

In Setit-Humera the cost of cutting and piling was given as $0.30 per
 

100 kg. and the coat of threshing with a small stationary tractor-powered
 

thresher as $0.45 per 100 kg. for a total of $0.75 per 100 kg. Mr. Sideris,
 

3

N.L. Ulsaker and P.O. Amponsah, 
Gharna Faa, Manaqm' Handbook, Bulletin 

A-38 (Accra: Ministry of Agriculture, Information and Publications Unit, 
1965), p. 28. 

4
Gibbons, 
op. cit. 
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an exceptionally large farmer, gave the total cost of harvesting and marketing
 

as $2.92 per quintal, delivered to Asmara. Similar data for an average farmer 

are tabulated in Chapter II (Table 11.45). 

TABLE IVAI COST OF HARVESTING AND MARKETING SORGHUM: SETIT-IILNERA, ETHIOPIA 
a 

1968
MARCH 


Operation or charge Cost Total
 

S/q. $/q. 

Current selling price at Asmara 4.60
 
Approximate harvest and marketing costs
 

Harvesting, threshing, bagging and sewing 0.80
 
Bag cost 0.60
 
Hauling from farm to Om Hager across river
 

($0.70 to $0.80 by hired truck) 0.20
 
Unloading from trailer and loading truck 0.08
 
Municipal tax 0.04
 
Hauling from Humera to Asmara 1.20 2.92
 

Total income less harvest and marketing costs-
balance out of which all pre-harvest production
 
costs must be paid.
 

aMarkoa Sideria, Large-scale Farmer 
in Humera, Ethiopia, Personal Coemmun
ication, March, 1968.
 

Land Inputs
 
5
 
-
Nigerian Studies
 

1) Norman
 

Norman's study of three villages near Zaria, Northern Nigeria, ascer

tained6:
 

1. The larger the holding, the bigger the field size in hectares ranging
 

from 0.024 to 1.8?.
 

2. The larger the holding the greater the fragmentations, from 1 to 20
 

fields per holding.
 

3. The tendency for upland fields to increase in size with Increased
 

distance from place of realdence.
 

4. In the case of pledge (the right to use land passed to another in
 

return for a money loan) or of loan (land farmed by another individual on a
 

year-to-year basis for a small rental paid at the time of harvest), the tem

porary cultivator ia not inclined to manure or improve the ind.
 

5. The average fertility of the land is unimpostant in determining the
 

5

Details of the 
case ,tudy in Chapter II (i llage Agriculture, Northern 

Nigeria, p. 2-64) are basd on theme studies by Gibbs and Norman. 
6
 
Norman, op. cC., .,V. 15-22.
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size of holdings, as is land title. A family can have a large-sized holding
 

without Land ownership.
 

6. The average area farmed in all three villages was 3.48 hectares with 

the most Isolated village having the largest farms, averaging 4.1 hectares. 

2) Gibbs
 

Gibbs also studied land use and crop mixturcs in Nigeria and reported:7
 

1. Lowland crope were groun exclusively as single c-jps. Upland crops
 

were grown most frequently as 2, 3, or 4- crop mixtures, with two crops grown
 

most often.
 

2. As the number of crops in mixtures increases, the yield of J:dividual
 

crops decrease. However, combined yields of millet and guinea corn in 2, 3
 

and 4- crop mixtures exceeded the yield of either of these crops grown Jingly.
 

3. The average value of the gross pruduct per cultivated hectare wan
 

$41.50 for upland and $78.84 for lowland.
 

Cultivation Piactices
 

Hand Tillage
 

1) ,Imitations and Constraints
 

Most constraints apply to mechanization at any level, but the fol..oving
 

factL.'s apply particular)- to hand tillage:
 

1. Timing of small rains or length of time from beginning of first rairs
 

until crop must be sown Is important. In some areas this tine is very short 

and creates an acute labor shortage. 

2. If the soil becomes very hard during the dry season, it cannot be
 

plowed or worked until after rains soften it, making timing of planting for
 

optimum yields very critical.
 

3. If preparatior, time is limited or soil condition is very difficult,
 

large amounts of labor must be available to quickly prepare land for planting.
 

This labor peak determines how much land a farmer can handle even though there
 

may be surplus labor the rest of the year.
 

4. Annual crops raised primarily by share croppers or tenants require
 

more intensive cultivation and soil preparation than perennial crops favored
 

by land owners.
 

5. Because of strenuous effort and length of time required to spade
 

ground with any hand tool, few farmers can afford to use this method except on 

vegetable gardens. 

6. Land preparation by digging hoe may not adequately control weeds and 

may require more weeding time later. Limited time may not permit thorough
 

tillage.
 

7

Gibbs, 
 op. C.Zt.,pp. 17-18.
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7. Lack of economic security nay reduce farmers' incentive to make in

vestments to improve the physical condition and conformatiou of the land farmed
 

to make it easier to prepare, till and plant.
 

8. High population pressure may force tho hand farmer to travel a long
 

dist,.ace to find land to farm or to select less easily worked or low-produc

tive land nearby. 

The farmers' own resources of time, labor, and seed (normally his only 

monetary input) cannot cnntrol nature' the farmer can only work with nature. 

2) Need for Improved 1land-tillage Tools 

a) Primary Tillae Tools Where animal powor cannot be. used because of 

disease (particularly carried by the tsetse fly) and where engine power is not 

available, the hand-powered farmer is severly limited by the amount of land he 

can prepare. In northern Ghana and Nigeria, the ground dries out very hard and 
until the rains start tillage cannot commence.
 

Minimum-tillage is a plausible alternative for hand tillage. Good steel
 

spades are the best tool for deep hand tillage i6 it must be done. There is 

a need, however, for a good shovel and fork spade as well as for digging tools. 

Animal or engine power is the most practical way to increase farm power in 

present farming systems which require breaking and tunting th; soil. The use 

of herbicides and soil conditioners may be the least demandin 3 way to prepare 

the ground for planting but they are not economically feasible at the present 

tim. 

The present Nigerian .9dv is a good steel blade tool where stoop labor 

is used to make ridges, but it is less suited for flat cultivation. The small 

Ghanaian hVaokdh and the Nigerian 6atnnya are used as all-plirpose metal blade 
tools but are definitely limited in their capacity for primary tillage; the
 

Ethiopian ChOVA even more so. 

b) Secondary Tillage Tools In Nigeria there is a big demand for 

hand tools in the north but not in the western tegion. One firm makes machetes
 

and it wants to branch out into other tools. The use of good hand tillage tools
 

and cultivating implements becomes more important with increasing weediness of
 

land under longer cultivation.
 

Hand Planting 

1) Limitations and Constraints 

a) Broadcasting All methods of broadcasting are wasteful of seed.
 

Farmers usa twice d much seed as recommen~ded for best yields. 8 With present 

methods rf hand sowing and covering, or covering by plowing, much seed is 
buried too Jep, left on top, widely scattered or crowded together. 

8

9engteson, 
op. cit., p. 23.
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b) Row Seeding 
 By hand this is best done by planting in spaced hills
 
or marked roes. 
Host hill planting on 
the flat is haphazard with random and
 
variable spacing. 
Rows should be marked prior to planting with a simple wood
 

or metal gauge.
 

Hound and ridge farming facilitate row planting, better spacing, more
 
uniform stands and weeding, but they are treme.ndously demanding in hand labor.
 
The high labor requirements sharply limit the amount of land that can be pre
pared and planted by hand within the time allowable to get crops planted .or
 
maximum yields.
 

c) Seed Selection Local seed is highly contaminated with weed seed. 
and impurities, and may be low in viability and germination. Seeds purchased 
in local Ethiopian msarkots contained as high as 12 percent weed seed in barley
 
and one 
or two percent impurities. Seed selected by farmers contained con
siderably fewer weed seeda, and 
most farmers apparently plant their own seed
 
and laborinusly clean it 
 before sowing to remove the worst adulteration. 

Bengtsson found:
 

*. seed bought at 
the market is low in quality, holdinR almost
double percuntage of weed seeds and inert material 
. . .
Therefore, a simple cleaning machine would further improve the 
seed, thus reducing the weed population and Increasing the yield.9
 

d) Traditional Practices 
 There are certain rules to follow in
 
order to properly plant according to the traditional system. Bengtsson says,
 

* ' ' the first crop to be planted in the year is often saidto be broadcast on a Tuesday and sometimes a Thursday. South of
Asella, Ethiopia where barley and flax are main crops, the farmers firmly declare these should be planted on 
 these particular
 
days.10
 

2) Need for Improved Hand Seeding Tools
 

a) Broadcasting 
 For smll grains and grasses more accurate ways
 
of broadcasting are needed to reduce the 
 asount of seed used and to get more
 
uniform distribution and 
 higher plant stands. A crank operated spinner, like 
a cyclone seeder for hand farmers would be very useful.
 

b) Covering 
 Improved methods of covering broadcast seed are urgently 
needed to place seeds at a uniform depth, to cover all seeds so they will not 
wash away or dry out after they germinate, and to reduce the time, effort 4nd 
risk in covering by hand, brushing or trampling. A large rake or small harrow
 
could be pulled by two men or an animal to work seed in on small areas. When 
suitable animal power or small tractors become available, larger harrows can 
be assembled from the small harrows. 

9Ibid., 
pp. 59-60.
 

10I d., p. 22.
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remove wood seeds, impurities
c) CleaninA Some method is needed to 

Until such time an improved, tested, cleaned and treated and non-viable seeds. 


or until conercial
seed can be made available by seed multiplication stations, 

seed is used. hand farmers need better means of processing 
locally produced,
 

threshed and selected seed for stocks.
 

Row Markers For larger seeds and hill-planted crops, simple
d) 


row markers are needed to encourage row-planting, spacing, and better weeding 

techniques. A large rake-like marker with single teeth for each row can be
 

made locally from wood. 
Beams could have several holes into which 
pegs could
 

be driven for various spacings.
 

are
e) Job or Dibble Planters While hand hoes and planting sticks 


effective in the hands of good workers, simple mechanical devices 
are needed
 

Hand planting
to permit planting a given number of seeds at the proper depth. 

can be devised to make a standard-size, uniformtubes in the simplest form 


be dropped through a tube from an erectdepth hole into which the seed can 

This type of improved planting hoe was
position and covered with the feet. 


developed by Van Beyma for southwest Ethiopia, and was well received 
by hand
 

11

farmers. 


More versatile dibble planters can be 
 made to eject three or fOur seeds of 

as the
maize, beans, or sorghum each time the dibbler is jabbed into the soil, 


single dibblers can be joined
operator walks along. As proposed by Cooper. two 


For narrow spacing, one man can
by a spacing bar of the desired row width. 


operate both dibblers simultaneously; for wide spacing over 90 cm., 
two men
 
12
 

could operate boLh dibblers 
in unison.
 

So far, no entirely satisfactory hand-operated
f) Wheeled Seeder 

Dev
push- or pull-type wheeled s der is available for the small farmer. 


elopment work should be continued to perfect an inex,*neive, dependable, ac

curate and versatile, slow-speed seeding unit which could be used for spaced
 

drilling or hill planting.
 

Hand Weeding and Pest Control
 

1) Limitations and Constraints
 

The Nigerian hand farmer's bottleneck problem is weeding, therefore, he
 

Shaabaugh asserts that while short-handled hoes
only plants what he can weed. 


are used for weeding and thinning, "we doubt that the individual farmer would
 

11

Pieter Van Beyma, Agricultural Hissiocary, American Presbyterian Mission, 

Gila, Ethiopia. Personal Comunication, January, 1969. 

12Cooper, "Mechanization on Small-scale Farms and Ox-drawn Equipment, 

Part ll," p. 1. 
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be able to appreciably increase his acreage by [simply] changing his hand
 
1 3
 

tools." 

a) Weeding Frequency and Rainfall. Bengtmson reported that all
 
interviewed farmers in Ethiopia are more or less aware of 
the heavy weed in

festation In their fields. 
Although they know about the importance of proper
 

weeding and suggest frequent weeding as a remedy, they do not practice it.
 

Rains not only give a flush to all vegetation but provide excellent con
14 
ditions for re-growth of recently eradicated weed plants. Generally, no
 

hand weeding takes place between plowings or before planting.
 

b) Effect of Weeds on Yields 
 In the present situation, weeds
 
cause yield decreases due to the competition for light, nutrients, water and,
 

furthermore, many weeds harbor and transmit diseases and give suitable con
ditions for pests. The present unsatisfactory soil preparation in combination
 

with a surplus of water during the 
rainy season also stimulates weed growth.
 

Bengtsoon emphasizes that "weeds are one 
oi the main limiting factors in order 

to raise yields. . . . Although the fields have been plowed rather recently to 

prepare the seedbed , the plowing is by no means very efficient In eradica
15
 

ting weed plants." 


c) Effect of Cultivation Practices on Weeding Sommerauer says,
 
"there is 
a great disparity between the efficiency of hoeing implements and
 
that of weeding methods. The use of iuproved hoeing implements and row plant

16
 
ing should therefore be strongly encouraged." 


Haynes stat. 9 tied ridges that favor sotU and water conservation also
 
render weeding more difficult, producing ground conditions in which simple
 

hoeing may not kill weeds unless the sun is unusually fierce.
1 7
 

2) Need for Improved Weed and Pest Control Tools and Practices
 

a) Limitation of Hand Tools 
 Shambaugh believes the Individual
 

Nigerian hand farmer cannot appreciably increase his output by Lhanging his
 

tools. He suggests the farmer can increase production by two methods: by
 

becoming a mixed farmer and using animal power with an Ariana or 
similar ani

ual-drawn tool carter that will do more than a single tillage operation; or 

1 3 Shambaugh, SuwmaAy 06 the DevetopmentC in Pitog/L4hve Mechanizoaon 6o't
the Hanid wtd Mixed Fadmew in .the Savannah o6 No~theu, Nieuia, p. 2.14

3angtoson, 
 op. cit., pp. 45-6. 
15Ibid., 
p. 25.
 
1 6 

Somerauer, op. c.., p. 14. 
17Haynes, t.ie6 Reviev o6 Mechanization Expe&ment6 in Nothe'uu higeAi.a, 

p. 18.
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by hiring some of his heavy tillage and cultivating done by a mechanized farm
18
 

ing contractor.
 

b) Seriousness of Weed Competition Bengtsson reports the competi

tion in Ethiopia between crop and weed plants is very conspicuous and field
 

investigations confirm farmer's complaints. He says, for broad beans and peas
 

there are 27 	and 43 crop plants compared with 898 and 688 weed plants, respec

tively, per unit area. On an average, over 220 weed plants are found per
 
19
 

square meter In 	fields prepared for planting.
 

c) Innovations in Weed Control In coenting on the farmer's in

terest in possible innovations with respect to weed control, Bengtsson sug

gests how this can be achieved:
 

Although chemicals are both available and efficient against
 
some weed species their handling and cost will restrict their
 
distribution at present. Instead emphasis should be put on simple
 
innovations one of which is . . . row planting combined with regular
 
weeding . . . (to) raise the yields. Furthermore, seed could be
 
saved due to less seed rate, and the row planting will give way
 
for the introduction of a simple long-handled hoe which will ease
 
the weeding procedure. Preferably, this could be applied to crops
 
such as maize, sorghum anidbroad beans.

20
 

With regard 	to possible new approaches to weed control, one farmer
 

stressed crop rotation to decrease the weed flora in cultivated fields and two
 

farmers left heavily weed infested land idle and then plowed it two or three
 

times. 21
 

Although this way of thinking is revolutionary to the small farmer, many
 

of them have declared their interest. The results of an investigation of far

mers toward new tools is recorded in Table IV.2. The majority of farmers are
 

interested in trying row planting, and those around Kulumsa seem to be con

vinced of its advantages. As to the increased requirements of labor, there is
 
22
 

no objection if 	it pays.
 

TABLE IV.2 	 ATTITUDES OF FARMERS TO THE INTRODUCTION OF ROW PLANTING AND
 
INTENSIVE WFRDINGa : KULUSA ETHIOPIA
 

Question 	 Would row planting Acceptance sf the harder work
 
be an improvement? following iutensified weeding
 

practice?

Responses Le interested Doubts No Yes Yes, If Convinced No 

- percent percent 

TrLal 11 52 26 11 62 32 6 
aBengtsson, op. Cit., p. 50. 

1 8 
Shambaugh, SmWYa o6 the Devetopent i Pt'opeAhive MechanizaiZon 6o 

the Hand and Mtxed Fdameu in the Savannah og Noa.thmen WqeA.a, p. 2. 
19 

ngt.son, op. Cit., p. 60. 
20 
2 1 bid., p. 5o.
 

2Ibdp. 46.

Ibid. 
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d) Use of Lone-handled Hoes Seager says, "with improved [long
handled) hoes, the expected hoeing capacity is one acre [0.4 hectares) a day. 
For hoeing in rows, use a 9 inch [23 cm.) Dutch hoe and teach the cultivator
 
to hoe only where tines cannot reach, and do not attempt to mold ridges." 

2 3 

e) Sprayers for Small Farmers In May, 1967, NIAE conducted a fair

ly comprehensive test in Malawi on sprayers and found that they could stand
 
only five hours of continuous use. As a result, the Ministry of Overseas
 

Development founded a coittee to develop a hand-operated knapsack sprayer
 
able to stand up to roughly 300 hours of work without requiring servicing.
 

A satisfactory knapsack sprayer is being developed for use with all crops,
 

though mainly for cotton. Mr. Le Quinio said a knapsack sprayer with a boom
 

made by Ulyane Fabre in France has accomplished hundreds of hours of work with
24
 

out any breakdowns.
 

Hand Harvestink, Threshing and Processing
 

1) Limitations and Constraints
 

a) Restrictions on Use of Scythe When cereals are reaped with a
 

scythe and cradle, they are cut low. Crops are cut with a sickle to facilitate
 
threshing by animal treading, sled or roller threshers. Cutting with the
 

scythe and cradle therefore presents certain difficulties in countries where
 

these threshing methods prevail.
 

Grain can be reaped with a scythe and cradle three times faster than with
 

a sickle but flat fields with uniformly standing crops are required. Hopfen
 

says the cradle has been tried in many countries for reaping paddy rice but
 

nowhere has this method been completely accepted because of the high proportion
 
of lodged crops, the soft and tough rice straw and the tendency of the grain
 

to shatter. However, in a good standing rice crno, reaping with a cradle is
 
25
 easy.
 

b) Restrictions on the Use of Sickle Hopfen further points out that
 
for mowing grass In substantial quantities, the sickle is so slow and tiring,
 

that it d' ;ourages cutting forage and making hay In regions where it is the
 
26
only available harvesting tool. In many semL-arLd zones where only tae
 

23A. Seager. Sore Ag4i.cutMALt Enginei P'obtem. ReWed to the Fa.'u 
S l.mnt Schee o6 WeteAn Region Repo4t to the GoveAn'menit o6 Nigaca 
(Rome: Food and Agricultural Organization of the United Nations, 1963). 

24Aknt 06 a Mee.,ng o6 Speciatat ComnLttee on Agjti.cvut./ £adUncA 

Hd at NojJieltn ReAeA.ch Cente., Tengeu, Au4ha, Tntzut a, p. 12. 
25
Hopfen, op. cit., p. 112.
 
26Ibid.. p. 100.
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sickle is used, straw becomes the basic fodder for domestic animals during

27
 

seasonal forage scarcity.
 

c) Lack of Simple Processing Tools In the threshing operation, hand
 

winnowing in the wind often takes no more time and presents more difficulties
 
28
 

thaa the actual threshing.
 

Suitable processing machinery is needed for small-scale growers. On
 

sisal the most laborious operation is the work of carrying the bundles down
 

the row. A group of consultants recently suggested that since cutting the
 

leaf is a skilled job, efficiency could be improved by carrying the leaf out
 
29
 

on stretchers.
 

2) Need for Improved Tools and Practices
 

a) Hand Threshers and Winnowers There is a need for more efficient
 

threshing machines for hand farmers. Simple winnowing machines could greatly
 

speed up the grain separating process after threshing. While a fanning mill
 

would be preferable, an efficient crank- or pedal-powered fan to produce an
 

artificial wind would greatly facilitate grain cleaning and processing.
 

b) Grain Cutting Too)s Scythes with or without cradles can greatly
 

increase cutting and mowing capacities of hand farmers growing wheat, barley,
 

and other small grains.
 

c) Shellero and Decorticators Maize shellers and groundnt de

corticators are only used to a limited extent. Demonstrations on how to use 

and adjust decortLcators and small drum threshers need to be conducted. 

d) Grain Storage Facilities Better storage facilities are urgently
 

needed by nearly all farmers so they will not be forced to sell crops at har

vest time. With good storage, as farmers raise more crops they can store them
 

until needed or sell when market prices are favorable. At present most small
 

farmers store in open rooms or in open woven baskets set on poles and covered
 

with a thatched roof which are very subject to rodent and Insect attack.
 

e) Pest Control Bengtsso cites farmers' interest in innovutions
 

with respect to pest control:
 

A lot of complaints are expressed by the farmers about agri
cultural pests. Since quite a few farmers already know about the 
possible application of chemicals, it was often affirmed that this 
way of Lontrolling pests ought to be tried. No farmers were in

27 lb .., p. 123. 

28Uit.d., p. 126.
 

29numu 06 a Meeting o6 SpeciaLt CoppniUee on Agttiaupa MachZnAty
Hetd at UJgep n Re~eancJ Cen.fr.A, TeAgew, AMuha, T'anatZla, p. 13. 
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different to buying insecticides but 60 percent of the tarawa30
 
wished to buy provided they could do so at a reasonable price.
 

f) Processing Grain for Cooking African women work very hard in 
preparing food. A simple device for semi-mechanizing the traditional method 

of pounding grain was observed In Asia by 14a. It greatly increased the work
 

capacity and reduced the labor. Ma comments about the treadle mortar intro

duced (1963) in the Vietnamese villages:
 

The mountaineers like it very much and almost every farm
 
household has one unit of this mortar. The treadle mortar hns
 
a main beam 3 to 3.8 meters long, pivoted by a wooden axle onto
 
the supporting frame, dividing the beam into two arms at the
 
ratio of 1:2 approximately. The ohort arm is for the operator
 
to tread. Onto the long arm is [attached) the pounding pestle

and below it half sunk into the ground is the mortar. With
 
this equipment paddy rice may be hulled anilpolished into five
 
kg. of white rice within 20 to 60 minutes.
 

Animal-powered Agricultural Systems
 

Importance of Draft Animals in Selected Equatorial African Countries
 

Far from diminishing in importance, animz-dt i. tikely to'urman a 

nmjo4 aomce o6 po'we6o4 the emvetgn9 Adtcan 6maeA 6o the MAmandeA o6 
CL LntuAy. Power available to the srall cultivator has not changed since 

Hupfen pointed out in 1960: "Nearly 85 percent of the total draft power used 

in agriculture throughout the world is still provided by animals, although 

the itumber ot agricultural tractors has doubled every ten years sitice 1930." 32 

Cattle are the main source of draft power in South and East Asia, 

and in parts of Africa, south of the Sahara, including the Sudan and Ethiopia.
 

Donkeys are the typical pack animals used from Ethiopia to China. Camels are
 

used for transport in the deserts and arid zones from West to East Africa.
 

Few horses or mules are used for agricultural field work in Equatorial Africa.
 

Wile animals can carry loads, pulling is best suited to them. Animal 

draft can be converted into rotary power to operate pumps and other revolving 

machines, but the poaer-train and gears necessary for the relatively small 

amount of low-speed power produced are very costly. This type of power becomes 

uneconomical when small engines are available and fuel for them is readily
 

obtainable.
 

Hoving !rom human muscle, animals represent a major step in changing the 

power in the agricultural system. But wherever used, incua6Cd powe/A m"6t be 

apptied though improved i.mptemen~tAin the hJand6 o6 betteA 6aAme before it 

can bring about benefits io agricultural productivity. As stated by Cochrana,
 

30Bengtsson, op. cUL., p. 54. 

31 e, op. c.it., pp. 43-44.
 
32

hopfen, op. c.i., p. 8. 
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.an increase in the availability of power together with improved tools in
 

hands of skilled cultivators determines to a large extent what can be done
 

with basic agricultural resources." 
33 

Whatever the scale or level of agri

culture, the small farmer is a tool user. Further improvement comes more from
 

the intr',,iction of better tools thsn from increased skill in using old ones.
 

Because labor in Equatorial Africa is generally plentiful, most productive
 

operations on smaller farms can still be done economically with improved ani

mal-drawn and hand-operated implements. The use of improved implements has a
 

direct effect on the production of food and fiber. The CE2TO traveling bem

inars emphasize:
 

Effective implements promote and encourage adoption of new
 
farm practices. It is here that the improved farm implements
 
can play their best role. Better cultivation can be achieved
 
either by use of power-driven machinery or by more effectively
 
designed animal- or hand-operated tools 3 epending on the re
quirements and resources 
of the farmer.
 

While engine-powered machinery nay be employed successfully in some areas
 

of each country, wherever animal power is appropriate improved types of animal

powered farm implements are needed to facilitate better farming practices such
 

as the controlled placement of fertilizer, row-planting and rapid and effective
 

weeding. Investments in implements and tools are few and limited by the far

mers' lack of knowledge, lack of local availability, higher costs of improved
 

implements and the farmer's restricted financial and agricultural resources.
 

Ethiopia
 

In the Chilalo Agricultural Development Unit (CADM) project area, Leander
 
35 
made a case study of typical animal-powered farmers in two areas. Somv data
 

on one group of farms is presented to describe major tools and oxen and how
 

they are used. Total labor requirements, sources and utilization are also
 

given.
 

1) Inventory of Tools
 

Table IV.3 lists the kinds and value of farm tools possessed by farmers. 

Whilo hay forks and ox yokes apparently are the only tools entirel) made by 

these farmers, grain shovels also are commonly homemade. The average farm 

investment in tools is very low or slightly over $8.00. Interectingly, the 

small sickle was valued almost as much or equal to the plow. 

33

Cochrane, 
op. cit., p. 31.
 

34Central Treaty Organization, Op. ci., p. 16.
 
35


Leander, 
 op. ci.., p. 157.
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TABLE IV.3 FAMERS' INVENTORY OF FARM TOOLS: CASE FARMS, YELOKA, ETHIOPIA
FEBRUARY, 


19 67a
 
Farm 
 Yl Y2 Y3 
 Y4 Y5
 

Number Value 
 No. Value No. Value No. Value No. Value
 
Tool of tools
 

dollars dollars 
 dollars dollars 
 dollars
 

2 3.25 1 0.75 1 0.50 1 n.a. 2 1.70
Grain shovel 2 2.00 n.a. n.a. 1 0.75 n.a. n.a. 1 1.00Hay fork I n.a. n.a. n.a. 3 n.a. 1 n.a. 2 b
 
Hoe 1 1.00 n.a. n.a. 1 0.50 n.a. n.a.
n.a. n.a.
Ox-yoke 3 n.a. 1 n.a. 2 n.a. 1 n.a. I b
Plow 3 6.00 1 1.50 2 3.50 1 2.50 2 3.00
Sickle 1 0.75 2 2.00 3 2.25 2 2.50 3 2.25
pade 1 1.00 n.a. n.. 
 n.e n.a. 1 1.50 n.e. n *e.
 

rotal Value 14.00 4.25 7.50 6.50 7.95
 

aLeander, op. c.it., Table 2, p. 20. 
bLocally made by farmer; value not estimated.
 

2) Number and Utilization of Oxen
 

All Yeloma farmers involved in Leander's study use their oxen in work on
 
the farm; the jobs are plowing, threshing and transportation. Plowing is by
 
far the most time consuming while transportation of the crop on a kind of 
sled
 
to 
the threshing place constitutes only a minor share of the oxens' total work.
 
Table IV.4 shows that farmers on the average use their oxen only about 30 
percent of the working days. 
 Even during the peak work periods during plowing
 
farmers use oxen to only 70 percent capacity. The average number of oxen per
 

farmer Is 3 to 4. 

TABLE IV 4 UTILIZATION OF OX-POWER BY FARMERS: YELWA, ETHIOPIA, 1967 a 

Number 
 Number of Number of Average Number Number of Maximus
 
of oxen oxen-days oxen-days utill-
 of oxen- oxen-days utili

arm performed maximum b zation 
 days per maximu zation
 
per year capacity AB formed I capacity 
 C4D
 

a peak in a peak
 
weekc week
average A 
 B percent C D 
 percent
 

l 6.0 230 1,314 18 24 
 36 67
 
Y2 2.0 108 438 25 10 12 
 83
 
Y3 4.5 342 986 35 18 27

Y4 3.0 182 657 28 12 18 

67
 
67
Y5 2.0 178 438 41 8 12 67
Average . 208 
 767 29.4 14.4 21 70
 

aAdapted from Leander, 
op. cit., Table 22, p. 57. 
bAfter deduction of Sundays and holidays, 219 working days remain per 

year. 
CA peak week Is six working days. 
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3) Ox-power Required per Cultivated Hectare
 

The Table IV.5 shows a calculation of the amount of ox-power required for
 

each hectare of cultivated land for all crops.
 

TABLE IV.5 UTILIZATION OF OX-POWER PER HECTARE CULTIVATED LAND: YELOMA,
 
a


ETHIOPIA, 1967


Total number of ox-pair Cultivated area Number of ox-pair days
 
Farm days used on the farm hectares per hectare cultivated
 

land
 

Y1 115 4.88 24
 
Y2 54 1.27 43
 
Y3 171 4.10 42
 
Y4 91 4.12 22
 
Y5 89 1.81 49
 

aAdapted from Leander, Op. c.i., Table 14, p. 45.
 

4) Labor Input Per Cultivated Hectare
 

Below is an estimate of the labor in crop production in relation to total
 

farm labor. Labor in crop production accounts for approximately 60 percent of
 

productive tasks. Calculated also is the amount of man-hours worked per hec

tare of cultivated land. No distinction has been possible between different
 

crops. 

TABLE IV.6 LABOR INPUT PER CULTIVATED AREA OF CROPLAND FOR OX-PLOW 

FARERS: YELO(A, ET1IOPIA, 1967' 

Labor in Total farm Labor in crop Total Number of man
crop pro- laborb production as cultivated hours in crop pro-


Farm duction 	 percentage of land duction per hectare
 
total farm cultivated land
 
labor
 

man-hours man-hours percent hectares man-hra./ha.
 

YI 1,399 3,254- 43 4.88 287
 
Y2 965 1.373 70 1.27 760
 
Y3 2,118 3,775 56 4.10 517
 
Y4 1,341 2.582 52 4.12 326
 
Y5 1,396 2,557 55 1.81 771
 

aAdapted from Leander, 
op. cit., p. 42.
 
bActivities in crop production and animal husbandry.
 

5) Farmers' Use of Working Hours
 

The utilization of all available working hours during one year of farm

ing and related activities by the-same group .. ox-plow farmers in Ethiopia 

was recorded by Leander. For these farmers the work of crop production ac

counts for less than one-third of their work time. Taking care of livestock 

took about one-tenth of total work time. Other activities included: going to 

market; gathering fuel; fencing and housebuilding; work for others; leisure 

time; sickness rnd miscellaneous tasks such as court attendance and elder 

meetings. All but one spent more time in leisure activity than in the field. 
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In addition to the farmers' labor, extra help was used for farm tasks of 

crop production and animal husbandry. The wife and other family members sup

plied most of this extra labor although outsiders were also used for 5 to 10
 

percent of this work, apparently in exchange for similar help.
 

6) Interest in Better Farming Methods
 

In a surv I of every 25th farmer in the CADU project area, the extension
 

agents found that ott were interested in chnnging their present farming
 

methods.
36 

Almost all believed they could increase the output from their farms
 

with i) better seeds, 2) better plows, 3) fertilizers, and 4) more frequent
 

weeding. More than half thought that better hand-hoes, insecticides, better
 

storage, more and better grassland and up-graded cattle also would be good.
 

The survey indicated that 31 percent of the farmers burn fallow land sod
 

in heaps before planting. Over two-thirds said that they used sore manure to
 

fertilize crops: 32 percent fertilize wheat, 59 percent barley. 43 percent
 

maize, 27 percent beans and legumes and 19 percent sorghum. Manure was used
 

by 73 percent of all farmers for fuel and 70 percent used wood. Ninety-nine
 

percent of farmers reported they had rodent proble=s with their stored grain,
 

and 39 percent said they were troubled with insects. Of all farmers, 55 per

cent reported their land was eroding but they were not doing anything about it.
 

Extension agents classified 26 percent of the farms as having severe erosion
 

and 29 percent with mild erosion.
 

Tractors and plows are rented to a certain extent in Asella and around
 

Kulumsa. Bengtsson reported that it is "limited to those few who can afford it
 
3 7 


(8 percent) although about 40 percent would pre'er tractor plowing.' A fairly
 

high proportion of the farmers south of Asella (27 percent) have not 6een a
 

tractor and modern plow. The efficiency of a tractor plow was considered far
 
38
 

aware of it.
more effective by those 


Ghana
 

I) New Areas for Potential Mechanized Farming
 

Soils are sufficiently level for potential mechanization on a small, nar

row strip of land along the seacoast east of Accra. Here thL rainfall is 76 to
 

102 cm., the lowest in Ghana. The soils are mostly Sodium Vleisols, Savannah
 

Ochrosols, Regosolic Ground-Water Laterites, Tropical Black Earths, and Acid
 

Vleiaols. If irrigation water were made available from the Volta River dam
 

at Akosombo, this area would have a moderate potential for mechanized farming. 

36Chilalo Agricultural Development Unit, Get.Aomt Ag',icu&AnL Suivey oS 
.de Pujea.Aea, p. 34. 

37
Bengtsson,. op. cit., 
p. 15.
 
38Ibid.
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The area of greatest potential for mechanized agriculture, however, is
 

northern Ghana, comprising the northern half of Brong-Ahafo region and all of
 

the Northern and Upper Regions. This area contains approximately 11.7 million
 

hectares with an estimated present cultivated area of less than 5 percent.
 

±n northern Ghana the land is fairly level and rainfall averages 114 cm.
 

a year, 95 percent of which falls during the six-month period from April to 

October. This rainfall pattern is satisfactory for producing most tropical
 

annual crops. Furthermore, a large (but as yet undetermined) part of the area
 

ca, be irrigated from the backed-up Black Volta and White Volta Rivers as a
 

result of the dam at Akosombo in southeastern Ghana on the main Volta River.
 

The area of greatest potential mechanization in Ghana lies between 70 31'
 

and 110 north latitude (to the northern border between Ghana and Upper Volta)
 

and extends east and west to the borders of Togo and Ivory Coast respectively; 

(it also extends into Northwestern Togo, southern Upper Volta, and Northeastern 

Ivory Coast).
 

2) Farm Size Needed to 06m an Ox Team
 

It has been estimated for northern Ghana that an area of 4-6 hectares of
 
39
 oxen.
 

crop land is necessary to justify a farmer's owning a pair of 


Nigteria 

The number of animal-powered mixed farmers (35,951 in 1964) is very small 

in relation to the 4 million hand farmers in the northern region. In this 

(1964).40 connection the following limiting factors are mentioned by Alkali 


1) Lack of Capital
 

A considerable number of rural people in the past have been unable to
 

establish themselves in farming through lack of sufficient credit facilities
 

in the Niget'an Native Authorities to purchase the required cattle and equip

ment. Provision of $2.24 million was made under Project 13 of the 1964 Devel

opment Plan to provide additional facilities for over 5,000 new farm owners 

per year. Administration of this scheme pivoted on northern Nigeria's system
 

of local government and heredity laws.
 

2) Effect of Tsetse Fly 

The incidence of trypanosomiasis restricts cattle-keeping south of the 

line of latitude 100, though considerable expansion is possible south of this 

line in Bauchi and Adamawa Provinces. The onward spread of tsetse since 1944
 

has severely affected mixed farming in some areas, notably Zaria Province.
 

3 9

See Table 11.27.
 

4 0 .M. Alkali, wokz An nM2 and In .ato.on o Ca.Ue .in M.xed FAmrlg 
in No iJmau Nigata Paper presented at General Annual Conference, Nigerian 
Agricultural Society (mimeographed) (Ibadan: Papers on Agricultural Engineering 
in Northern Nigeria, October, 1964). 
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Efforts at treatment have shown that in settled cattle, drug resistant strains
 

of trypanosomes soon develop. In the light of this difficulty, the region has
 

been divided into areas of encouragement, doubtful, and discouragement.
 

3) Wastage of Resources
 

Part of the wastage of resources is tue to animal losses caused by try

panosomiasis and .ther diseases. Funds from hiring charges are used for some
 

easure of insurance and replacement. A major part of the loss is due. however, 

to lack of th-ift and management rhich causes many farmers to succumb to season

al shortages of animal feed or .*ther difficulties. The development of cooper

ative thrift and other societies is expected to overcome this.
 

4) Staff Shortage
 

The agricultural extension staff is not responsible for col'ection of
 

debts or other routine duties associated with the Mixed Farming Sc,,eme. How

ever, great improvements are needed in both the quality and the numbers of
 

extension irker. .nmixed farming areas, and indeed in all areas. Intensive
 

training programs for all staff levels, outlined in the 1964 Development Plan,
 

were aimed at providing one extension worker for every 2.000 farmers by 1968.
 

During slack times of the farming year, intensive courses on specific subjects
 

are provided at provincial and regional levels. in addition, the Ministry's
 

Farm Institutes Program is intended to provide a nucleus of trained young farrn

era to lead agricultural developmnt in all administrative divisions of the
 

North.
 

5) Optimal Sized Holdings
 

Over half of the mixed farmers have less than 8 hectares of land, es

pecially in the closely farmed areas around large population centers. Some
 

consolidation has occurred but many still have a number of scattered fields
 

and collect their cattle feed, bot.. grazing and cut fodder, outside their farms.
 

In establiahing new mixed farmers, the aim is for each farmer to have the use
 

of as much undivided land as is consistent with the land resources of the area, 

with a minimum of 8 contiguous hectares. In Katsina and parts of Kano Province, 

a more intensive system embracing the heavier use of fertilizer and feeding
 

stuff is followed, and mixed farmers perform contract cultivation for neigh

bors.
 

Tanzania
 
4 1 

Present Methods of Ox-Cultivation1) 


4 1
 
A. Scaife, Research Officer I, An Ox-dtmsm Iptement 6o4 Weeding and Tie-

Ridging Progress Report No. 10 (mimeographed) (Ukiriguru. Tanzania: Western
 

Research Centre, January, 1967
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Ox-cultivation is the dominant method of farming In most parts of Shin

areas. Almost invariably this 
other western and northern yanga region, and in 

by hand weeding with 
means flat-plowing and broadcast seeding followed 

in number from two to twelve per team with one to 
JfmbeA. The oxen used vary 

but for weedingis generally high,
three men to drive. The standard of plowing 

it is less than ade 4uate.
 

The Weeding Dilemma of Ox-powered Farmers
2) 


Collinson, in 1963, illustrated the dilemma of farmers who 
cultivate by
 

oxen. He surveyed 62 farmers in Maswa, of whom 31 used their own 
oxen for
 

The
 
cultivation while most of the remainder hired either tractors 

or oxen. 


ma'nr effect of changing from hand cultivation to 
ox cultivation was to trans

shown in Table IV.7.
 
fer the labor peak from primary cultivations 

to weeding, as 


LABOR INPUTS FOR MAIZE 
AND COTTON: TANIZA&IA
 

TABLE IV.7 

Flat land (ox) Ridge (hand)


Cro. and o eration 
 - - - man Aays per hectare - - 
50
 

Cotton: 
 Primary cultivations 
10 


37
64

Weeding 
 84
 

Maize: Primary cultivation 
12 


22
18
Weeding 


aAdapted from Collinson, FOAm M4a,nagement Stvey Repo'.t No. 3. 

flat planting, the inputs required per hectare 
Collinson showed that with 


and maize, to only 
 10 to 12 nan-days,
fell from 50 and 86 man-days for cotton 

an ox-plow and flat 
of the potential impact of 
a measure
respectively. This is 

He concluded, "the potential increase traditional system. 


labour efficiency through increased acreage from 
flat cultivation is
 

cultivation on the 


in 

. . . It is
 

extra labour input required for weeding
reduced by the 


certain, however, that no significant benefits have accrued 
to those farmers
 

4 2 
an ox-plough."
Jonly] in 


who have invested 

the major factorthe weeding problem is now 

There can be little doubt that 

limiting expansion of both yields and area 
where ox-plcing is e3tablished,
 

but where efficient weeding tools and methods 
have not been introduced.
 

The Decline of Ridging and Tie-ridging3) 


Ridging, not to mention tie-ridging, has 
been almost completely abandoned 

the fact that on research stations,
in ox farming areas of Tanzania, despite 

to give definite 
as opposed to flat cultivation, has been found

tie-ridging, 
as Shinyanga where ox

the semi-arid areas such 
yield increases, especially in 

cultivation predominates. Tie-ridging by hand requires about 15 more man-days
 

that on an average this labor
 of labor per hectare and Collinson points out 

4 2
Collinson. Fa MarqeuwAt SuAvey Repot No. 3, p6uaim. 
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can be used more profitably to extend cultivated area.
 
The desirability of tie-ridging most soil types to prevent loss of rain
water and top soil is undeniable.4 3 
 Until now, however, very few farmers have
found it profitable. 
Besides the extra labor, plant populations and fertility


levels in ridges have been discouragingly low.
 

4) 
Use of Ox-rideers and Inter-row Cultivation
 

Rounce, in 1949, said the ox ploweshould be discouraged on lighter soils
 
because of the danger of erosion.44 Attempts Veradrawn plow to make 152 

mode to introduce an oxcm. ridges, but it proved impractical because ofhigh draft required. 
the 

The normal q2 cm. ox-ridger has been in disfavor because 
the ridges vere not considered large enough to withstand erosion. 

At Ukiriguru, during the 
last five years, there has been a gradual change

from 127 cm. 
to 92 cm. 
ridges to allow tractors and work oxen 
to get into the
 
crop for spraying and 1.ter-row cultivation. Experiments show no consistent

yield differen~ces betwien crops grown on either ridge. 
 With maize and cotton,

only one crop row is p.anted on a 92 cm. 
ridge ac compared with two on a 127
 
cm. ridge. The center strip on 
top of 
the wider ridge cannot be reached as
 
effectively by cultivation implements.
 

The normal method of inter-row cultivation with oxen is to pass through

the crop, first with a five-tined cultivator and then with a ridger to reform

the ridges. 
 The latter used by itself scrapes weeds more effectively from the

bottom of the furrow than from the sides of the ridge. 
 The cultivator tends
 
to dig deeply into the sides of the ridge. 
 Two operations 
are necessary, re
ducing the work rate to about 0.3.hectare per day and ties must be added by
 
hand.
 

5) A Tie-ridging and Weeding Attachment for Ox-ridgers
 

Stokes, 
in 1963, devised a dimple implement to do weeding end tieing with
 one operation with two well-trained oxen.
 4 5 

It consists of half a worn 66 
ca.
tractor plow disk, mounted transversely 
on a short beam which hinges on the
 

beam of an ordinary ridging plow. 
 The disk is raised and lowered with a
handle by the operator and the oxen 
are yoked with a 
2.45 c. yoke so they
walk in alternate ridges. Cost of the locally-made unit is about $5.00. The 
rate of work is about 0.6 hectares per day, 
or three times as 
fist as regular 
plowing. 

43

Scaife, 
op. C., p. 2.
 

44N.Y. Rounce, The Ag94cuLtae o6 the Cu 
Longuans, Green and Co., 

vation Steppe (London:
1949).
 

45A.R. Stokes, Hachaniation 
and the Peasant Farmer," Wod Cop6,Vol. XV (December, 1963). 
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Ridging provides planting lines which are sn essential prerequisite for
 

inter-row cultivation and, provided the ridges are on contour, can increase
 

rainfall retention and infiltration. In operation the tie-ridger scrapes soil
 

from the furrow and deposits it as a tie, by lifting the disk handle about
 

every three mkttrs. The tie-ridging attachment also cleans the ridge sides,
 

which the ridger does not do satisfartorily. Work quality depends msinly upon
 

straight and uniform ridge width. Under ideal conditions it is possible to 

reduce the amount of hand-weeding to the minimum. 

Ridging on Tropical Black clays is not feasible with a disk plow, or
 

with oxen power because of the hardness of the soil. For such soils, the
 

Ukiriguru Western Research Station recoends flat-cultivation as appro

priate.
 

Cultivation Practices and Animal-powered Tools
 

Land Preparation
 

1) Limitations and Constraints
 

a) Disadvantages of Indiaepou. Breaknag-plows They have very low 

working capacities; land must be plowed three to four times. Since the soil
 

is not turned over, the weed seeds are not buried deep enough to prevent new 

germination and plowed fields become very weedy. The points have ineffective 

cutting action simply pushing aside weeds with teugh roots. Inadequate plowing
 

makes it impractical to turn under green manure plants and to grow fodder crops
 

for livestock feed.
 

b) Lack of Sharp Tools Gabathuler reported tools in Ethiopia are 

never sharpened although there are many sources of good sandstone. Dull tools
 

cause much waste of material, effort and time, and especially for plowing,the
 
46
 

working time is very high.
 

c) Increased Erosion Improved plows and more power for effective
 

tillage and weed control requires greater emphasis on soil and water conser
vation me&ures. The land will not be as rough and resistant to erosion since 

;illage is deeper and more vegetation will be buried. Deep plowing alone
 

greatly increases the danger of erosion. Plowing must be done on the contour,
 

and rows planted across the slopes. Strip-farming my need to be practiced
 

along with terracing, use of grassed waterways and sod crops in rotations.
 

More research is needed on the economics, practicability and implementation 

of such systems. The increased use of manure will also cause greater weeding 

problems unless It can be buried deep enough to prevent weed seeds from germi

nating. Hlopfen states the breaking W has advantages from the viewpoint of 

6

4 Gbathuler, op. cit., 
p. 4.
 

2-364
 



erosion coLnrol:
 

The technical features, low cost, simplicity of design and
 
ease of operation possessed by breaking aAd6 are advantages 
which should not be underestimated, especially for moisture 
conservation in regions particularly exposed to wind and water
 
erosion. Their disadvantages . . . do not jistify attempts to
 
substitute them with moldboard plows in the aforementioned
 
regions (including parts of tropical Africa] 4 7 

2) Need for Improved Animal Tillage Tools and Practices 

a) Requirements for a Successful Plow The basic requirements for
 

a successful plow bottom are the same whether it is animal- or tractor-powered.
 

The size, weight and shape of the plow should be suited to the soil conditions
 
and power available. There should be a choice of moldboards to suit different
 

soil conditions. Soil moving parte should be made of high carbon steel or
 
special soft center plow steel to &ssure long wear and good scouring. Wearing
 

parts should be easily removed for sharpening or replacement. Shares should
 
be made of the beat available material a.d %-tsharp. Dull or improperly
 

made shares waste power. About 50 percent of the power required in plowing is
 

used by the share. Easy and accurate adjustments are needed to control the
 
depth of plowing and width of furrow. This can be accomplished on aniual
drawn plows by changing the hitch-point, or providing holes or wedges to change 

the angle of the beam. A front gauge wheel is desirable on dry soils but is 
impractical on wet sticky soils typical of many parts of Ethiopia. 

b) Improved Soil Stirring (Chisel) Plows Plows of the non-inverting 

chisel-type are used in certain areas of each region of Equatorial Africa. 
Chisel-type plows, both animal- and tractor-drwn, are preferred for certain
 

soil and climatic conditions, particularly where stubble-mulch-farving is prac
ticed. In semi-arid regions where soils are subject to wind and water erosion,
 

adaptive research is needed. Some excellent results were observed in northern
 

Tanzania on large wheat farms using chisel plows, minimum tillage and strip
 
farming techniques.48 Various improved interchangeable shares and sweeps have
 
been fitted for more thorough tillage and effective weeding. Equipped with
 

ridging bodies or other working parts, this modern aW4 becomes a multi-pur
49
 

pose implement.
 

c) Improved Holdboard Plow The idea of an improved moldboard plow
 
is not new. r.. the advice of Gabathuler, some experimental plows were made in 

1953 by a private fir in Ethiopia. Satisfactory bc~h in construction and per
formance, their cost was about $12.00 to $16.00. The weight of the plow. 

4 7 Hopfen, op. et., pp. 59-61. 
4 8 John McCartney, Agronomist, Northern Research Center, Tengeru, Arusha,

Tanzania. Personal Comunication, October; 1968.
4 9 Hopfen, op.ct., pp. 59-61. 
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without beam, was 14.5 kg. and the traction power required about 200 kg. Its 

performance in heavy soils and under dry conditions was good, permitting plow
5 0 

to three times as much per hour as the local plow.ing of two 

d) VITA, .mproved Moldboard Plow for Oxen In Asia, VITA tested 

existing moldboard plows for suitability to local conditions. One considered
 

beat adapted to Afghanistan has possibilities for use in Equatorial Africa.
 

In testa by CADU in Ethiopia, it performed very favorably. The plow has been
 

given the name "village plow" because it can be made by local blacksmiths. 

Al. other plows tested were of the Western-type, modeled after horse or trac

tor-drawn plows. When used with oxen as straight-pole plows, they ae, unwieldy 

and hard to control. In contrast, the village plow handles well with its long
 

low share, and can be controlled as easily asothe local wooden plow, and
 

scours better in heavy soils. 

Rivets are used entirely in the construction of the village plow because
 

farmers lack wrenches to tighten bolts. Even the share is riveted to the mold

board ao that it can be easily replaced by the village blacksmith. Riveting
 

prevents loss of parts due to bolts becoming loose. Wooden wedges in the pole
 

bracket adjust the plow for depth of plowing. Raising the pole in the bracket
 

allows the plow to go deeper into the soil, while lowering the pole lets the
 

plow run shallow. The plow is adjusted so that the back of the landside runs
 

aa close as possible to the bottom of the furrow while plowing at the desired
 
51
 

depth.
 

e) Wood-bar Pet-tooth Harrow The CENTO traveling seminar describes 
simple harrow very suitable for use in Equatorial Africa. 5 2 

The low-cost 

wood-bar peg-tooth harrow is designed for animal or tractor power. Flexible 

linkage between the bars helps to give the harrow a self-cleaning feature. 

Teeth are spaced 20 cm. apart and the bare offset to give an average tooth 

apacing of 5 ca. The harrow can be made in any length to suit the power avail

able. The linkage is arranged to keep the teeth erect while in use but still
 

permits them to tip back and release accumulated trash.
 

Weeding and Inter-row Cultivation with Animal Power 

I) Limitations and Constraints 

a) Seriousness of Weeds In Equatorial Africa present methods of 

land preparation by ox plow in combination with a surplus of water during the 

rainy season facilitates wee-d growth. With low standards of cultivation, a 

soGabathuler, 
op. cit., p. 7.
 
5 1

Volunteers International Technical Assistance, (VITA) Motdbootd Ptow 
6o Use with Itt ~ChzA, n.d. 

5 2 Central Treaty Organization, op.cit., p. 117. 
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very serious problem exists in most farmers' crops. Bengtsson says, "about 

60 percent of the interviewed [ox-plow] farmers are of the opinion that weeds 

are the greatest problem in crop production. Assistance in the combat of 

noxious weeds is often requested and It is quite understandable that the labor

ious hand picking procedure is far from sufficient. A solution will require
5 3
 

not only a simple but also an efficient method with frequent weeding." 

b) Soil burning Soil burning is practiced In certain areas of 

Ethiopia, particularly south of Asella. Bengtsson reported that "in some cases 

weed growth is decreased, e.g., weed seeds are destroyed during the burning. 

• . . It is almost the only way of getting rid of all grasses and their roots.
 

since the present plough is short of moulding properties and so the organic
 
54
 

can not be mixed with the soil."material 

c) Proportion of Weeds to Cultivated Plants Bengtsson reported that
 

in Ethiopia, at the end of August there are about five times as many weed plants
 

in unreeded wheat fields as there are crop plants. The average number of weed
 
55
 

plants 28 times.
plants exceeds barley and flax plants three times and maize 


A disadvantage of manuring crops s mentioned by farmers who complain that
 

though manure is important for the crop, it also considerably increased weed
 
56
 

growth.
 

2) Need for Improved Animal Weeding Tools and Practices
 

a) Land Preparation for Weed Control To effectively destroy weeds
 

in land preparation a better plow is needed. An improved type moldboard plow
 

can greatly aid the farmer in controlling weeds in adequate rainfall areas
 

where it is desirable to turn under vegetation for green manuring and to dis

pose of heavy vegetative growth. Bengtsson reported:
 

"Very few farmers know about a better plough. Neverthe
less, 82 percent of the interviewed farmers have a longing for
 
a better soil preparation implement." [Furthermore,] "in
 
case an improved plough is made available, stronger animals.
 
for instance mules, must be provided." (He says,] "35 percent
 
of the farmers showed an interest in keeping mules as draught
 
animals provided they got the equipment needed and were trained
 
in the handling of It." 

5 7
 

b) Shortcomings of the Ridner for Weed Control In Ghana and Niger-

Is, moat ox-power farmers have only one implement, the ridger. With it they 

do all basic operations including land preparation, in-furrow weeding and 

53 engtsson, 
op. c.L., p. 26.
 

54Ibid., 
p. 11.
 

55Ibid., pp. 26-27.
 

56Ibid., p. 11.
 

57Ibi... pp. 
 14-15. 
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by removing the moldboards, groundnut lifting can be accomplished. With the
 

ridger they cannot weed the ridge tops which mist be cultivated by hand. The
 

technique of ridging the old furrow to clean out the weeds before splitting the
 

old ridges into it, helps to reduce weeds in the new ridge. Weedera can be
 

devised for ridge cultivation but it takes more power to retie the furrows and 

to re-bank the ridges. Planting on the flat offers advantages in weed con

trol which are simpler and less costly.
 

c) Need for Research in Weed Control Haynes reported on ridge
 

weed control in northern Nigeria:
 

In the majority of cases where weed scores or labor re
quired for weeding have been recorded, direct splitting of
 
ridges has given better control than any other type of culti
vation in the first seaso.i. This is probably due to the action
 
of the lister-type ridgers which bury the seeds lying on the
 
surface deep inside the new ridge. It is not clear, however,
 
whether the benefits of direct splitting will persist when
 
these buried seeds are brought to the surface by splitting in
 
the following year. Successful crops have been raised under 
mixed farming conditions by combining hoeing and reridging 
but where tractors are used, some hand weeding is usually neces
sary after the crops become too tall. The conditions which 
favor water and soil conservation (e.g., tied riares) render 
weeding more difficult, producing ground conditions in which
 
tractor work is difficult or impossible, end in which simple
 
hoeing may not kill weeds . . . Thus although the current cost
 
of herbicides is high, chemical control may eventually be una

58
 
voideble and new herbicides should be tested regularly.


d) Improved kidger Attachments for Weed Control Shambaugh writes,
 

We have a prototype weeding attachment for the Emcot plow
 
and,will give it field trials (1969] before we release it or
 
write a report. It will weed between the row, cutting down the
 
ridges and then the ridger will remold them. We hope by this
 
groundnut and weeding attachment for the 60,000 Eccots in the
 
North to possibly educate the farmers that other attachments
 
are useful and possibly lead them toward buying Arianas with
 
the attachments. 
5
 

a) Adoption of Row Weeding In Ethiopia, Kenya, Tanzania and other
 

parts of East Africa where it is not now practiced, row planting nust be pro

moted to permit more efficient use of animal-powered cultivators and hoes. 

The use of lightweight, inexpensive multi-purpose single-row hoes and multiple

row toolbar cultivators would greatly increase weeding capacity and efficiency. 

The single-purpose one-row three-tooth cultivator can help the plow farmer 

solve one of his worst oottlenecks.
 

5Naynes, A atied Revi1ew oi Mecha'zation ExpeAimen~a iLn NO't-hemn 
1Vi p. 18.
 
59

T.J. Shambaugh Jr., USAID Faru Machinery Advisor, Industrial Develop

ment Centre, Samaru Zaria, Personal Coaunicntion, March, 1969.
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Plantina and Seeding With Animal Power
 

1) Limitations and Constraints
 

In the light sandy soils of Senegal, Mali and Gambia, very little basic
 

tillage Is needed and the bulk of labor is used in secondary tillage and
 

planting to get the crop In as soon as possible after the rains 
start.
 

a) Effect of Planting on Weeding In Nigeria and Ghana with hard
 

dry soils which must be softened by rains, the major limitation is primary
 

tillage for the hand farmer and usually weeding for the animal farmer. Since
 

the ridger can be used only for weeding in the furrows, the farmer has
 

more Inter-row weeding to do as he expands his 
area with animal-power. Thus
 

the quality and the rapidity with which he is able to weed depends primarily
 

on the way he plants and how it facilitates the later weedings.
 

In Ethiupia the broadcast method of seeding results in poor coverage,
 

germination and distribution. Land preparation does not eradicate the
 

weed plants and umcleaned seed adds more weeds to 
increase the compeLition.
 

In addition the random plant spacing prevents efficient inter-cultivation
 

and any weeding in small grains and legumes must Le laboriously done by
 

hand.
 

b) Effect of Early SowinR In Tanzania planting was reported to
 

be the crucial operation in cotton production. Cotton Is especially sensitive
 

to moisture, and early planting is essential to good yields as borne out
 

in experiments by the Institute of Agricultural Research in Ethiopia.
60
 

In Nigeria, Haynes reported, "in another trial at Dambolta there was
 

a marked decrease in yield with late planting of upland rice." 61
 

Early planting 2 April Yield 4668 kg./ha.
 

Late planting 4 June Yield 
 3035 kg./ha.
 

c) Effect of Ridge Planting Ridge farming has long been advocated 

in many areas of Equatorial Africa to prevent erosion, to conserve water 

and to increase yields. Ridges, however, hamper mechanical planting and
 

weeding of crops. Shambaugh reports: "After five years of mechanical
 

cultivation of crops on both the flat and 
on ridges, we can see no advantage
 
62
to ridge farming in this area (northwestern Nigeria]." More research data
 

6 0Melka Worer Research Station, PPogi6 Repot 6o' Pe.iod Feb'uag, 
1966 to MAcdh, 1968, p. 8. 

6 1Haynes, A 8Uieg Reu.ew oS Mechanizazion Expeiimen.U in NottheAn PNgeAia, 
pp. 13-14.
 

62

Shambsugh, 804muL Comptete Tittlae Machine, p. 1. 
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are necessary to give clear evidence on the appropriateness of ridge culti

vation in different areas where it is being used. Such experimental work
 

should be sufficiently related to local environmental conditions.
 

2) Need for Improved Animal Seeding loole and Practices
 

a) Leveling Harrow for Covering In Ethiopia the fourth plowing
 

is a substitute for harrowitng to cover the seeds. Bengtsson says:
 

. . . the seed3 are ploughed down in the soil . . .
 
There is no leveling of the land before planting. Instead
 
there are furrows which are quite deep and wide with rearect
 
to seed covering . . . This practice . . 

6
. 
3
explains the
 

relatively high seed rates that art used.


There is a definite need for some type of spring-tooth or spike

tooth harrow for leveling land prior to planting, for coverlng broadcast
 

seed to a uniform depth, and for reducing the work. A mechanical cyclone
 

seeder for more accurate broadcasting also ic desirable.
 

b) Seed Cleaner The purity of seed presently used by most farmers
 

is contaminated with both weed seeds and inert matter. Both animal-powered
 

and hand-powered farmers improve their seed before planting by hand clean

Ing.
64 

A simple hand or foot-operated winnower or fanning mill is nee ed.
 

c) Row Marker and Seed Drill Except where ridging is practiced
 

or certain market oriented cash-crops like cotton and groundnuts are raised,
 

most crops are still planted by broadcasting or random hand-spacing by
 

ox-plow farmers. The farmer who plants by hand on the flat, needs a
 

aimple row-marker. Larger farmers need a simple seed drill for row sowing
 

at a uniform depth for good germination and uniform spacing for subsequent
 

weeding. In drier areas this unit should be able to plant in trash mulch
 

to a uniform depth without blockage; it could also apply fertilizer.
 

d) Row Planters For the farmer who wishes to mechanical plant
 

row crops, there is a need for a simple inexpensive seed planter to sow
 

a variety of seeds at selected rates. Stephens mentions "the development
 

of a simple cheap seeder is a matter of the highest priority. Various
 

seeders were tested but none proved completely satisfactory . . . A cheap,
 

simple seeder giving accurate planting for a variety of crops has still to
 
6 5
 

be developed."
 

Cooper tested various types of seeders to find suitable equipment to
 

plant Kenya Hybrid maize. He says, "the high price and scarcity value of
 

63

Bengtsson, op. ci.t.,p. 7.
 

64Ibid., p. 59.
 
65


Brown, et at., Chapter 17.
 

2-370
 



thLs seed calls for efficient seeders . . . The machines having a metal
 

rotating agitator over a series of graduated holes were the tost consistent
 

in work although better inter-plant spacing was desirable." Rotating brush

agitators adjacent to graduated holes were satisfactory, provided the bristles
 

were bunched together to give a paddle effect. All planters required a
 

fairly smooth seedbed and, when planting to the desired depth, it was
 

necessary to fit a special coulter. When mounted -% toolbars they required
 

speciall) designed sprirg-loaded drus to apply preseure on the drive-wh-el
 
66
 

the correct angle to maintain positive 
drive.
 

at 


Harvestint and Threshini with Anical Power
 

1) Limitations and Constraints
 

a) Effect of Field Length Haynes points out for wheeled tools 

there Is a minisu, length field that permits efficient operation. He says: 

The comparison of the turning times of the Samaru Lifter
 

and the Kano king Is of general interest. The S aru Lifter,
 
having two wheels oust be turned in the same way as the wheel
 
toolbars which are someimes advocated (APLOS, Attele, etc.). 

While It has been obvious that such implement* would be at a 
disadvantage in small fields, it Is now possible to suggest 

a very tentative size of field -- .e., less than 95 yards 67 

-- for which wheeled implements are unsuitable.
(87 meters) long 


b) Effect of Hard Soil Conditions Under very hard soil conditions
 

It may take much time and be almost impossible to dig groundnuts; blades may
 

have to be sharpened frequently and gleaning losses may be high. Haynes
 

says. "the condition of the soil, rather than the percentage of gleanings,
 

Influences the time taken and any differences ore likely to favour implements
 

such as the Samaru groundnut lifter and Ariana, which leave the soil well
 
68
 

broken.'
 

c) Effect of Unsuitable Implement@ While the Escot ridger io
 

commonly used by western Africa farners for groundnut lifting with the wing
 

moldbosrds removed. Haynes points out, "the working rate figures do not
 

reflect adequately the difficulty of doing a good job with the Emcot. Highly
 

skilled ploughaen have difficulty in keeping the share In the right place
 
69
 

and the work is very fatiguin;.'"
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68 Ibid., 
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d) Effect of Threshing Method on Grain Quality The amount of
 

broken seeds in small grains is influenced by the threshing method. However,
 

Bengtsaon reported that "traditional threshing with oxen gave only 0.1
 

to 0.2 percent of broken seeds, whereas the use of a threshing machine
 

caused a percentage of broken seeds of almost 2 percent. or 10 times as
 
"70
 

many.
 

An FMC study team, in commenting on crops threshed by trampling in
 

Ethiopia said, "crops threshed by trampling out grain with horses or cows
 

. . . recent tests have indicated that from 30 to 35 percent of grain is not
 
71
 

recovered from the threshing floor." 


e) Effect of Threshing on O'en's Health Tue threshing operation.
 

extending over two months of dry weather, is very hard on oxen used day
 

after "y to trample out grain. They arc frequently muzzled and may not
 

receive adequate amounts of water. Fischer says the continuous stress on
 
72
 

the oxen results in many animal deaths in Ethiopia.
 

f) Effect of Improved Varieties and Yields The high labor require

ments for threshing can be met when yields are low from small areas, but
 

with larger yields from improved varieties and improved agricultural practices
 

the volue of work will be multiplied. It may become so great as to extend
 

Into the next rainy season or conflict with other farm operations. I. any
 

case, threshing will become more costly, time will become a limiting factor
 

and losses may increase beyond acceptable limits if traditional methods are
 

used to process harder-to-thresh varieties.
 

2) Need for Improved Animal Harvesting Tools and Practices
 

a) Improved Groundnut Lifters In addition to the ridging or
 

breaking plow, the only animal implement owned by most farmers, additional
 

tools are needed to assist with particularly difficult, timely or critical
 

operations 'or high value, high volume crops. Host farmers in Nigeria and
 

Ghan& use the Emcot ridger minus its moldboards for groundnut lifting. It
 

greatly increases the mount of hand labor to wind-row and dig out the nuts.
 

A special attachment is needed to convert the Emcot into a lifter. Shambaugh
 

with the Industrial Development Center (IDC) in Nigeria has developed such
 

an attachment and the designs have been tested and approved for use by
 

farmers. He writes, "Kano State exhibited our groundnut lifter attachment
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at their agricultural fairs and the Ministry of Agriculture has requested
 

40 of them to be built right away. We are having a seminar for blacksmiths
 
7 3 

next week for making groundnut lifters." 


b) Animal Threshing Tools The traditional way of threshing with 

animals' hooves in Ethiopia is very laborious and time consuming. The 

product is extremely dirty and is laboriously cleaned by winnowing in the 

wind. Although a very few comunities have contract or hire-services for 

mechanical threshing, the vast majority of small African grain farmers must
 

dppend upon themselves and locally available tools. Improved devices such
 

as threshing-sleds, rollers and disks should be tried and evaluated.
 

Improved implementa could be manufactured locally to stimulate small business
 

activity.
 

c) Training for Correct Operation of Machines For farmers or 

contractors who operate or use mechanical threshers or combines, special 

in-service-training workshops and courses should be provided by government. 

machinery companies and technical assistance groups. Users should be 

taught how to make proper adjustments and operate each machine correctly 

to minimize grain lose and kernel damages. 

d) Animal Howing Implements Sickle cutting is extremely slow
 

for grain crops and even less productive for mowing grass. The lack of an
 

effective and reasonably priced method of mowing has discouraged hay-making
 

and the proper feeding of animals during the dry season. A simple but
 

efficient way of cutting grass with animal power is needed.
 

An animal-powered wind-rower or grain swather would help larger farmers
 

to avoid weather hazards, animal, bird and rodent attacks and to increase
 

production of high yielding varieties of small grains.
 

Processing and Transporting with Animal Power 

1) Limitations and Constraints
 

a) Scarcity of Suitable Wheels for Ox Carts Haynes reported that
 

pneusatic-tired carts were built by several Nigerian Native Authority work

shops in the North from old car axles and kit-bodles. These carts gave
 

excellent service and users were satisfied with their performance but they
 

were expensive due to limited supplies of suitable junked vehicles. Steel

wheeled carts also were built using imported wheels and axles, but they
 

required major repairs after only 2 1/2 seasons' work. Haynes says there are
 

threp main complaints about imported carts, wheels and axles:
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1. Talbot carts usivig ex-Bren gun carrier wheels were compltely 
unsatisfactory because the wheels were too small, the body poorly constructed 

and the axle arrangement unsound.
 

2. 
Some wheels imported by the Bauchi Native Authority were unsatis

factory because of defective welding of spokes to rims.
 

3. Imported steel wheels were satisfactory for two or 
three seasons
 
but it was impossible to obtain replacement bushings. Once the bughinga
 
wore away the hub and axle wore 
rapidly. Village blacksmiths were unable
 

7


to make repairs.
 4
 

Alternatively, 
 "rubber tires provide ample cushioning against shock,
 
and trials in East Africa have shown that identical bearings last 13 tlme3
 
longer when tubber tires replace steel wheels. Also, firms opecializing
 
in wheel manufacture can produce rubber-tired disk wheels more cheaply than
 

75
 
steel-rim steel-spoke types.'"


b) Hixh Prices of New Wheel Assemblies and Imported Ox Carts 
 In
 
moat developing countries the demand for carts greatly exceeos the supply of
 
scrap; and special axles andwheels, with spare parts, will be required to
 
meet rising demands. In 1965 Haynes said, 
 "there appears to be no hope
 

of producing steel or pneumatic wheels for less than $56.00 per set, with
 
complete carts costing $98.00 to 
$150.00, depending on the quality of the
 
body." There have been many criticisms that such prices are beyond the
 
resources of farmers although similar prices are 
quoted for factory-made
 

carts in nther West African countries. 
 In 1965 ox carts sold for $136.00
 
in Senegal, and the cost of production in the NIAE factory in Gambia was
 
$156.40, although the carts were sold to 
farmers for $128.00.76
 

c) Local Manufacture of Ox Carts and Yokes 
 In 1968, the John
 
Holt Agricultural Engineers Ltd. factory in Zaria, Nigeria, began to manu
facture light-weight ox carts based on a design developed at 
the Institute
 
for Agricultural Research. Ahmadu Bello University, Ssmaru, Northern Nigeria.
 
Farmers say the modified John Holt carts are 
too light for rough usage and
 
quite expensive at $120.00. 
One hundred carts were produced in 1967 and
 
another 100 in 1968, which were reported not selling very fast.
 

Shambaugh also has developed an improved o, yoke-which is being made
 
by a local workshop. He states, 
 "we have not gotten the wood supply for
 
the ox yokes all arranged yet. Intorest is growing in the yoke and we hope
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to get 25 to 50 out in the Northern States for introductory purposes in 
7 7 

the next few months." 


2) Need for Improved Tools and Practices
 

Animal-powered farmers want ox carts but the simplest types tried in 

the last decade in Nigeria, Chana, Kenya and Tanzania have been unsatisfactory.
 

Primary reasons are lack of suitable wheels and axle sets and the fact that 

village blacksmiths have inadequate facilities for repairln' worn axles
 

and bearings.
 

The price of imported carts iu excessively high for the animal

farmer. It is doubtful that carts will become commonplace until a satis

factory, reasonably-priced unit is made within each country and properly
 

supported with local service and spare parts. Haynes estimated the cost
 

to build a cart in Nigeria, using duty-free imported tires and bodies built
 

in a local factory, was $120.00 without allowing normal mark-up to distri

butors ($140.00 or $154.00) if made by the Native Authority workshops.
 

In a comparison between the standard SISCO.A ox cart and the Nigerian
 

improved ox cart, Ilaynes said:
 

In both cases the design load is one ton 1937 kgs.] but
 
a much higher safety factor is allowed in the Samaru design
 
(because of Lhe danger of loads of manure or laterite being
 
saturated by rain), and car-sized tyres were rejected because
 
of their load carrying capacity. A furthe consideration was
 
that the rolling resistance of car tyres would be high in
 
sand or mud and they would form deep ruts which might cause
 
erosion. The high initial cost was also considered to be a
 
factor against car tyres, although this could be overcome if
 
'faulty' tyres were available from manufacturers or if old,
 

worn tyres could be utilized. None of the carts manufactured
 
by SISCOHA are fitted with steel rims (which are considered
 
desirable by the Northern Nigerian Ministry of Agriculture),
 
sad their carts at least are bl0 ($281 more expensive than
 
the target price of the Sasaru design; no special provision
 
is made for replacing worn out parts.
 

In summary. It may be that in spite of these differences,
 
it is conceivable that it would be cheaper and more convenient
 
to import SISCOKA carts from western Africa into northern Nigeria
 
rather than attempt to establish local manufacturi8or to import
 
completed carts from Europe or the United States.
 

Engine-powered Agricultural Systems
 

The profitable use of any improved tool or machine requires that it be
 

used along with other improved inputs in an appropriate farming system. Such
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implements facilitate the development of the system by making it possible to
 

apply or carry out some improved practice; doing it vith more timeliness;
 

enlarging the scope of operations; aiding the prevention of soil and crop
 

loss or destruction; and by combining operations. 

The creation of the most favorable environment fur plant grovth and
 

production vith zhe least expenditure for inputs per unit of yield gives
 

the greatest economic return. The vise selection, rational use, full
 

utilization, proper care and maintenance of suitable machinery vill make
 

any good farmer a better farmer. With adequate pover and mechanical ad
vantage, & farmer can 
utilize all available resources to the fullest extent
 

of his management ability.
 

One of the major factors influencing high costs is the utdeA-utit.zation
 

of expensive machines and pover units. 
 Except for a fey intensivel7 operated
 

and vel-managed comercial farms, plantations and private contractors, most
 

equipment in developing countries is not used to full capacity. A rrajopt
 

p'obrm i. idtene46 o4 non-ploducive opcat.on. Idle machines fail to 

minimize costs because overhead costs con.inue and must be paid; to engage
 

in activity that brings in no return, or operates at a loss, Is even more
 

detrimental. The first task is 
to find more useful york fo. .ach machine and
 

to reduce unit overhead cobts. The second is to reduce iin-productive york
 

and vaateful operaring. Too many purchasers and uuers of machinery think
 

only in terms of ploving or primary tillage for a one-crop-a-year system.
 

Much mou erph4a6i rrwt be put opt muttipte-coppuig wad on divemiication 
o6 opetationa.t ,a4tk to fully utilize productive machinery. 

Ethiopia Mechanized Operations
 

Tendaho Plantations
 

Tendaho required one 
55 to 60 hp. tractor for each 11 hectares under
 

cultivation during its initial developuent and growth from 500 to 4.000
 

hectares in size. Since reaching the present size of 
over 5,000 hectares,
 

the managers have been able to increase the amount cultivated per tractor
 

up to 150 to 160 hectares :hrough greater field efficiency, better operators,
 

more level fields, fewer vet spots, and less breakage and down-time. At
 

least 50 percent of this increase In efficiency may be directly attributed
 

to better training and experience among tractor operators vho acctpt greater
 

responsibility for their machinery.
 

1) Macnine field Efficiency
 

Particularly revealing are records shoving work-rates and average field
 

capacities for various field operations during the past three years. Part
 

of the indicated increase in efficiency is due to recognition of the importance
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of tractor operator training, recognition and experience. Table IV.8 presents
 

Information on efficiency of field operations. All of the machines In Table
 

IV.8 are powered by a 58 hp. Hassey-Forguson 165 tractor or equivalent unless
 

otherwise indicated.
 

TABLE IV.8 COMPARATIVE EFFICIENCY OF FIELD OPERATIONS:
 
TENDAAO PLANTATIONS SHARE COMPANY ETHIOPIA 1966-1968
 

Field Time Capacity
 
operation Machine period 1966 1967 1968
 

hours - - hectares - -

Plowing 
(2 cm.) 

4-furrow disk plow, ntd. 
5-furrow moldboard plow 

10 
10 

2-3 
d 

4 4-5a 
6-8 

Harrowing No. 52 Tandem, 3 meter cut 10 8 20 20-25 
Disking M-36 wide-level, one-way 10 10 25 30-35 

(24 disk) 
Planting 4-row unit planter. (91 cm. 12 8 14 20-25 

rows, no fertilizing or 
spraying) d d b 

6-row planter (made from 12 - - 35 
1 1/2, 4-row machines) 

Inter-row 3-row rear-mtd. rigid- 8 6 16 1 6 c 
cultivation tooth cultivators 

4-row mid- and rear-std. 8 8 20 20c 

spring-tooth cultivators 
Slashing 182 cm. rotary single-blade 10 5 7-10 15 

Leveling 
Hauling 

3 meter rotary double-blade 
3 meter Eve:son land plane 
2.5 x 3.0 x 2.5 meter high 

10 
10 
8 

d 
• 

-f 

20 
e•e 
-f 

25 

_f 

bulk trailers (crop put 

in bags in field) 

a With 10 plows, 50 ha./day during 1968 season were averaged. The MF-175 

used with the 5-furrow moldboard plow.b tractor is 
With an experienced driver and an assistant to watch the planters, up
 
to 48 ha. has been planted In one 12-hour day.


c Because of the good, straight and even job of planting, 3-row cultivators 

in fields planted with 1-row planters, and also 4-row cultivators in 

d fields planted with 6-row planters are used. 
e-Not in use ar this time.depends on fnvnes 

Variable d p o field condition and unevenness. 
Variable - depends on distance and road conditions. 

2) Estimation of Seasonal Tractor Operational Hours 

Using 1967 capacities as an average, an operational schedule was planned 

at Tendaho, using 30 tractors to work 5,000 hectares for the 1967-68 

season. Since Tendaho has a fleet of 40 operating tractors, the re

maining 10 tractors were used 8 hours per day for JJO days for odd lobs 

tot directly related t,; crop production field activities such as ttausporting 

fuel to fields; miscellaneous cultivation to control weeds, and grass around 

roads, ditches, build'.igs, irrigation canals; construction of engineering 
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vorks such an irrigation bumds, leeves, roads, buildings, yards; and con

struction of 	ditches and canals.
 

The total estimated number of hours required 	for miscellaneous operations
 
8000 hours
 

is equal tn: 0 trsctr - 800 hours per tractor.
 

TABLE IV.9 TRACTOR OPERATIONAL HOURS REQUIRED FOR 5,003 HECTARES OFIRRIGATED COTTON: TENDAHO PLANTATIONS ETHIOPIA a 

Number Size Capacity Total Req. Total
 
Operation of of of daily no. machine
machines machines machine/day capacity d•ay hours
 

hectares
 
Slashing 7 182 cm. 7-8 ha. 
 50 100 	 7xlOxlOO

7,000
 

Ploing 10 4-furro 4 ha.
 
disk 

50 100 12x10x10
1200 

2 5-furroI 

moldboard 5 ha. 

Leveling 
 5 306 cm. 10 hr. n.s. 100 	 5xlOxlOO
5,000
 

Harroving 
 15 306 cm. 14 ha. 200 25 15xlOx25x2
(tvice) 
 7,500
 

Planting 
 10 367 cm. 14 ha. 140 36 	 10x12x36
4,320
 

Cultivating 4 276 cm. 14 ha. 56 30 10x6x30x2 1/2
(2-3 times) 
 6 367 cm. 20 ha. 120J 	 6.000
 

Transporting 
 10 n.a. 8 hr. n.a. 50 	 10x8x50

4.,000
 

Estimated tota number of hours requ red for 	rro production 45,820
 

a Assuming a 	10-hour day. 

The above figures give an average annual use 	per tractor for 30 tractors for 

field operations equal to 45,820 hours .157husprtatr
30 tractor - 1,527 hours per tractor. 

(13 of these tractors actually did over 2,000 hours of work each, during
 
the season.)
 

3) Field Sprayng
 

All field spraying in done by airplane on contract with Axum Air Service.
 

The average spraying rate Is 120 to 130 ha./hr. During a typical run, the
 

pilot sprayed 260 hectares in less than two hours. The total cost per hectare
 

for six sprays is about $36.00 per hectare: 
 cost of the pilot and plane amounts
 

to $2.00/ha. per application; cost of the chemicals (one pound DDT and 1/2
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pound Aldrin) plus the service crew and entomologist Is about $4.00/ha. per
 

application.
 

4) Maintenance Policies
 

Only one driver is assigned to each tractor and he has full responsibility
 

for its operation and maintenance. The use of assistant drivers was dropped,
 

even when working 12-hour days during the peak seasons of plowing and planting,
 

because each driver tends to blame the other for any deficiencies. The
 

operation and maintenance of all tractors on the plantation is under the
 

control of a farm equipment manager and an assistant. In addition, eoch of
 

the five faris oi about 1,000 hectares has one tractor supervisor and one
 

field mechanic to rsesist with the daily and weekly maintenance schedules for
 

all machines &ad to supervise their proper use in the field. All minor ad

justments in rhc field are handled by the farm mechanic.
 

Every Saturday at 1600 hourb all tractors are brought into each farm
 

machinery pool and the drivers spend two hours tightening bolts, making ad

justments and performing weekly lubrication services. In addition, every
 

150 tours, the oil and oil filter are changed; every 150 hours, the first
 

fuel filter is changed and the second filter is cleaned (more frequently if
 

neceosary, twice a day when plowing dry soil). Daily service is done at the
 

end of the work day when the drivers fill up with fuel, check the oil, water
 

and tires and get machines ready for the following day.
 

During the 1968 season, the major machinery problems were: breakage of
 

stay hars and hydraulic lifts; breakage of and failure of tire casings;
 

battery failures and problems with electrical equipment.
 

a) Breakage of Stay bars and Hydraulic Lifts This has been
 

cozrr-ted by installing a new type of heavy-duty adjustable cross linkage
 

between the drawbar arms to replace the weaker chains, pins and outer stay
 

bars. Designed by Bob Brindley, the local Hassey-Ferguson man, and Mike
 

Harley, Tendsho Farm Equipment Manager, this new cross linkage keeps implements
 

in place, prevents excessive swinging, increases stability, prevents damage
 

to tires and tractors and is easy to adjust.
 

b) Breakage and Failure of Tire Casings After one or two seasons,
 

rear tires tend to break in the center of the casing at the base of the lugs.
 

Front tires develop radial cracks in the treads long before the tread is
 

worn out, even though properly inflated and carefully operated. New tire
 

designs are being tried to overcome these problems.
 

c) Battery Failures and Problems with Electrical Equipment In 

spite of extra care, batteries last only half the normal service life. Dust 

causes excessive wear of armatures, bearings and seals. One tractor is ex
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perimntally equipped with a Simts mechanical spring starter vhich Is effective.
 
If conversion costs were not so high for the older tractors, the managers
 

would like to install spring starters on all diesel tractors. 

Setit-Humera
 

1) Development
 

Several developments have great social and economic implications for the
 
present and future development of the region. These developments include:
 

new water supplies, year-round access and a proposed road and bridge.
 

a) New Water Surplies Ground water was successfully obtained for
 
the 
first time by a Germun contracting firm (August Gottker Erben Co. Ltd.,
 
Dr. Erich Dabs, Manager) from Asmara. Two wells were dug for the city and
 
three for farms with depths from 4C to 120 meters. A three inch c4sing is
 
used for walls up to 50 meters deep and a six inch casing for deeper vells. 
Price for the six inch casing, 120-meter well with pump and motor 
was reported
 
to be $7,000. 
 Lack of water has long slowed the growth of this ares and newly
 
available water resources should increase interest in systemi.ic development.
 

b) Year-round Access A new all-weather, gravel air strip has just
 
been coarleted 3 km. west of Humera. 
This will permit -ear-round operation
 
and acces. to the 
area in the rainy season so 
that parts and other critical
 
supplies can be 
delivered when the river is impassable and the o'j-r air field
 

unuseable.
 

c) Proposed Roadand Bridge Some consideration is being given to
 
financing an all-weather road from Tessani 
to Humera, a bridge across the
 
Tekeze River, two all-weather roads from Humera 
to the Angareb River, and one
 

access road to Gondar. A final decision is pending.
 

2) Constraints
 

Some major constraints to these developments are: lack of stable mar
kats and the rising cost of labor.
 

a) Lack of Stable Markets The price per quintal of grain sorghum 

at Asmara plumeted to a new low of $4.60 by April 1, 1968. Even though a 
Humern branch of the Comercial Bank of Ethiopia opened the first half of 
1968, farmers could not borrow money for bags to store grain sorghum on their 
own farms. The drastic drop in price apparently was due to several causes: 
a bumper crop in Sudan in 1968; closing of the Suez Canal and loss of close 
European markets; 
lack of suitable long-term storage facilities in the area; 
and some buyer and money-lender price manipulation. Farmers insist that 
$
4
.
6
0/quintal at Asmara is well below their cost of production. About two

thirds less sorghum was planted for the 1968-69 season, and probably twice
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as much sesame and cocton. The governor-genersl estimated 40.000 hectares in
 
sorghum and 75,000 to 80,000 hectares in sesame and cotton for 1968.
 

b) iseing Cost of Labor Labor cost is becoming a serious problem
 
and forcing farmers to seek more efficient ways of seeding, weeding and
 

harvesting crops. Farmers said one 
of the most criticul problems is the
 
need for a mechanical way of harvesting crops, especially sesame, to minimize
 

dependence on manual labor. Timing is very important and if cutting is delayed
 

more thau two weeks past maturity, the sesame shatters and ia lost 
on the
 

ground.
 

Awash Valley Authority
 

I) Mechanized Cultivation Practices Trial
 

In addition 
to the work being done by the Awash Valley t.uthority, long

term experiments in the development of cultivation practices using various
 
types of implements are being initiated by the Institute of Agricultural
 

Research at the Melka Werer Experiment Station.
 

Because of the large area involved, it is evident that
 
mechanization will have to play a large port in the develop
ment of agriculture in the Middle Awash Valley. 
This is al
ready evident not only in the large concession plantations,

but also in the Awash Valley Auhority Amibara Settlement ear
marked for cropping by holders of tmall tenences. The degree
 
to which mechanization can contribute to economic cropping

will naturally depend upon the correct choice of equipment
 
and its utilizatioa.79
 

Chicalo Agricultural Development Unit
 

I) CADU Machinery Pool Services
 

During the 1967/68 year, the Machinery Section of the CADU Kulumsa Seed 

Fnrm sold nearby farmers the fcllowing services: 

Threshing 290 hours at $ b 00 per hour $ 1.740.00 

Combining 82 hours at $12.00 per hour 984.00 

Plowing 2300 hours at $ 4.80 per hour 11,040.00 

Harrowing 120 hours at $ 4.80 per ho-ur 576.00 

Other 14 hours at 4 6.14 per hour 85.96 

Total 2806 hours valued at $14,425.96 

7 9 
Imperial Ethiopian Government, Mechanized Cutti.vaton Pucce.a

T4ral; Ptoject 12; F.etd 217; Stp: 1-30. (mimeographed) (Addis Ababa: 
Institute of Agricultural Research, Melka Werer Research Statioti). 
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As of April 1, 1969, CADU has sold 301 hours of stationary threshing
 

The 1969
and 135 hours of combining, with services still being rendered. 


total is expected to exceed previous records considerably.
 

2) CADU Implements Research Section
 

plows and harrows continues.
The collection, selection and testing of 

Investigations in soil preparation by plowing, harrowing, field cultivating
 

and special tillage practices are being intensified. Studies in harvesting,
 

threshing, seed cleaning, grain handling and storage also are being carried
 

this report was going
out. The first progress report was received just as 


results of preliminary studies to improve transportation
to press. It covers 


with better harnesses, carts, wheelbarrows, sleds and other vehicles and
 80
 
losses with airtight insect and rodent proof 

storages.
 
to reduce storage 


Kenya Tractor-hire Service
 

During the second year of its existence, the Kenya Ministry of Agricul

ture Tractor-hire Service operated with a full co=plement of tractors and
 

implements. Additional ioplements were purchased to permit field investiga

tions of the possibility of reducing seedbed preparation costs. Host of
 

the work consisted of priary tillage and wheat land planting. About 10
 

percent of the time was spent on cotton cultivation plowing and harrowing.
 

The success of the Kenya Tractor-hire Service (KTHS) to date has
 

stewed from concentrating on large-scale operations and comercial wheat
 

production. Downing says, "the mere problem of organization and logistics
 

for the operation of a mechanization service in smallholder areas makes
 

economic operation extremely difficult; and such an endeavor must have other
 

than direct economic notives."
81
 

Kenya is an ideal country for operating a contracting service due to
 

altitude variction which permits equipment to be utilized virtually all
 

year. On the Masat Wheat Scheme, for example, harvesting, seeding and land
 

preparation can occur simultaneously fro= 1800 to 2800 meters in elevation.
 

The Service performa all work for a flat rate of $5.60 per tractor
 

meter-hour. This rate was calculated to cover costs and to avoid undue
 

competition with existing private contractors. The rate appears to be a
 

reasonable compromise which avoids underpricing the private contractors.
 

The actual costs of oper.,tions of $5.43 and $5.15 per hour for the first and
 

second year respectively, is based only on earned revenue per tractor-eter
 

8oB. Karleson, PM.Vmin.Aqy Re6du., o6 FaAm Impteenenm Rueaptdt. 
8 1

Downing, Op. cit. 
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productive hour. Bad debts could cancel the favorable balance or result in
 

net losses in future years. So far, the KTHS has been able to operate under
 

a system of guaranteed payment. The only default to date has occurred be

cause the actual hours were not verified at the job site.
 

Summary of Two Years Operations
 

In Table IV.lO are listed the expenditures and costs per productive-hour
 

for operations conducted during fiscal years 1966 and 1967. A comparison
 

shows wages increased by 45 perceut, but with a 40 percent increase in tractor
 

hours the actual coat per productive-hour increased only slightly. The
 

fuel consumption increased slightly but the cost of fuela actually decreased
 

with acquisicion of facilities for bulk purchasing the second year. De

preciation dropped from 40 percent the first year to 27.5 percent of the
 

depreciated value the second year, and will remain constant at that figure
 

for the remaining life of the machines. The declining depreciation cost
 

should be offset by increasing maintenance cost, as already indicated.
 

Miscellaneous costs, Including operation of service vehicles, office
 

and workshop overhead and pet diem for field staff, show the biggest per

centage increase. This was due ainly to the establishment of a field office
 

and workshop plus the addition of a full complement of service vehicles.
 

Production per tractor-month and per year are shown in Table IV.ll.
 

While the total hours of operation increased, the productive hours per month
 

dropped from 107 to 85 and the productive tractor-hours per year from 824 to
 

772. This decrease, Downing says, is the result of three factors affecting
 

performance: over-reliance on inexperienced field supervisory staff; early
 

and prolonged rainfall which delayed work; and political discussions which
 
82
 

at the onset of the planting season.
stopped field work for two weeks 


Evaluation of Equipment for Tropical Conditions
 

The KTHS uses standard agricultural tractors and machinery selected
 

for durability and performance. All implements except the seed drills have
 

met functLonal field requirements. However, structural and mechanical weak

ness has been encountered in both imported and locally manufactured equipment.
 

Imported implements are designed primarily for land Already under cultivation,
 

whereas about 90 percent of the work in Kenya has been on previously broken
 

lands. Field obstructions are numerous ;nd the lane surface extremely rough.
 

In addition, locally manufactured equipment suffers from lack of engineering
 

design and availability of quality materials.
 

82 Ibid. 
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TABLE IV.10 	 FINANCIAL SUMMARY OF OPERATION OF KENYA TRACTOR-

HIRE SERVICE 1966 196 8a
-


b
Total expenditure Cost per productive hour
 
Item 1966/67 1967/68 1966/67 1967/68
 

Wages: 	 dollars dollars
 

Staff and operators 31,860 46,650 1.18 
 1.21
 

Diesel fuel 27.700 31,200 1.05 
 .81
 

Oil and lubricants 
 _c 5,015 
 c 	 .13
 

Spare parts and repairs 21,100 35,250 
 .77 .91
 

Miscellaneous 10,920 24,650 
 .37 .64
 

Depreciationd 56,000 55,850 
 2.06 
 1.45
 

Total expenditures 147.585 
 198,615 5.43 
 5.15
 

Earned revenue 
 149.500 216,175
 

Surpluse 
 1,915 	 17,560
 

Data abstracted from C.M. Downins. 
ThacO4 Hie Sejtyice Repo t aJndEvU&atuaon, F-bianiciat Vem1967/68 (mimeographed) (Nairobi: 
Ministry
 
of Agriculture, 18 October 1968).
 

Capital investment 
for 1966/67 was about $248,500 and for 1967/68
$213,500 after depreciating old equipment and buying additional imple
ments.
 

Included in figure given for diesel 
fuel.
 

d Includes operation cost for service vehicles, pet diem, office operation and similar expenses not chargeable to tractor operation.
 

e A profit is not anticipated in the long 
run. The reduction in depreciation will be offset by increased operating costa.
 

TABLE IV.ll 
 OPERATIONAL SUMMARY FOR KENYA TRACTOR-HIRE
 

SERVICE 1966
 -1968a
 

Item 
 1966 b7 
 1967/68
 

Tractor Months 
 300 
 600

Tractor Hours, total 
 35,317 
 50,849

Productive Tractor Hours 
 27,175 
 38,622

Productive Tractor Hours () 
 77 
 76
Hours per Tractor Month 
 107 

Productive Tractor Hours per Month 	

84.7
 
80 


Diesel Fuel Used, gallons 	
64.4
 

824 
 772.4
Fuel Consumed per Hour, gallons 
 1.22 
 2.26
 

Data abstracted from Downing, T .to4 HAe SAvice Repo&t. and Evatua~ton, 
Fiptancilt yeat 1967-68. 
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A broader range of equipment Is needed and procurement plans include
 

trip-beam moldboard plows, spring-tine harrows and rotary mowers. These im

plements will increase the flexibility of the unit and quality of work.
 

1) Trailed ve4u.6 Hounted Implements
 

Trailed plows and disk harrows have been found superior to mounted im
plements tor cultivation of virgin lands. Trailed implements generally are 

rugged and heavy, factors important in breaking new land with disk plows and 

harrows. Transport of trailed implements is a limiting factor; mounted equip

ment is more convenient for small farmer areas. 

2) Seed Drills
 

Seed drills have been a major problem, being structurally too weak for
 

operating on 
the rough seedbeds obtained the fi-st year. Host seed drills do
 
not have sufficient clearance between openers or vertical clearance 
to cope
 

with surface 
trash encountered in tropical conditions. This is especially
 

true 
for any type of mulch tillage equipment.
 

3) Implement Trailers veAt6ui Four-wheel Wagons 

Implement trailers can be used for hauling bags from the combine, but 
are
 

not economical. 
 For extensive hauling, a 5-ton four-wheel bulk trailer would
 
be more suitable. One tractor and two trailers could provide the hauling capac

ity for two combines by shuttling to the storage, leaving the load and taking
 

an espt; back to the field. With a two-wheeled trailer it is not practical 
to
 

unhitch with a load. Land clearing equipment, crop driers, and seed cleaning
 

equipment also are necessary for the continued operation of the wheat scheme.
 

This equipment must be provided by either the Tractor-hire Service or by in

dividual so:ieties.
 

4) Moldboard Plows
 

The second year, six semi-mounted moldboard plows were added to the im

plement pool. The rate of plowing was extended from 0.2 to 0.5 hectares per
 
hour up to a maximum of 0.6 hectares per hour by the addition of moldboard
 

plows and a one-way disk plow. 
Downing says, "it is significant to note that 

three 41 cm. moldboards can be handled by the samaetractor as readily as four 
66 cm. disk plows under most conditions with a considerable increase in out

'83  

put.1 The disk plow has an effective cutting width of only 23 cm. per
 

furrow.
 

3

b
Downing, Personal Communication, op. cit.
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5) Other Implements
 

Three new implements were purchased for trial: a Vicon broadcast seeder 

and fertilizer spreader; a Connor-Shea one-way disk tiller plow; and a Tyne 

seed drill. Three other implements used on a demonstration loan but not 

considered satisfactory were: a Rotensor power-driven disk tiller; a Tur

botiller ground-driven rotary cultivator; and a rigid-tine chisel plow. Down

ing says, "unfortunately, it has not been possible to conduct thorough field 

trials with new implements but tests to date indicate that mechanical inputs
 
84 


can vary considerably." Ileemphasizes that field trials must be Increascd
 

in the interest of efficient mechanization, and recommends that controlled
 

trials be continued.
 

a) Tyne Cultivator Seed Drill This machine performed very well
 

in cloddy trashy conditions associated with newly-developed lsnd. With
 

staggered hoes in four ranks it by-passed trash very effectively. Further
 

trials are needed to test the effects of deep placement of seeds planted in
 

a dry seedbed prior to the commencement of the rainy season.
 

b) Rigid-tine Chisel Plow This isa useful implement capable of
 

doing a first-class tillage job. Downing says, however, "for general work
 

under a wide variety of conditions. a spring-cushion shank is required. Where
 

stones and stumps are comon, the replacement of shear bolts results in con
85
 

siderable delay and inconvenience." 


6) Field Capacity
 

The plowing rate of ne';lands with a 65 hp. tractor and three to four

furrow disk plow has varied from 0.2 to 0.5 hectares per hour; averaging 0.3
 

hectares per tractor meter-hour over 4,000 hectares per year. First harrowing
 

of new lands with 2.3 meter implement was done at a rate of about 0.8 hectares
 

per hour; subsequent harrowinge ranged from 1.2 to 1.6 hectares per hour, de

pending upon local conditions, for an over-all average of 1.2 hectares per
 

hour on 12,000 hectares. With a 3.2 to 3.7 meter seed drill, an average of
 

1.35 hectares was covered per hour. The second year the average plowing out

put increased to about 0.37 hectares per hour because of the large percentage
 

of stubble plowing ve~tu initial breaking.
 

The hours applied to a job are determined by taking the meter reading
 

upon entering and leaving the field. This travel time is not charged. The
 

84Ibid. 

85 Ibid. 
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percentage of productive meter-hours has varied from a low 60 percent in some
 

small farmer areas to as much as 92 percent in large wheat areas. "Experience
 

has shown," Downing says, "that it wouid be difficult to achieve the predicted
 
86
 

70 percent productive efficiency while working on small holdings." 


7) Cost of Field Operations
 

At a fixed charge of $5.60 per meter-hour, the cost of plowing ranges from
 

$11.07 to $27.65 per hectare. First harrowing costs $6.91 and subsequent har

rowings $3.46 to $5.19 per hectare while seeding costs $4.15 per hectare.
 

The uniform system of hourly rates has proven satisfactory. An hourly
 

charge is core simple tu administer and record, especially when working in
 

fields of irregular shape and unknown size. Experience has shown that rates
 

would have to be varied depending on local conditions. Local co-imercial con

tractors use a varying plowing rate ranging from $12.10 to $20.75 per hectare
 

in the same locale where the KTHS has operated. These rates Porrespond favor

ably with the KTHS rate. For example, in the Lambwe Valley the local rate for
 

breaking is $19.00 and at $5.60 per hour the equivalent hourly rat was $19.38
 

per hectare. At Meru the local rate is $12.10 per hectare on old arable fields
 

and the equivalent hourly rate worked ou: to $11.05.
 

8) Limitations and Requirements
 

Access roads have been one of the most difficult probleno in working
 

throughout undeveloped areas. The lack of roads has contributed to high rates
 

of machinery breakage and unforeseen delays to disrupt field operation schedules.
 

Downing recommends that construccLion of farm access roads receive number one
 

priority in all areas and become a prerequisite to opening new schemes.
 

The KTHS made suitable access roads in open country with disk plows
 

and disk harrows at an average cost of $5.23 per km. However, clE:aring trees,
 

removing obstructions, and filling ravines and washes requires a bulldozer;
 

and some streams and water drainage ways require a minimum of a concrete cross

ing apron.
 

More effort must be given to land clearing to faci]Ltate field work. Rains
 

hampdr seedbed preparation resulting in excessive timd and energy inputs. Time

liness of operations, always difficult to achieve with a contracting service
 

remains vital. Delays which carried the work into the 
rainy season made it
 

necessary for the KTHS to fabricate dual wheel attachments for the tractors.
 

Dual wheels permitted operation of rhe tractor whenever it was dry enough for
 

the implements to work. In the future, Downing says, a greater effort must be
 

8 bid. 
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made to take advantage of the dry planting season, Including the use of a hoe
 

drill for deep placement of seed.
 

In the KTIS the tractor driver receives a fi,.ad wage such lower than the
 

high salaried contract supervisor. Downing says, "there exists such a large
 

gap between operator and supervisor that there is no practical mobility."
 

There is also a considerable variance in operators' ability and interest, but,
 

Downing reports, "It is not yet possible, after two years to upgrade operators
 

on merit." He recomends a graded system up to and including the contract
 

supervisor and says this "would certainly provide incentive to increase KTHS
 
87


productivity. 


Ghana Ministry of Agriculture Tractor-hire Service
 

In September and October, 1968, Starnes made a survey of tractor-hire
 

pools and workshops in southern and northern Ghans.
88 

In the Northern and
 

Upper Regions, field records showed 907 motorized units. Physical inspection
 

classified only 163 serviceable leaving 78 percent unserviceable. Host of
 

the 744 units down for repair, however, needed parts such as tires, tubes, fan
 

belts, water pumps, starters, generators, hydraulic pumps and fuel pumps to
 

make them serviceable. In addition, there was a shortage of oil and fuel
 

filters, batteries, gaskets, wheel bearings, and, grease guns. A romper.:on
 

of the relative efficiency of large-scale farnis with the small farmers was
 

summarized as follows: "it is very strange, and this should give much concern,
 

that the small farmers with 1.41 hectares per farmer cultivate more area per
 

head than the large-scale farms with 1.13 hectares per worker in spite of the
 

heavy outfit of the stations equipped with tractors and all other types of
 

89machinery" 

In visit@ to two regional workshops and 16 sub-regional tractor-hire 

pools and service shops, Starnes identified 15 major problems which must be
 

overcome to make improvements in the present Ghana Tractor-hire Service:
 

1. A shortage of spare parts, hand too]3, shop equipment and supplies.
 

2. A lack of automotive transport equipment for both supervisory per

sonnel and movement of tractors and implements, especia-ly for crawler units.
 

8 7 C.M. Downing, Evaouaion o6 FaAm Machinr g sta6 Wage Stuc.2Wte 
(mimeographed) (Nairobi: Ministry of Agriculture, January 1968), p. 4.
 

88Hax Starnes, USAID Machinery Advisor, Accra, Ghana, Personal
 
Communications, November, 1968.
 

89

Chana Ministry of Agriculture, .tjt.& O LoAge-6cate, Speciatzed, 

nwtitu, on.t, Coopeative, and Young FoaAmeA' League Famig and Settvice 
Sta.tiona, 1965 Lurrent Agricultural Statistics, 1965, Vol. II/C, (rimeoRraphed) 
(Accra: Division of Cconomics and SLatiSLiCa, 1966). 
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3. 
A lack of control over ordering, distributing and qtoting spare
 
parts. 

4. 
A lack of storage and local distribution of petroleum oil and lubri

cants.
 
5. Unserviceable tractors and implements estimated around 70 to 80 per

cent of all units in the field.
 

6. Large numbers of surplus drivers without 
tractors to operate still
 
draw full pay. The survey indicated up to 1,200 surplus men with an annual
 

payroll of $450,000 to $500,000.
 
7. Assignment of tractors to 
two divisions, increasing personnel, trans

portation and procurement problems, and effect the distribution of petroleum
 

oil and lubricants.
 

8. 
Shortage of funds to purchase operating supplies. The MOA has a policy

that payment must be made in full before work is undertaken. Many large organi
zations are not making advanced payments to cover the cost of work requested,
 
such as fuel, oil, labor, transport of equipment to the job site, which must
 
be paid for monthly. 
When debts become too large, commercial firms are forced
 
to stop supplying until back accounts are settled.
 

9. Inadequate tires and tubes. 
 The 1,600 new 
tires recently received by

the MOA will equip only 400 tractors and 25 trailers. There are 400 tires for
 
Deutz tractors on order which will add another 100 
tractors to the operating
 
fleet of 300 units already serviceable, for a total of 800 useable tractors.
 
However, many of the 300 units 
now running have tires that are 50 to 80 per
cent worn and will not last through another season.
 

10. Unbalanced seasonal work schedule. 
Agriculture in Ghana is generally
 
considered the only major activity of a tractor-hire service. 
 Land clearing
 
and road construction could be litaited to the minor season to balance work
 
loads and spread the operations over the entire year. 
With the development
 
of irrigation along rivers and lakes, two or 
three crops can be grown yearly
 
with the aid of lift pumps and land levelers.
 

Repair work not scheduled.
11. Repair and service staffs should work the
 
year-round with major repairs scheduled during the non-agricultural season.
 
Drivers should be required to assist in servicing the tractors and implements,
 
and to do any other essential work to improve operational efficiency. Super
vision of pe-sunnei on attendance, working and timliness needs improvement.
 

12. Lriited souce of supply. 
 About 80 percent of all agricultural im
plements and tractors in Ghana come from exterior sources.
 

13. Pay and salaries of staff. 
 Ths drivers receive a fixed monthly salary.

Mechanics are overworked and have little incentive to do good or prompt work.
 
One report from the field indicated that mechanics were charging operators a
 
fee before they would rcpair their 
tractors.
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14. Soil and water conservation. Agricultural engineering specialists 

in soil and water conservation are needed in the mechanization program. Land 

is being 'leared, plowed and cultivated without regard for soil conservation 

practices. Contour lines are not being followed in clearing and farming, and 

soil erosion and water wastage is evident.
 

15. Unauthorized work. Field surveys support HOA reports that tractors
 

are being used for unauthorized work. In a MOA Transport and Mechanization
 

Report for July, 1967 to March, 1968, the area was increased 100 percent for
 

"increase in non-recorded acreage". This is land plowed for farmers but not
 
90
 

officially repotLed by the operators and field supervisors.
 

Nigeria Mechanical Cultivation
 

Tractor Unit Farms
 

As mechanical cultivation units, tractor unit farms have had many tech

nical, staff and administrative problems. The soils of some sites selected
 

were unsuitable. Also on the accounting side, costs of pirchasing, operating
 

and repairing machinery have increased rapidly while the value of dry land crops
 

renained conotant. The original subsidy for plowing was very high, eventually
 

being reduced from 75 to 50 percent. Other problens have been low annual
 

utilization, shortness of work season and a limited range of operations. Far

mers need additional labor for weeding and harvesting but all laborers are busy
 

on their own farms.
 

Machinery Hire Depots
 

The Ministry of Agriculture established pools of machinery which could be
 

hired out to projects or to individual farmers. The Contract Cultivation Ser

vices were started in 1950 as government or quasi-governmert agencies with the
 

plan they would be taken over eventually by private farmers or cooperatives.
 

There are two areas of concern:
 

1) Rice Cultivation on 6adaina 

The soil is too hard for hand-digging in the dry season, and time is too
 

short to get the crop in hand after first rains occur. The full cost of con

tract work ($20.75 to $28.40 per hectare) was fully covered. After the land
 

was plowed it was worked by hand. Most farms were well planned, favorably
 

sited, had good management, a continuity of policy, and were concentrated for
 

efficient use of tractors and machinery. Present servic: policies are to
 

work near base, control work, collect fees and minimize difficulties.
 

90
 
Starnes, Op. ci.
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2) 
Upland Arable Cropland Cultivation
 

Charges are based on 
area rather than hour rates to benefit the farmer.
 
The farmer is expected to stump and clear his land before cultivation.
 

The covernoent should consider the economic advantages in encouraging
 
private and cooperative contractors, whether they are subsidized or not. 
 Apart

from assistance In giving favorable loans, governments could engage the services
 
of 
contractors whenever possible, especially during the off-season. 
To avoid
 
competing with contractors during their formative years, government tractors
 
should be withdrawn from areas where contracting services are being established
 

effectively.
 

CompleteFarmMechanization
 

In the next decade, complete mechanization probably will be confined to
 
estates and plantations producing high-value crops or bulky products such as
 
Gugar cane and fiber. Mechanization also will be used increasingly 
on cattle
 
ranches where forage-making and production of 
livestock feed is not 
feasible
 
without the use of engine-powered machinery. The mechanization of rice and
 
wheat may take place but the developient of 
the land must suit the available
 
machinery. The problems of weed control over several 
rotations, and of 
har
vesting crops with a minimum amount of 
hand labor must be solved before gov
ernments can 
establish viable mechanized hilotfarms.
 

Many of the problems in a central machinery pool have their roots in es
tablished government procedures: dx'ficulty of flexibly altering rules 
to
 
meet seasonal or long-term needs; lack of mobility resulting from housing
 
policies and payment of 
travel allowances; need to protect public funds by

complex stores and accounting procedures; and the difficulty of paying Incen
tive bonuses for increased productivity.
 

Effect of Cultivation Practices on Yield
 

Haynes reported that yield increases from more intensive cultivations are
 
not always conclusive.91 
With certain soils and seasons, comparatively sim
ple methods of water conservation can give worthwhile increases In yield. 
 Since
 
identical methods give useful measures of soil conservation, they should always

be adopted in suitable circumstances. 
 Haynes suggests that tie-ridging alone
 
on 
ridged land may prove to be the only soil conservation Dessure required on
 
sandy soils. 
 He said that other types of cultivation made possible by mechani
zation (e.g. deep plowing, sub-soiling) do not appear to give sustained In
creased yields. Even extreme tresatrients, such as 
flat ua.i ridged cultiva
tion, have not conclusively reduced or increased yields.
 

91Haynes. Papti.a on Aqticutmat Engineeitug in Noa.thium NiqeA.a, p. 17. 
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Where mechanization Is introiuced, therefore, the techniques should be 
chosen on criteria which lead to lproved yield rather than yield alooe (e.g., 

timeliness of operation, weed control, control of erosion, suitability of 

machines, ease of harvest, etc.) and need not necessarily be the same for each 

crop. Haynes believes further agronomic trials of single operations will pro
92
 

rather :han advance, nechanization.
bably hinder, 


Mechanical Assistance to Hand Farmers 

The Bornu Complete Tillage Machine developed by Shambaugh can handle 

farers tillage problems from primary tillage to final weeding of 1.5 moter 

high row crops. It is a very simple and rugged machine built from standard 

heavy-dutt parts and requires very little maintenance or repairs. It cAn be 

wed to a&6..t the Iaand-6anj!A wih hcu boutentot potobtev'i oit a CAR be ued 
to do the compteft job, by adding va/UOuA &MOLienAt. It is a machine that 

the farmer or agricultural contractor can grow with as he expands his opera

tions. Due to its versatility and the pos..ibility of adding new attachments
 

it will not become obsolete. It will do practically any tillage job the up

land farmer needs at approxInately one third the cost of hired hand labor.
 

(Table IV.12)
 

Small Tractors for Equatorial African Agticulture
 

In a majority of developed countries with an advanced livestock industry,
 

agriculture has progressed in one step from aninal power to medium-ize trac

tors. This Is a substantial step which involves such more then the develop

ment and Introduction of successful tractor-drawn lplements. It to a social
 

as well as a technological revolution and felt beyond farm boundaries. This
 

step in considered too great in those Equatorial African coustries where in

dustrialization with its associated technical education, distribution systems 

and servicing facilities has not progressed very far. As an alternative to 

the establishment of comercial farmes, It Is often suggested thit the step 

from muscle-power to engine-power can be achieved by replacing animal-power 

with a small and inexpensive tractor. 

Cost of Small veub Large Tractors 

A gradual increase in tractor size Is desirable to permit the small far

mere to match power to expanding production, but this to generally hampered 

by economic and technical factors. To meet all requirements, such a tractor 

has to be small and low in cost; but, unfortunately, small tractors are not 

necessarily inexpensive. Conditions have Improved in the last decade and 

much greater value can be obtained for the small-tractor dollar. Kaynes
 

9 bid.. p. 18.
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TABLE IV.12 COST OF OPERATION OF BORNU COMPLETE TILLACE MACHINE:
 
NGERIAa 

Cost
 
O;erhead and Operating Costs dollars/hour dollars/hour 

Tractor driver cost per hour 0.12 

Tractor costs per hour: 

1tF-165 Tractor: New cost $3,640.00, 
CIF Nigeria 

Estimated life, 5000 hours or five years 
Repairs 50 percent of cost for 5000 hours 
Interest on investment @ 10 percent 
Fuel 3.26 liters per hour @ $0.193/liter 
Engine oil changed at 150 hours 5 liters 
Grease. estimated I 
License and insurance @ $126.00 per year 

0.74 

0.36 
0.36 
0.63 

0.01 

0.12 2.22 

Bornu Complete Tillage Machine Costs per hour: 

New cost $1010.00 CIF, Nigeria 
Estimated life, 15 years (15000 hrs.) 
Repairs, general, 1.5 percent per 1000 hours 
Complete set of earth tools each 500 hours, 

$61.60 CIF/Nigeria 
Interest on Investment @ 10 percent. $101.00 

per 1000 hours 

0.07 
0.02 
0.12 

0.10 0.31 

Average Total Cost per hour 2.65 

Average Total Cost per hectare 2.15 

Averaje pacity 1.2 hectares per hour.
 

aShambau, , Boauw Comp.e TdtAge Mach ne, p. 10.
 

compared prices of 7, 30 and 50 hp. tractors In Nigeria in 1964, an shown In
 
9 3 
Table IV.13. In contrast, prices In Ethiopia in 1969 had both decreased for 

the small tractor and increased for the larger tractors. Part of this change 

is the result of increasing the power of the smaller units and adding more re

finements and features to the larger tractors, along with a general advancement
 

in prices of machinery.
 

It should be borne in mind in evaluating tractors by size that the small
 

utility tractor is usually a simple model, while the larger tractors incorpor

ate all the advanced features associat.d with modern farm equipment. In addi

tion, prices vary a great deal between makes, engine types, modes of transpor

tation and countries of origin. The small 7 hp. tractor was a rather sophisti

cated Japanese tiller, and the 30 and 50 hp. tractors standard English models
 

93aynes, Papeu on Ag4Cu.Ltwtat Engi.neelg in NolhOeun N,9eAiA, 

Section IV, Appendix. 
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of Ford and Hassey-Ferguson. In Ethiopia, the current prices cover larger
 

tractors and some from Eastern Europe. 
Note the figures show only general
 

trends and no direct coaparisons are implied.
 

TABLE IV.13 ESTIMATED COST PER HORSEPOWER FOR DIFFERENT SIZED POWER UNITS
Approximate Approximate 

Niueria. 1964 Cost Ethiopia, 1969 Cost 
dollars/hp. dollars/hp.

7 hp. Small 2-wheel tractor 12 hp., 4-wheel utility trac
(diesel) (Japanese) 114.00 tar (gas) (Self-Helper) 62 .50a
 

30 hp. Standard utility 50 hp. Utility tractor
 
tractor (diesel) (English) 69.00 (diesel) (Universal) 55.50
 

50 hp. Mediu-size utility 65 hp. Utility tractor
 
tractor (diesel) (English) 46.00 (diesel) (Universal) 52.00
 

(Massey-Ferguson) 73.80
 

aWhen purchased direct from factory, Waverly, Iowa, and including freight
 

paid to Addis Ababa, Ethiopia.
 

Whether the basis of comparison is price per unit of usable horsepower
 

or capital required per hectare, the smaller tractor (when sold and serviced 

by a dealer) is usually more expensive than the larger. Haynes points out 

that:
 

This is due in part to the distribution costs which are an
 
essLntial pert of the retail price. Government officials
 
are well aware that tractors can be imported through offi
cial agencies at far less than the local rrtail price but
 
are aware, also, of the continual stream of complaints from
 
field workers about the inadequacy of after-sales service
 
for tractors. After-sales servicing, in all its aspects.
 
is essential if tractors, regardless of size, are to be
 
owned by farmers. But where small, cheap tractors fulfill
 
the essential requirement of reliability, the sale of spares
 
alone will not support the coat of these services and the
 
age,.t has no alternativ1 4but to write-up the selling price
 
of t~e tractor itself.
 

Suitable Designs for Small Tractors
 

Even though a small tractor is relatively expensive in proportion to its
 

size, 
a reliable unit may meet the needs of the emergent power-farmer, since 

his capital outlay is less and he already owns sufficient land. The useful 

power obtainable from a wheeled tractor is proportional to its weight, and the 
drawbar pull of two-wheeled types is usually too small for normal cultivations 
with conventional tools such as plows and ridgera.
 

Designers have overcome this problem by applying the power directly to
 

the aoil-working parts with and without separate drive-wheels, and a number of 

variations of the rotary hoe and cultivator have been produced. 7tey are 

94Ibid., p. 14.
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suitable for use on medium to 
light soils; and they can perform useful culti
vation on heavier soils as indicated in the following test report of a Land
master 150 from East Africa. How.ever, small tractors cannot be recomended 

for general use without providing operator training and good supporting ier

vices.
 

An &iternative solution to the limiting factor of weight is to add the
 
driver's weight to the tractor by letting him ride. 
 This immediately increases 

the weight, complexity and cost of the machine, which must have at least three 
wheels (and preferably four) to remain stable and upright. The size of the 

driving wheels and total weight often becomes the limiting factor in drawbar
 

pull. The designer must compromise between efficiency and cost, since a set
 

of tires of moderate size can be as expensive as an engine.
 

There are many examples of tractors of this type on the American and
 
European markets but the majority (being designed for garden, lawn, and sports
 

field maintenance with small driving wheels and limited pull) are not rugged
 

enough for African farm work. 
 Haynes mentions that a large International
 

charity several years ago attempted to introduce a special tractor for small
 

farmers, but none of the major tractor firma with established distribution.
 

servicing and training networks would accept a contract unless 
a minimum nf
 
95
25.000 were ordered. Smaller firms are prepared to make special machines
 

but most lack the capital and facilities to provide essential services. One
 

study noted that c basic tractor designed specifically for small farmers in
 

Equatorial Africa would cost a farmer in England about $500.00 whereas the
 

price quoted in Nigeria was $900.00.96
 

Suitability of Small Walking Tractors
 

The performance, durability, and suitability of small walking-tractors
 

have been tested by a number of government testing units. To dispel the be

lief that 
the small tractor has no place in developing agriculture, the
 

following report is presented.
 

A test of the Landmaster 150 machine was made by the Kenya-based machinery
 
testing unit EATITU to escertain the ability of the machine to work in East
 

9 7 
African conditions as a rotary cultivator. Work was carried out on 
39 dif
ferent fields at elevations from 1135 to 2515 meters for inter-row and open
 
field work under a variety of soil and climatic conditions. The report stated:
 

95FaFm Impfment did Machknety ReviweAugust, 1962. p. 1 1 2 6
.


9 6
 
Haynes. Pap t on ApicatWIa EngineeiJ.ng 4i NoAth.emIi Ngeia,
 

p. 10.
 

97O066ciat Teut Repot~od La~dra.te' 150 RoW Cuttivateo4, (East
African Tractor and Implement Testing Unit, NIAE, in Cooperation with
 
Governments of Kenya, Tanganyika and Uganda).
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It proved cepable of cultivating down to 23 cm. depth (measured
 

from the cultivated soil surface) and the rate 
of work varied
 

from 89 squart yards per hour to 1,198 square yards per hour
 

(83 to 1,122 square meters per hour]. The fuel consumption var

ied from 14 square yards per pint to 870 square yards per pint
 

123 to 1,720 square meters per liter], and from 1.19 pints per

98
 

hour tc 3.02 pints per hour (0.57 to 1.43 liters per hour].


The general opinion was that the quality of work suited East African 

climatic conditions. African operators soon became accustomed to controlling 

the machine and, in most conditions, operated it without unnecessary exertion. 

Excellent work was done for seedbed preparation, in row-crops on fairly level 

land or along the contour but, on sloping land, good work was not always pos

sible. There were no breakages or serious distortions during the test. When 

it was found to be in good mechanical
the machine was stripped after the test, 


condition except for the flywheel magneto which has since been altered by the
 

manufacturer.
 

Tested solely as a rotary cultivator the Landmaster 150 machine, in the
 

opinion of EATITU,
 

has a high rate of work under favorable conditions and is capable
 

of producing a good quality of work under most conditions. It is
 

reasonably easy to drive and to operate and has adequate power to
 

deal with tough conditions at high altitudes. Accurate steering
 

is not always possible in rows on sloping land, such as camber
 

beds, and special care needs tobe taken when working on bench
 99
 
terraces to avoid overturning.
 

EATITU concluded that if reasonable precautions .re taken to prevent
 

flooding the engine with gasoline, if a clean and correct gas/oil mixture
 

is used, and if the air cleaner is regularly cleaned, the machine should prove
 

to be suitable for small farming and specialist work in East Africa. The con

struction of the machine appears to be sound and the rate of wear of the blades
 

is not very high. A few minor modifications are desirable (which have been
 

made).
 

An Economic Analysis of Present Farming Systems
 

Mechanization as an Analytical Concept
 

The concept of mechanization has been construed in terms of three dis

tinct categories: hand-, animal-, and engine-powered technology. Agricul

tural systems have been similarly classified. The details of Chapter II clear

ly demonstrate that dynamic systems do not fall neatly into these categories,
 

nor indeed can the concept of mechanization be classified with such precision.
 

Some systems change more rapidly than others. Hand-labor economies appear to
 

be relatively static although there is, in certain cases, a gradual movement
 

9 8 Ibid9 9 1 i d . 

2b-d.
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toward a form of animal-powered technology, as in northern Ghana; research 

and development work on animal implements in northern Nigeria will eventually 

affect the local hand-labor economy. In the Chilalo Awraja of Ethiopia, re

search in concentrated simultaneously on both improvements to animal-powered 

implements and a gradual introduction of engine-powered technology. Generally, 

there appears to be a trend in ecotiomic development toward increasing the 

concentration of power on the land. There is, however, evidence that economic 

circumstances in certain areas of eastern Africa render animal power more 

appropriate than engine power; such a realization by policy-makers suggests 

moving toward a policy of core circumspect employment of economic resources 

rather than retrograde policy-making. 

its system of
Engine-powered cor.ercial agriculture is unlikely to change 


applying agricultural power. However, plantation farming and private entre

preneurial farming have many diasimilarities. In Setit-Humera there are ob

vioua changes needed in the supportive infrastructure. These changes are be

yond the economic resources of individual farmers although farmers collective 

appeal could result in necessary action from the government. 

There are also a number of operations which cut across the defined systems: 

farmers carrying out contract work with oxen implements In hand-labor areas, 

(e.g. in northern Ghana), block cultivation tractor schemes in ox-farming areas
 

(e.g. in Tanzania), 	the creation of a tractor-hire service (e.g. in Kenya, 

Ghana, and Nigeria).
 

Thus, the concept of mechanized agricultural technology, construed in
 

three distinct categories, when transformed into active processes of economic
 

development, broadens into six manifestations:
 

1. Processes of improvement
 

a. In hand-powered 	agriculture.
 

b. In animal-powered agriculture.
 

c. In engine-powered agriculture.
 

2. Processes of transition
 

d. From hand-powered to animal-powered technology.
 

e. From animal-powered to enFine-powered technology. 

f. From hand-powered directly to engine-powered technology.
 

of transition.Iransition can include a reversal of these three processes 

Change has a normal 	tendency to move from less to more sophisticated 

to involve more economic factors. As these factorslevels of technology and 

are considered separately, it becomes apparent that not all are relevent in 

all the farming systems. When specific mechanization schemes are proposed 

it becomes essential to determine which economic factore are relevant to
 

any particular proposal.
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Mechanization and Agricultural Systems
 

One form of mechanization may be more appropriate than others to an
 
agricultural system. Nevertheless, 
as a concept of mechanical assistance to 
production, mtedanization mua be intAoduced eiteA into an ehtabtL hed ayaem 
ot appem aa a new hyhn. The importance of analysis is to discern:t the
 
changes likely to occur during the mechanization process and whether these
 

changes are likely to be acceptable to the local community; the systems in
 
which the process may be appropriate; and the factors conducive 
or inhibitive
 

to mechanization. 
The focus of this section is to present economic factors
 

having an important bearing on agricultural mechanization.
 

Appropriateness
 

The Tanzanian 
case of moving from tractor power to oxen illustrates ap
propriateness of mechanization. 
Following a careful evaluation of the economic
 

situation in certain areas, 
the Tanzanian government concluded that tractor

powered technology was inappropriate to the current level of development and
 
reverted to a policy of encouraging oxen power. 
 Thus, it cannot be assumed
 
that there is a natural sequence from hand power through animal power 
to trac
tors. Conceivably, there are 
certain situations in which conditions are appro

priate for moving directly from hand- into an engine-powered technology and
 
still others in which any s.,ift may be inappropriate.
 

In view of .his principle of appropriateness the economic factors of each
 

situation must be weigheo carefully before planning a shift of agricultural
 

power. Moreover, a mote oph.i.cated 6o'tm o pc ,umt be iden i.l'ute a.L ,z 

6ied wL a moe aduitced teve o6 economic deuetopmeat. There is a case for 
raising the level of power throughout the agriculture of Equatorial Africa, 

but the optiruam tevet 06 economic devetopmeint Z6 dowid i thta economy '.*ich 
maximze tuAmh 64om ,a ava.aabfe 4eaou~cu. The anaLt.tcat concept 06 
medzchazation aa a mea 06 ACaW.bg the conceia- aaon o6 in agicuto pot.tt 

tucta teCczinotogy, thCtedolte, caz be di4aoa.6ted dtom connot.tio o6 acieve
ment it economic development. The concept leads to the conclusion that there
 
is an appropriate level of mechanization for any given situation.
 

The Systemc: Hand-powered Agriculture
 

The three hand-labor economies which have been described have certain
 
similarities but they are obviously at different levels of sophistication.
 

Agnale village represents a hand-labor system in which the members of the
 

village are fully occupied at 
certain seasons of the annual cycle and there
 
is 
no market economy for any surplus production while the system provides
 
adequately for the basic needs of the people. 
 The Zuarungu district is not
 
an area of natural abundance: there is hardship and privation in the area
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even 	though available labor is not fully utilized. There are potential mar

kets into which this economy could be articulated. In contrast to Zuarungu.
 

the hand-labor economy in northern Nigeria represents an established market
 

economy in which available labor is utilized on and off the farm according to
 

seasonal demand fluctuations. 
 All three of these cases demonotrate the com

in the use of available labor and the proliferaplexity of hand-labor systems 


tion of crops.
 

The scope for mechanization can be examined at two levels 
in these areas:
 

first, whether mechanization is possible within the present system; second,
 

whether an outside system of mechanized agriculture can be Jntroduced Into
 

the major factors in the latter consideration is
the present economy. One of 


facilitate the introduction of one,
whether sufficient land is available to 


or a member, of new relatively extensive agricultural operations. If there is
 

it is unlikely that the displacement of a
 

Generally,
 

already heavy pressure on the land, 


well-established population will be received without strong protest. 


this problem does not exist in Ethiopia and northern Nigeria but in northeastern
 

Ghana the population of both people and animals 	is quite concentrated; the
 

likely to be facilitated only
introduction of extensive commercial farming is 


if population pressure can be relieved.
 

Within the present system in Agnale, animal-powered agriculture is im

possible because of tsetse fly infestation. In the Zuarungu district of
 

Ghana crop production is unlikely to be increased significantly without addi-


The handtional agricultural inputs of power, fertilizer, and improved seed. 


labor economy of northern Nigeria produces for both domestic consumption and
 

the local market; the community is socially well-organized; the pattern of
 

There is a degree of
farming is a complex integrated system of many crops. 


market articulation between consumers and producers; 32.97 percent of available 

labor on the farm is spent in non-farm occupations, and 1.93 percent in working 

other farms. RegutaA c6iuh exchange occuu 6o4 botL ivagu and 6olt good, ; a on 

o to.duy exut in no'A ivut ?igeAia idi cMt 6acd.Jte 6udcomneAciat ccopnmy 

uwt deuetopmeta. 

The Systems: Animal-powered Agriculture
 

Three cases in which animal-powered technology predominates have been
 

The Chilalo Awrajs case in Ethiopia was developed in detail; ob
considered. 


servations on the wrk of the 
Christian Service Committee in northern Ghana
 

and on the Tanzanian experience with animal- and engine-powered agriculture
 

have 	provided supplementary information.
 

The Ctv.Lto Amtaja a~ea i6 jt a 6tate o6 tJtOition, a condition having
 

the community toward agricultural
an important bearing on present attitudes of 


This attitude can be
innovation; chage is not regarded with suspicion. 
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associated with the population composition, many of the present population's
 

forebears migrated into the 
area from nearby S%oa province. New attitudes
 
of the earlier migrant generation have been perpetuated throu:h to the pre
sent; wih appotopotiae 4t.muL 6ucht an economy can be quic.1j modehutzed. An 
increasing number of opportunities can be used for introduction and adaptation 

of appropriate forms of mechanized technology.
 

The Christian Service Committee performs a coordinating function between
 
the various branches of the church's missionary work in Ghana. Its technolog
ical undertakings are the principal interest for this Study. 
 The agricultural
 
missionaries have developed a number of tools and pieces of equipment suitable
 
to local conditions. Also, short 
training courses are organized for the local
 
farming community. 
One objective of this missionary endeavor in to assist
 
local farmers in re-establishing skills with animal-powered equipment.
 

In Tanzania tractor farming has proved inappropriate for many areas.
 
Oxen cultivation is now encouraged by creating facilities for farmers to obtain
 
animal-powered eqipment and instruction in its use, and to establish properly
 
equipped research and development centers. Tractors may continue to be used,
 
but active encouragement is given only where scale and management make them
 

appropriate.
 

The Systems: Engine-powered Agriculture
 

Engine-powered systems of agriculture have been considered under the
 
broad categories of settlements, tractor-hire services, and large-scale
 
commercial enterprises. 
These divisions are maintained in this discussion.
 

In the category of settlement schemes, the 
focus of operation tends to
ward social objectives of settling and changing the way of life of 
a group
 
of people. 
The operation is expected to be economically sound but with less
 

emphasis on profit than 
in comercial operations. In the Middle Awash Settle
ment Scheme there are two important contributions to Its possible success.
 
The first is 
the economic basis on which the scheme is operating, and the
 
second is the technical and socio-economic problems of actually organizing
 
the settlement. Because the first Is favorable in the form of adequate mar
ket demand for good quality cotton, the operation economically is possible. 

Tractor-hire services closely parallel the function of the block farms in
 
Tanzania, classified as a settlement scheme, 
in that engine power is made avail
able to farmers operating in a hand- or animal-powered system. The success of 
both tractor-hire schemes and block farms, usually subsidized by the government,
 
depends on management and operational skills closely coordinated through sound
 
planning. Where schemes are deficient in these elements, the records of opera

tion have been discouraging.
 

In the category of large-scale enterprises, there are some similarities
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in the commercial operations of Tendsho Plantations and the individual far

mers in the Setit-Humera region. Both represent business organizations es

tablished for profit; failure to make adequate profits would, in the long run, 

lead to foreclosure. Similarly both areas were undeveloped before the enter

prises were established; neither operation Is completely mechanized, indeed
 

there is substantial dependence on local hand labor.
 

The potential increase in production of cheap food grain (sorghum) close
 

to an area of substantial food deficir, the production of an important export
 

crop (sesame), and a ready domestic market for cotton are all factors which
 

contribute to the significant economic potential of the Setit-Hmera area.
 

The technological system has been already established, but there is sowe fear 

that local initiative might be stifled as production increases and market pri

ces tend to fall. The basic need is for development of an Infrastructure com

patible with potential levels of production so that production costs can be 
100
 

prices decline.
reduced as 


Economic Factors
 

The fundamental economic factors involved in the systems are those in

volved directly in the production function. The method and proportions with 

which these factors are combined are determined by the type of technology em

ployed and the skills of the individuals in the role of management. Technology 

introduces power into the system in the form of -ne of the levels of mechani

zation. Other agricultural inputs are introduced into the production function
 

as appropriate to the established level of mechanization. These other inputs 

can function as substitutes or complements for other factors of production. 

As the level of power becomes increasingly sophisticated, a higher level of 

modern agricultural inputs becomes necessary to raise productivity sufficiently 

to compensate for rising costs of production. ThiA modeAitization ptoceA6 u

quiAe the 6aAieAto have IhigheA leve.o o6 both ava.itabte capAt ,uouc 

ad achievement in management akIzZ. 

Since domestic supply of basic food grains has recently been an im
portant problem for Ethiopia, and particularly in the highland north, 
the area has already made an important contribution with its sorghum. 
Agricultural progress In such a country is hardly compatible with 
local staple grain prices twice or more world levels. The large
 
supply of sorghum, with its lowered price, should be taken as an
 
opportunity, through efforts to reduce production and transport costs,
 
to provide low price staple grain to our food deficit are" , encourag-

Ing possible feeding of livestock, and, hopefully, to develop export
 
markets."
 
Imperial Ethiopian Government, Repo)t o6 the Smu.uey UMaon on the 

Aq4Zcuttuut Devetopment o6 Setit-Hww, p. 34. 
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Factors of Production
 

1) Land
 

In the cases of agricultural systems in Africa, land is not generally
 

a scarce factor of production. Thus, production can be expanded readily by
 

increasing the area under cultivation where appropriate technology and manage

ment skills are available, and where surplus production can be absorbed by the
 

economy. Where land is scarce such as the Zuarungu district, increasing pro

ductivity is possible only by increasing the use of modern inputs which substi

tute for the scarce factor. Certain modern inputs may eliminate the problem
 

of land scarcity by controlling disease vectors responsible for land's being
 

uninhabitable.
 

TheAe aAe ce ain aocio'ogicat 6actoub( tnii cauae tand to be acace. 
Village agriculture in northern Nigeria exemplifies this situation: farm
 

families are concentrated in villages which limits land for cultivation to
 

the maximum daily walking distance. To cultivate more land under the present
 

sociological structure would necessitate establishment of new villages in i:n

cultivated areas or the adoption of living in isolated homes located on the
 

farms; such a process may be inhibited by strong sociological ties between
 

the potential pioneer farmer and his family already established in the ways of 

village life.
 

Even where land is not scarce, the marginal costs of clearing and pre

paring new land for cultivation should be evaluated. Where these costs are
 

heavy, improving the productivity of land already under cultivation may prove
 

less costly, and, therefore, a more economical proposition than land clearance.
 

2) Labor
 

Labor is generally underemployed in African agriculture although in each
 

of the hand-labor economies seasonal labor shortages have been demonstrated.
 

Some 'form of appropriate mechanical assistance is needed to remove these
 

bottlenecks. The case of the Tanzanian block farm scheme demonstrates how
 

this can be achieved but the result is a shift in bottlenecks from the cul

tivating to the harvesting season.
 

In the animal-powered system of the Chilalo Awraja in Ethiopia hired labor
 

is fully utilized only during the plowing season. In Aimp4Oving the e6tab"&t(e 

ayate the 6aweA tyat gi~ve inutAmi&ng attention to "iAnat deCihiona : WM:.teA 

incAefaeA icnpitoductiity tuman~t incAea.ing the numbet o6 hited wodkeu, and 
p'tweAv4.ng mou o6 W~ ota.ntime 6o'tifragement 6unctionh. 

The cases of engine-powered syscems show no problems of labor scarcity. 

Labor is available as required for the Tendaho Plantations, for the private
 

farmers of the Setit-Humera area, and for the Middle Awash Valley Settlement.
 

However, the source of labor is an important consideration. For the Tendaho
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Plantations highland workers move into the area after their own work on small
 

family farms has been completed. Workers who supplement the settled labor on
 

the Middle Awash Settlement also come from similar circumstances. Thus, in
 

planning such operations it is essential to take into account the normal com

mitments of the labor supply to the family farm and to avoid conflicting with
 

these.
 

In the case of private farmers in the Setit-liumerj trea the supply of
 

labor causes competition between farmers to hire workers in preparation for
 

the sesame harvesting on a seasonal basis to insure adequate labor during peak 

times. Migrant workers are aware of the situation and have organized them

aeleb into bargaining groups. 

3) Capital 

Each of the cases under consideration demonstrates a critical shortage 

of capital. In the hand-labor economies a major consideration is whether any
 

potential for capital formation exists. In the system represented by Agnale
 

village, the economy is almost completely non-monctized and there are few
 

natural resources available to make any tools. The Zusrungu district operates
 

at a slightly higher level of economic sophistication, although still a non

monetary economy; the scope for small tool manufacture is only slightly better
 

than at Agnale. In northern Nigeria where a monetary economy is established,
 

a higher level of specialization in skills has developed; local blacksmiths
 

make small tools which are purchased for money.
 

The slowness of capital formation is demonstrated in these cases. Credit
 

facilities could enhance the ability of such economies to improve the qualit)
 

and quantity of agricultural tools. HoeuveA, the e.tabWuneit o6 auch 6ac
,tiZe ma& be accompout.ed by 6uLtabte 6aci."e., to aepay indebtedzne.6. Re

payment may be arranged in kind or in cash out 6ai L&Ae to uicude 4ome piou4
aion 6o' incueaed paoducqtivit to o66aet £ic ea.ed idebtedne.a tead6 to a 

Oitonic htate o6 debt. 
The management of Tendaho Plantations is anxious to reap the benefits of
 

potential economies of scale. An increase in the supply of c3pital raised by
 

both public subrcription and the Ethiopian investment agencies would facilitate
 

the enlarger.ent of operations. A commercial concern usually can expind pro

vided the case for expansion is economically sound. Thus. at each Increment 

of expansion the Plantations' management Is obliged to justify its size of 

operation to the stock holders.
 

Scarcity of credit is a major constraint for the farmers of Setit-Humera.
 

The prime need is for operating capital to ease the seasonal Indebtedness
 

which throws many farmers into debt with the agricultural merchants who are
 

in a strategic poaition and are financially able to store produce, thereby
 
benefitting from market fluctuations.
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Th. te is a strong -ase for improving credit facilities in all agricultural
 

systm. In each case the cost of credit must be met out of agricultural pro

ductio,. but only for large commercial operators is the credit problem con

sidered soluble because adequate evidence of profitability :an usually pro

vide an adequate case to raise additional funds. Where the operation of small,
 

or even quite large, private farms is uncoordinated, the critical need for cre

dit facilities can quickly throw the system into a situation of chronic debt, 

because ot either inadequate levels of productivity or extortionate interest 

rates. The situation can be alleviated by government institutions providing
 

and controlling credit facilities. However, such institutions must take a
 

realistic view of the rural sector of the economy. The types of collateral and
 

conditions of borrowing which can be accommodated by rural operators are differ

ent from those existing in the urban Rectors with which banks generally appear
 

more famil'ar.
 

Other Economic Considerations
 

1) Management
 

Agricultural production is impossible without pome level of supervision. 

The individual farmer manages factors in the production function in a coordin

ated system in part determined by technology, and in part determining the level 

of technology which can be employed. As the level of technology increases the 

necessary skills of management become correspondingly more sophisticated, the 

farmer must shift his function from being a producer of power in the hand-power
 

systems to a director of power in the engine-powered systems.
 

In the hand-labor economies the decision-making processes of management
 

are largely the responsibility of traditional leaders. In Agnale basic opera

tional decisions are made by the council of village elders. Decision-making
 

in the cases of Zuarungu and northern NigerI, is based on the family group,
 

in which the leader is the most senior male member of the family. 

VecL6Aon-making .tncAeah iLn aophLticatio, a6 thie 6yhte iL mo'r corn

ptetey i nguted into a moket 4yaem. Farmers in the Chilalo Awraja of 

Ethiopia sell produce and buy many agricultural inputs. Most farmers are 

small-scale managers. Technical knowledge is learned generally from the pre

vious generation; the level of literacy for Chilalo is 7.4 percent of the
 

population.11 Thus the dissemination of information is not easy, although
 

a good extension service is being developed. Many farmers are willing to
 

accept this new form of local leadership. 

10 1 
imperial Ethiopian Government, RepoUt on a Su~vey o6 Asua6i Piouince, 

p. 11.
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The competence o a tocat eXten6ion 6e~vice L6 extAmetey i.po4tau Ohm any 604mn06 imp.'wved mechaniz.aion L6 con6ide.'ed intOw teue o an a"tA IO a _yene.'tteduxaton. Well-trained extension agrnts can fill serious gaps
in the technical knowledge of farr2rs i6 the agen aue accepted by the tocat 
comny. 

Setit-Humera shows the need for a good extension service to assist in 
local farm management. In this area, management is generally extensively
applied to both crops and equipment, but farmers are not obtaining the best
 use of their equipment; maintenance is poor and there 
are few technical services. 
 No data are available for average operatlg hours 
for tractors; 
a de
preciation rate 
of at 
least 20 percent per annum has been used in 
 ost calculations. 
 More intensive management should lead to better weed control (one
major problem), improvement of yields, and higher performance from equipment.

General educational standards among the farmers are 
low and good extension

services would play an important role in improving 
the prosperity of the area.


The objective of 
the Awash Valley Authority is to provide intensive management by well-trained and experienced individuals willing to live on 
the Amibar& Plains. 
 Managers maintain strict control over all settlement operations.

Management of the Tendaho Plantations is intensive with both expatriate


and Ethiopian personnel. 
Monthly cost accounting quickly reveals short termflaws in the operation and careful management control is maintained. 
Consequently, operating hours for tractors are high and, with increasing experience,

operational capacities have been improved annually.


The impoU.ce o6 mangmen at iu. cannot be ove~emp ized i.n the
ope.Aaion o6 
tActot-hiAe deAuvce6. 
 The equipment is expensive and requires

skilla in its deployment and maintenance to avoid uneconomical use.
 

The block farm scheme employed sophisticated machinery in 
 an area where
farmers were unfamiliar with such 
a level of mechanization but the extension
service personnel for this high level scheme was 
unable to provide sutticient,

in either numbers or 
skill, to operate the scheme efficiently. Even with a
large extension staff, the scheme affected only one 
percent of all farmers
 
in the resa.
 

2) 
Innovation and Entrepreneurship
 

Innovation 
is essential 
to economic development and is functionally close
to entrepreneurihip in that innovations usually 
are introduced into an agricultural sysem by entrepreneurs, although not all entrepreneurs are 
innovators.

This Interrelationship is borne out in the hand-labor economies; where entrepreneurial activities are an insignificant part of the system all recent inno
vations have been introduced by external agencies. 

In the Agnale arca innovations may be quite unsophisticated but their
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effects are far reaching. The local people are generally willing to follow the
 

auggeationa of innovating missionaries. More innovation may come from a recent
 

large influx of Nuer refugees from the Sudan who are largely cattle herders.
 

Having moved into an area of cultivation they may create innovations in adapting
 

to this new environment.
 

New developments in the Zuarungu area are largely the responsibility of
 

the extension service. In an area of small farmers, extension officers can
 
02  


promote the use of more modern Inputs.1 If the area develops surplus pro

duction, innovations will be necessary in marketing excess production or using
 

it for livestock feeding.
 

The Christian Service Committee also is in the position of local innovator
 

in northeastern Ghana. The encouragement given to local farmers to use oxen
 

has led to local entrepreneurship being established in the form of custom work
 

by oxen owners.
 

Local innovation in northern Nigeria is likely to be put into practice by
 

research and development agencies in the area such as the Industrial Develop

ment Center and the Institute for Agricultural Research. The socio-economic
 

effect of building a trucking road to link a number of small villages to Zaria
 

is under study by the Rural Economy Research Unit. Thue vi.tages now have 

'eady acce.6 to a 6aub taitiat yea 'ound maAket except in the wet season; this 

innovation originated from a proposal from the Institute for Agricultural Re

search.
 

In the case of Chilalo Awraja, most significant innovations in the area
 

have been introduced by CADU workers. There are a few local entrepreneurs who
 

may act as catalysts in the area. Some twelve farmers own tractors and two of
 

these have large farms of over 200 hectares. In the more sophisticated systems,
 

innovation is an integral part of entrepreneurial activities. The conception
 

of the Tendaho Plantations and its development as a going concern is largely
 

the work of expatriate management. Innovation is a frequent occurrence es

pecially in the operation of machinery and equipment. Not all executive and
 

management staff are expatriate and the inclusion of Ethiopian employees is
 

encouraged at these levels. Innovation becomes a joint effort of field, execu

tive, and administrative managers.
 

lflnomatou4 iL.the Setit-Hweenm aAea ane te.pitivate entt~ep~enout 6a~ime.u, 
rfa1Y O Az0om have ,iot known mote t Ationat im6 oj 6aAming. These farmers 

are willing both to experiment with new techniques and to follow advice from 

more -'perienced farmers. However, the lack of any permanent titles to land
 

tends to inhibit innovative land improvements.
 

102
The "Focus and Concentrate" Program sponsored by USAID/Ghana has
 
enlisted the cooperation of a number of local farmers to demonstrate the
 
results of fertilizer and improved seeds during the 1968/69 season.
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Innovation and entrepreneurial activities are divided in the Middle Awash
 

Settlement since executive and field management are physically separate. Most
 

individuals in the entrepreneurial functions live in Addis Ababa, an arrange

ment which tends to inhibit a quick appreciation of the scheme's immediate pro

blems. At the settlement, attempts of local management staff to innovate are
 

often frustrated by a mediocre labor force.
 

3) Economies of Scale
 

The size of operation has an important b aring on the level of agricul

tural production in all systems. In the hand-labor economies there is 
little
 

evidence of economics of scale in the present studies. However, these cases
 

have to be considered in the context of potential change. The introduction of
 

improved hand tools or appropriate animal-powered equipment may facilitate the
 

cultivation of larger areas and through economies of scale, lead to signifi

cant increases in productivity and employment levels.
 

The Chilalo Awraja case exemplifies a fairly well-developed animal-powered
 

system. Farmi are small with a degree of fragmentation which inhibits an easy
 

shift into engine-powered technology. At small-scale levels of operation the
 

most 
appropriate innovations In mechanization are animal-powered improvements.
 

In this way the farmers keep costs of operation low while improving farm pro

ductivity and incomes.
 

The problem of a satisfactory size of plot for engine-powered technology
 

is overcome in settlement schemes by amalgamation of family plots for culti

vation. Some diseconomies occur however. Despite the layout of land in large
 

blocks, each family has its allocated area, and not all families are equally
 

responsible. In the Middle Awash Settlement, outside labor is employed on
 

seriously neglected plots; the cost is charged to the scheme and the respon

sible family penalized on a point system.
 

Size of operation is important in plantation farming. Costs of establish

ment and operation are spread over a large volume of production. The large
 

size of Tendaho Plantations also facilitates the operation of a ginnery, and
 

cotton lint is sold for approximately three times the market price of unginned
 

cotton. Further economies could be realized by bulk transportation to Assab
 

and to Addis Ababa.
 

The Setit-Humera area has obvious potential for economies of 
scale. Since
 

land has not been fragmented into small holdings and there are no permanent 

titles to the land, amalgamation and farm reorganization should be an easy
 

possibility. With such large holdings, a wide range of agricultural equipment
 

is economically appropriate. 
However, there is a basic lack of infrastructure
 

that inhibits full realization of these economies of scale.
 

2-407
 



4) Infrastructure
 

econo-
Economic i4 nu6atAuctte mtat be expanded to accommodate pog,'t oS 

pogMum witU be ati6ted.ent axeaa, o£teuoihe themic deLetopment in di66e 
the Agnale village area
 

At present no economic infrastructure exists to serve 


the mission school which includes some courses
 of Ethiopia with the exception of 


area of the curriculum may be developed
related to local agriculture. This 


Recently, there have been discussions among the comunity
in the future. 


leaders about forming a credit cooperative . Instruction, 
extension, and
 

credit facilities are necessary elements of infrasturcture to facilitate signi-


At Gambela there are warehouses
 
ficant improvements in the existing system. 


and a quay which served the area when trade with Sudan 
flourished, an air strip.
 

police services and a school. The infrastructure is inadequate, however, for
 

the area until effective communications with a market
 commercial development of 


can be established.
 

in the Zuarungu area of northeastern Ghana, except 
for the lack of cre

dit and inadequate schools, sufficient infrastructure already 
exists to support
 

oxen power becomes established in the area, a training
the market economy. If 


school for oxen and farmers will become essential and 
extension walkers will
 

also have to become skilled in ox-farming techniques.
 

a general inade-

In the hand-labor economy of northern Nigeria there is 


facilitate the introduction of improved mc.nanized
 quacy of infrastructure to 


Feeder roads are lacking, although the main highway system 
is
 

technology. 

railways linking northern and southern
 good. Both Zaria and Kano are on 


Nigeria, but road connections with the south are poor.
 

In order to introduce animal-powered technology into the hand-labor
 

economy, it will be necessary to establish training institutes for extension
 

inadequate to
Credit facilities at present are
workers, farmers and animals. 


facilitate the purchase of such equipment.
 

In the Middle Awash Settlet-ent in Ethiopia roads are generally 
inadequate
 

for development in the immediate vicinity although the main highway to the 

has been hauled out of the immediate develop
market is adequate once the cotton 


ment ares. The financial underwriting of the settlement is covered through
 

The scheme is being exrcnded quite gradthe Imperial Ethiopian Government. 


ually according to the availability of funds.
 

the Middle

An important element of infrastructure for the development , 


Awash exists in the research station at Helka Werer which has significantly
 

The Station had accumulated a
 assisted the overall development of the area. 


fund of local technical knowledge before the settlement was established, and
 

continues to experiment with crops, crop varieties and cultivation 
techniques.
 

The size of the Tendaho operation and the availability of capital through 
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its co-sponsors have facilitated the creation of much vital Infr&atructure.
 
The road to tOe main highway is not good at present, but the company and the
 
local government authorities have a common interest in Improving this situa

tion.
 

Both operating and fixed capital are 
raised through the parent company

and the Ethiopian Investment Corporation Share Company. 
 The supply of capital

is adequate but acts as 
a major constraint onaexpansion. 
More rapid expan
sion to the full concession of 10,000 hectares would allow the economies of
 
scale to be exploited more effe'tively.
 

Expement at.&ion a orpottant . devopment o6 new techniquA and diA
em oa
on 
06 technica knowtedge. 
Tendaho Plantations conducts experimental


work on a small scale. 
 The work, begun recently, has progressed rapidly since
 
the appointment of 
an agronomist. Experimentul work on variety and fertilizer
 
trials, and on 
alternative cultivation techniques as well 
as the possibility
 
of growing alternative crops, may have on 
important influence on development
 
of both the plantations and general farming 
in the area.
 

As the surrounding economy adjusts to this large-scale operation, new
 
opportunities develop for local entrepreneurs to establish service 
depots
 
to serve small enterprises in the 
area. 
 At present Tendaho workshops service
 
a number of locally-owned tractors. 
This work could be taken over in the
 
future by a local service depot with its main source of 
Income from work done
 
for the Plantations. 
 Tendaho has enough equipment to justify a supply and
 
service depot's being established in the area by one 
of the main agricultural

machinery companies. 
 In this way a local base could be established for 
re
pairs, service and supply of mechanized equipment.
 

The Seti-HumeA4 cae i Ethiopia exelpti6i an OAta in w'*ich pti a %ee 
aouAteh aAe no tongeA adequate to maintain Aapd devetopment. Outside sources 
of capital ere required by farmers especially for operating capital. Most

farmers see this to be their major problem which has resutlted in a general
 
position of indebtedness. 
 The larger entrepreneurs are able to avoid heavy

debt by transporting their produce to Asmara where better prices can 
be ob
tained and regular bank credit is 
 nvailable.
 

Transport and handling charges are high in proportion to profits.103
 
Produce must be handled twice 
or even three times be:ause of the absence of
 
a bridge over the Tekaze River and feeder roads in the 
area are inadequate.


All technical services 
to the area are inadequate. The Ministry of 
Agriculture is in the process of establishing an experimental farm at Humers.
 
With the dearth of technical knowledge, there is need for much experimental 

10 3
 
Imperial Ethiopian Government, Repo4t 
o 
the Sutvey MiA6ion on teA9&.cu~wA=a. Oevetopment o6 Se&t-Humz, pp. 38-39. 
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work and extension service technical information. Only one service depot
 

existi in the ares for tractors from at least twelve different manufacturers.
 

Insect attack is serious and an effective aerial spray service is necessary
 

for the area to remain in cotton production. For those farmers with adequate
 

supplies of capital, pest control is the single most important problem.
 

5) Impact on the Local Economy
 

The introduction and development of infrastructure to facilitate mechani

zed technology has a far reaching effect on the local !conomy. For this
 

reason, the development of an extensive infrastructure becomes an impoltant
 

catalyst in the proximate local economy.
 

The Middle Awash Settlement has an important influence over local far

mers. Although there are no small farners growing cotton in the area, there
 

are private farmers with sbustantial concessions of land who can make use

ful comparisons between their own methods and those of the settlement. Further

more, the settlement has its own repair and service workshops, and recent
 

plans include the establishment of a tractor service depot at the small village
 

of Awash Station. There are now sufficient tractors in the area to warrant
 

an equipment depot of a commercial dealer. Such a development is likely to
 

accelerate the use of engine-powered equipment on the Amibara Plains in the
 

future.
 

The first season of the Hiddle Awash Settlement amounted to an experi

mental period of considerable assistance in planning subsequent development.
 

This performed tte function of a pilot project by which experience already
 
104
 

gained at Melka Werer Experiment Station was put into practice.
 

The Christian Service Committee in Ghana influences the locil economy
 

through demonstrations, training and experimentation. Courses are related
 

to immediate local problems and are taught through media designed for illiterate
 

farmers. Experiments also are conducted on the small farm to test new crops,
 

crop varieties, and different cultivation techniques.
 

The impact of Tendaho Plantations on the local economy is far reaching
 

in the aspects of infrastructure already discussed. In addition, the train

ing potential is significant. The local workshop training school prepares
 

mechanics and drivers for work at Tendaho and adds to the local supply of
 

technically-trained individuals. Well-educated local people are it management
 

positions at Tendaho. Several of these individuals after leaving employment
 

10 4

The development of pilot schemes should obviously be a founding prin

ciple of settlement schemes which seems to be seldom adhered to in practice.
 
J. Arthur Lewis. "Some Thoughts on Land Settlement", Carl K. Eicher and 

Lawrence W. Witt (eds.), AgtcuRue intEconeomic 't'',ne (New York: 
McGraw-Hill Book Company, 1964), pp. 299-3)0. 
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with the Tendaho Plantations have become farmers themselves. TIU. potetia 

6o4 developing *ndigenou4 entfepuneeu..ia tatv moving out into amfateA ja4-

Ming ope. 6 i ipoxUnt.
n 

On the othcr hand, the demonstration effect of such a large-scale opera

tion as Tendaho on already established small farmers with no experience out

side the traditional agriculture is probably insignificant since such a scale
 

of operation is so far removed from any possible form of production that the
 

local farmers may hope to practice. Thus, small farmers in the locality of
 

Tendaho are unlikely to consider any technical emulations. However, the abil

ity of small farmers to earn a relatively substantial cash income during the
 

cotton picking season is an important factor in undergirding the traditional
 

sector of the economy with prospects of a reliable source for an annual cash
 

income. Small farmers now have cash to pay for seeds, fertilizers and taxes
 

and, with a rellablc cash income, are in a better financial position to con

sider purchasing improved inputs.
 

6) Level of Employment
 

Both the cases of Tendaho Plantations and Setit-lumera demonstrate the
 

facility of large-scale agricultural systems, which use engine power only in
 

part of the production process, to employ large numbers of hand laborers. Data
 

on the distribution of labor employment on Tendaho Plantations presented In
 

Table 11.42 indicate that the number of workers reaches a peak around 7,000
 

at the height of the picking season, and there are over 300 permanent employees.
 

The fluctuation in labor requirements is met by employing daily workers from
 

the surrounding highland areas. Since cotton is not grown on the highland
 

farms, there is little conflict with labor demands on their own farms. The
 

a:,uwat wage bill ateone to $360,000, a .iubtanit nioiietojdmocwtb oveA booai.
 
ime, wniti eicght yeama ago, the'te we~e no enptoymnti oppontUa.
 

In Setit-Humera, with approximately 170,000 hectares of land under cul

tivation, there is a tremendous build-up of migrant labor. From the end of
 

June through February there is an influx of some 60,000 workers from the sur

rounding comunities. The area under cultivation is roughly 30 times larger
 

than Tendaho Plantations and the employment level roughly ten times greater,
 

thus, cultivation in the Setit-Humera area is much less intensive.
 

The main source of labor for the Middle Awash Settlement is from settler
 

families. The Afars are given much encouragement although the scheme could
 

not function without superior migrant workers whose numbers probably never ex

ceed 500.
 

7) New Commerical Enterprises
 

Allusion has already been made to the facility of commerciol enterprises
 

to stimulate the development of economic infrastructure. LOAze-6cate ejtctApi4
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eornand aujji.ent Aaoue. to ptay an Jpoataapah Ln tJe Zintiat economic 
devetopen t oJ a new akta. In the hand-labor economies, commercial enterprises, 

particularly in conjunction with carefully planned government development pro

grams, can help significantly in the introduction of an improved mechanized
 

technology.
 

The agricultural potential of the Agnale region of Ethiopia is good, but
 

experimental work will be necessary. There is much swamp which, with proper
 

water control, could produce rice and cotton. Maize and sorghum grow well in
 

the area and citrus fruits have good potential. A commercial operation in the
 

area could exploit these economic potentials, and the local people could provide
 

a reservoir of hand labor. Such an approach would gradually draw local people
 

into a cash economy. As part of the total development program of the area, im

proving the local subsistence economy can continue as a function of missionary
 

endeavor or be taken over by appropriate government services.
 

In the Zuarungu area of Ghana a few large commercial enterprises have been
 

established: a meat-packing factory, a tomato-packing factory, a gravel and
 

brick factory. These organizations can form the basis to expand market facili

ties for the small farm economy. Enterprises which use large areas of land can

not be accommodated in the area until pest control is undertaken to release
 

more land for agricultural purposes.
 

In northern Nigeria cattle-raising enterprises could be developed in
 

the nearby range country to augment the incomes and stimulate meat production
 

from the Fulani herds. 10 5 Surplus grain crop production might be encouraged,
 

where additional land is available, or by raising agricultural productivity in
 

heavily populated areas, as a source of supplemental feed for the Fulani cattle.
 

8) The Market
 

The introduction of appropriate mechanized technology into agricultural
 

systems necessitates finding an economic ourlet for resultant increases in pro

duction. Therefore, export potential is an essential factor in considering the
 

ability of any system to support mechanization schemes.
 

In considering export potential from an area, a distinction must be drawn
 

between production for a domestic market and production for the world market.
 

The e66ective demand o6 a potentiat dome~tic maAket may 6,%equenaty proue in
adequate to .uppota a propoed mednzation 4cheme. On the other hand, te 
economic vagawLi, aeong with the demand Jor abteady uetabt hed atandaAd o6 

quatity Jo&±nd in the woAhd mahket may utnder. thZ6 an ext~emety di66cudt maL-
Iket to enteA. 

OJohn H. McCoy, "Modernizing the Northern Beef Industry," Consortium 
for the Study of Nigerian Rural Development, NtigeAan RwuA Veuetopment, Re
port No. 7, (mimeographod) (papers presented at the East Lansing Conference, 
Michigan State University East Lansing, Michigan, 1-2 May 1967), Section H. 
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The current lack of any adequate infrastructure in the Agnale area, and
 

its remoteness from any large markets, make coercial operations impossible
 

unless infrastructure can be developed with or without government cooperation.
 

It is unlikely that the agricultural potentials of this area can be exploited
 

simply by improving the existing system. An alternativt possibility is pro

ducing certain high-value fruits, fish products, &id sklus through establishing
 

cooperatives.
 

In the Zuarungu area of Ghana, beef fed on increased production of grain
 

is a possibility but this will necessitate the development of commercial stock
 

feeding. In the present social context, an independent commercial enterprise
 

could develop this potential more readily than attempting to encourage small
 

farmers to take an interest in stock rearing. Moreover, this possibility will
 

only be feasible when substantial increases in the supply of land are made
 

available through control of tsetse and black fly infestation.
 

The key source of income and growth for the upper four northern states

106 

of Nigeria is groundnuts. "Nigeria is the world's largest exporter of
 

groundnuts . . . . The prospects are reasonably good for Nigeria to triple 

groundnut production over the 1970-1985 period . . .107 In order to exploit
 

fully the exporting of groundnuts from northern Nigeria, much attention must
 

be given to guide the production, processing, and exportation of the crop.
 

The program which the Consortium for the Study of Nigerian Rural Development
 

(CSNRD) recommends is to encourage production among a few farmers, concentrating
 

on fertilizer use. Encouragement to expand production by raising producer pri

ces is expected to lead to a substantial increase in the use of fertili?er,
 

draft animals, and land under cultivation.
108 

This approach would have a pro

found effect on the hand-labor economy of the area but infrastructure of all
 

kinds will be necessary to realize the potential in this export crop.
 

Exports and imports of Arussi Province of Ethiopia (in which the Chilalo
 

Awraja is located) are approximately equal; exporting wheat, barley, fruit
 

and vegetables; and importing te6, maize, sugar and a few minor crop pro
109 


duce. The grain crops for export could be developed but because of a
 

sufficiency of grain crops in Ethiopia, the establishment of grain consuming
 

enterprises is more desirable. CADU organizers are working on the possibility
 

of developing beef and milk production.
 

06

1 Consortium 
for the Stidy of Nigerian Rural Development, Fot the ESuy 

Adminit.aw~4 CSNIZP'h Main Recorendationai and a SwmmtAy od 116 Reiea&t Re
6u 6 Preliminary Draft (mimeographed) (East Lansing: Michigan State Univer
sity. January, 1969), pp. 26-7.
 

0 7
1 Ibid., p. 26.
 
108Ibid., 
p. 27.
 
109


Willis G. Eichberger, Food Ptodue.ion and ULtJ.zo.on in Etiopia, E.C. 

1958 (mimeographed) (Addis Ababa: USAID/Ethiopia, Kay, 1968). p. 21.
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The Middle Awash Settlement will market ginned cotton in Addls Ababa in
 

the 1969/70 season. Amibara cotton is of sufficiently high quality to warrant
 

export b-itsources of average quality cotton first must be established to
 

supply the national textile industry.
 

All produce from the Tendaho Plantations is exported from the area and 

cotton seed is exported from the country. Exportation to the world market 

of cotton lint from Tendaho probably will increase because of its high quality 

despite the readily available domestic market. This potential to export onto 

the world market is especially significant for developing countries which have
 

to import substantial quantities of agricultural machinery.
 

Sesame is the high-value export crop produced in the Setit-Humera area
 

and sorghum is an important food grain. MueS' sesame is exported from the
 

country; only 15 percent of sorghum remains in the area. Cotton from Setit-

Humera tends to be inferior to crns grown in other areas of the country but 

can be utilized in the Ethiopian textile industry, thereby releasing superior 

cotton to the world market.
 

Exploiting the export potential of the national economy is only one safe

guard for programs which expand agricultural production. The nature of demand
 

for the produce is another major consideration. Farm production is generally
 

valued either in forms of local average market prices or imputed prices have 

been used to reflect seasonal fluctuations. An estimate of demand elasticities
 

is also necessary if accurate estimates of income changes are to be computed 

before the implementation of mechanization programs. Agricultural production 

is very susceptible to the problems associated with inelastic demand curves, 

illustrated by the 1968 fall in prices for grain sorghum from the Setit-Humera 

area. (The situation was aggravated by the closure of the Suez Canal.) 

The process of mechanizing agricultural technology involves a shift in 

the structure of farmers production costs. TIh. 6Ihi mui be met by t le 

ffwket AetuAm and mut be acconrdoated in 6)u' expect.ton6 o6 both 
mAhet puce and tota, 6oatabte output. Farm income may be changed by a shift 

in the diversification of production but it is essential that planners estimate
 

the probable effect on agriculLural income of a planned expansion in agricul

tural production. Farmers, in the same situation and with some notion of local
 

market conditions, may conceive their own estimstes. If there is a significant
 

divergence between the estimates of planners and those of farners, the scheme
 

may fall into serious difficulties of implementation.
 

Level and Scope for Mechanization
 

In the Agnale village economy it is only possible to consider mechaniza

tion in terms of hand-powered tools. If some articulation with a market economy
 

can be developed, then small engine-powered tools may become appropriate. The
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present level of tsetse fly infestation makes animal-powered mechanization
 

impossible. Tools presently in use are 
unsophisticated, and only by im
proving hand tools it is possible to improve labor productivity. The local
 
agricultural missionary estimates that labor productivity can 
be doubled by
 
improved hand tools. Such improvements are likely to increase the leisure of
 
the workers unless an outlet 
can be found for additional production. New crop
 

varieties also lead to increases in production. Some sort of compromise will
 
have to be reached between increasing productivity of land and labor, the dis
posal of surplus, and the Creation of greater periods of leisure time.
 

In the Zuarungu vicinity of northeastern Ghana a significant increase
 
in farm power is required and may be obtainable through the development of
 

mixed farming. 
 The extension service of the Ministry of Agriculture and the
 
Christian Service Committee are separate agencies working with local farmers
 

to encourage the adoption of animal-powered technology. At present, however,
 

the inadequate supply of draft animals, a general prejudice against working
 

with cattle, and the small average size of farms inhibit the development of
 

mixed farming.
 

In northern Nigeria, adequate labor is available and apparently there is
 

no pressing need to increase the level of agricultural production. 
The
 
reasons 
for crop failure are generally climatic rather than economic. Although
 
the surplus of food crop production is seldom large, the bulk of exported crops
 

is produced on a large number of small farms. 
The risk of food crop failure
 
is hedged against by growing a wide variety of produce in a mixed cropping
 

system. Many different crops and mixed cropping are two features of the sys

tem which Pre inimical to mechanization with either the animal- or engine
powered tools. Fo& ctLUtvoton tvith equipment more sophi2ticated than hand 
too&, in~iividuae c'op6 nt be grown in 6epakate ea; thuh undeA the pite
aent c/op p'ctca, the acope 6o% imptoued mediaiztion muL6t 4main at the 
hand-toot teuet. 

There are, however, in northern Nigeria a large number of mixed farms 
which use animal powar. Laurent estimates over 36,000 such farms exist in 

110  this area.
 In addition, useful research in developing and testing new ani
mal equipment and techniques of cultivation is in progress at the 
Industrial
 
Development Center, Maiduguri. 
The use of ridges may be open to re-examination
 

in the light of new developments in animal implements.il l
 

110

Laurent, op. CU., p. 235.
 

illRecent evidence suggests that the cultivation on ridges is less pro
tective against erosion than flat cultivation. It is necessary to continuously

reappraise established systems of tillage in the 
light of new technical know
ledge. 
Another example of this continual necessity for experimentation is the

development of minimum tillage techniques in East Africa after many years of
 
cultivation by the disk plow practiced by European settlers.
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Thus, the dissemination of agricultural technology employing animal
 

power in northern Nigeria is feasible with the present level of accumulated
 

technical knowledge and the presence of advisory workers in the area. However,
 

the average farm size (2.36 hectares) and the degree of fragmentation will
 

have to be modified before oxen pover is economically feasible. A land market
 

exists so that &-algamation and enlargement is not an imposbibility. However,
 

incentives to produce marketable surpluses must be continually reassessed so
 

that raising productivity through Improved mechanization remains attractive
 

to the small farmer.
 

The Zuarungu area of Ghana is essentially a hand-labtr economy. The
 

level of animal power currently encouraged by the govcrnment does not seem
 

appropriate to this area for a number of reasons: the officially preferred
 

tools are too large for local oxen to pull; the local average farm is smaller
 

than the optimum sfze which has been suggested for oxen cultivation (an average
 

of 4.05-6.07 hectares to make an oxen team worthwhile contrasted with an aver

age of 3.23 hectares per farm); the area is already heavily populated and
 

heavy draft animals cannot be supported even if the local people could afford
 

to buy them (which is unlikely); the disinclination of the Kusasi people to
 

take care of oxen in a manner appropriate for draft animals.
 

Tests with animal power are being conducted to meet local problems.
 

An farmera shg interest, they are encouraged and given adequate instruction
 

in new techniques with their own animals without any attemt to discourage
 

the use of the heavier and sophisticated animal-powered equipment sponsored
 

officially. With local population pressure. some investigations into the
 

possibility of using small engine-powered hand equipment ..s needed. Such a
 

form of mechanization could relieve progressive farmers oi the necessity-to 

house and feed extra draft animals and still increase mechanical assistance. 

However, serious disadvantages also emerge in considering the use of this 

type of engine power: repair and maintenance servies be,:ome necessary; the 

farmers become involved in higher cost structures; the level of sophistication
 

may move beyond the farmer's comprehension.
 

Ox-powered farming has generally proved adequate for domestic needs of
 

the Chilalo Araja area of Ethiopia. However, many obvious economies can be
 

derived from improvements to animal implemenLs. Local farmers are also showing
 

increasing interest in engine-powered cultivation and are either willing to 

hire tractor services or seeking ways to own tractors. The possibility of 

engine-powered technology, however, involves the principle of appropriateness. 

Such technology greatly increases both the productive capability of the far

mar and the total cost structure of the farm. In order to make the use of
 

tractor power economical, the level of production must increase sufficiently
 

to meet the increase in coats. Yields can be increased by varietal improve
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ments, fertilizer application, and the better cultivation practices facilita

ted by the engine-powered equipment.
 

As the farmer employs more sophisticated power in his farm organization,
 

the rudimentary market also must be capable of expansion to accommodate a 

new level of production. FdAm atuc. £u mu be au 6icientty 6ex.bte, thftough 

awnactciaion and conao.d..ton o6 6d4gment6, to 6acd.Zae the uae o ilmp4oued 

anint i temei4 O4 tc;toCiLO pOwCA. Otherwise, the farm system cannot adjust 

to enable production to sccoumodate the new cost structure. 

In the Middle Awash Settlement engine power is employed in early clearing, 

cultivation and irrigation pumping. Until hand labor becomes more expensive, 

the other operations are unlikely to be mechanized. The settlement area offers
 

scope for large-scale testing of tools and cultivation techniques for which
 

the Melka Werer Experiment Station can provide the necessary facilities.
 

Mechanized operations similar to those of the Middle Awash Settlement 

exist on the Tendaho Plantations and in the Setit-Humera area. Engine power 

insures timely and satisfactory cultivation and a well-established crop. The 

systems are already established and there is scope for improvement of operations 

and in reaping the benefit of potential economics of scale. It is unlikely 

that other operations will be mechanized unless new bottlenecks in the pro

ductive process emerge. The present level of available hand labor and the 

employment capacity of Tendaho Plantations, drawing large numbers of people 

into the money economy, suggests that more extensive mechanization would be 

inappropriate. A system of tillage using the wide one-way disk has been de

veloped by the farmers on Setit-Humera, but there is no evidence that this is 

the most appropriate form of cultivation. Mechanization is 1.-ely to develop 

as individual farmers find new implements necessary, and manufacturers are 

able to bring them into the area along with appropriate services. Testing 

equipment brought into the area could be an important function of the experi

mental farm but the individual farmer looks to the government to provide such 

a service. The shift in total annual costs of production is an Important con

sideration in aRricultural mechanization. Fot tJhe 6mZ.L dAomeA uaing oxen, 

the totat annu.. coata 604tdam powevt ate mrainained t a tow tevel, Atatue 

to eng.tue-paomoed tecinot.ogy. In addition, the farmer using oxen is not re

quired to be as highly skilled in management abilit ; his repair bills and 

cash payments are relatively low; oxen provide manure and ultimately meat; and 

a team of oxen can be divided into two units. On the other hand, compared
 

with tracotrs, oxen tend to be slow; timeliness becomes more difficult, and
 

the health of the animal bears directly on its ability to work. Thu.6
 

tow totat coata o6 p'oduction a6ociaedwiA1 oxen poweA ate geMeAALY accom

pattied by Lt.eA podu~-4y. 
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Associated Social Factors
 

the Agnale village area consists of small isolated
The social syiem of 


Isolation is not physical since local villagers 
come into
 

village .momunities. 


frequent contact with each other; but there exists 
a mutual mistrust among the
 

Marriage between individuals of difcomunities tending to L.rep them apart. 


ferent villages takes place, but otherwise there 
are few interests outside one's
 

own village. Innovators can work with relative ease with the 
members of sepa

the future, outside commercial enterprises may 
attempt 
to
 

rate villages. In 

can be hired from
 

the area on the assumption that local hand labor 
operate in 


aome J.me ho6t.L4.1,the villages, but 6iAA thh a.ttude6 o . O tion, aAd 

mut be oe.come. 

The social structure in the Northern and Upper Regions or Ghana is :om

a village community does nrc exist. posed of separate compounds; the concept of 

Individual members of each compound are not isolated 
from neighboring compounds 

and, there is considerable association and mutual 
assistance betwern compounds.
 

fairly freely with groups
Thus, it is possible for extension workers to operate 

of farmers representing a fairly wide area.
 

Sociological problems emerge, however, from suspicion 
between farmers when
 

to be prospering compsred to the general performance 
of
 

one. or some, appear 
confound themselves involved in 


area. Extension workers haive
farmers in the 


rising out of this situation after having selected some of the better flicts 

farmers as models for demonstrations.
 

the area by using comercial enterprises as economic catalysts
Developing 

will probably lead to more sociological problems, associated with the hire of
 

for cer-

The ties of the land are strong in these areas of Ghana and 
labor. 


the status of landless laborer is
 to make the transition to
tain individuals 

culturally difficult.
 
area
 

introdt .tion of tractors into the agricultural technology of an 
The 


important influence on the pattern of employment. 
One tractor requires


has an 


a driver, mechanic, clerk, assistant driver, and 
storekeeper.


the services of 

n
 

,Aton in er.ptoyme t but the impotaant
Emptoyment o6 oxe ivotvm te potie 


6m oxen to aactot pouvA iA the concomitant ahiZ6t in
a~pect o6 the. 6t 
ahiM . The effect in the short run 

emptoyment 6om uneducated to educated 

lead to additional unemployment of rural workers accompanied 
by a scarcity
 

In the longer run, with the education of rural
 
can 


of educated rural workers. 


young people, such a shift may offer attractive rural 
employment to educated
 

rural youths and mitigate the problem of migration to the cities.
 

The objectives of the Middle Awash Settlement will eventually lead to a
 

the Afars' mode of living. This will not be an easydramatic modification of 

task but there are sociological pressures on the Afars in this region which 

in other parts of Ethiopia. An 
make conditions more favorable to change than 
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important principle of settlement emphasized be Lewis has been adhered to in
 

112  

this scheme: there must be no large capital expenditure on dwellings for
 

the settlers. Here, the villages consist of traditional Afar houses. The
 

place for settlement seems to be right, since the Amibara Plains has not been
 
1 13
 

previsouly settled, and no local prejudices exist against settling there.
 

Social tensions between Afar and highland people have been kept to a mini

mum although the obvious superiority in the quality of work done by highlanders
 

has led to a certain amount of jealousy on the part of the Afars. 

The key to the social problems of settlement in this area appears to be
 

whether the Afars are willing to accept the advantagza that accompany a cash 

income. Against these advantages are disadvantages of conflicting loyalties:
 

between their former nomadic way of living with the controls of traditional
 

leadership on the one hand; and the new way of living within the framework of
 

the modern economy with its accompanying economic controls on the other.
 

The establishment of the Tendaho Plantations in a relatively isolated part
 

of the country has initiated a number of socio-economic problems. The major
 

problem is associated with the establishment and expansion of a local community
 

of workers in the village of Dubte. The rapid expansion of these communities
 

has created difficulties in accommodation, sanitation, civil administration,
 

and domestic supplies. These are problems which are not the responsibility
 

of a commercial organization and yet cannot be ignored. The social organiza

tion of these temporary villages may have to become the joint responsibility
 

of the local administration and Tendaho PI:,tstlons.
 

In addition to this problem creat-±d by the workers, the Plantations'
 

authorities have had to be very dirlonatic with Afar leaders. Although the
 

cultivated area is a land concession, Afar herds and flocks have always been
 

grazed in these areas. So far, grievances have been settled through amicable
 

negotiations with the Sultan.
 

There is one overriding sociological factor which has to be taken into
 

account in all programs of economic development in Equatorial Africa: the 

pt.ecedenc o6 6w4 toyateA. In the social milieu of Equatorial African 

civilization, individual loyalties to the family and the local comunity have
 

taken precedence for many generations. This acts as an economic and social
 

security for the family and the local community. Such attitudes remain with
 

the individual even when he moves away from the social environment of his par

ents or ancestors.
 

The demands of the modern economy come into conflict with these attitudes 

of social loyalty. The market economy demands a form of loyalty between the 

112

Lewia, op. cit., p. 302.
 

113ibid., p. 300.
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parties in a contractual relationship; the administration of business and gov

ernment demand individual identification with the rational precepts on which the
 

institution is founded. In the final analysis, individual attitudes necessary
 

for the successful operation of modern economics units at present are frequently
 

in conflict with individual social attitudes and, for this reason, many apparent

ly economically well-founded operations fail ti realize their potential. Such 

attitudes may well change in time as several generations of Africans who under

stand the function of rational precepts in society, are able to build into their 

own social system generally acceptable provisions for economic and social secu

rity. Until such chnges take place any program of economic development in 

Equatorial Africa must give recognition to the fact that the final loyalties of 

most involved individuals have terms of reference which lie outside the immediate 

ramifications of the program. Given such recognition, the realization that per

sonal objectives are not identifiable completely with the objectives o! a devel

opment program should not come as a surprise to planners. RaChe't, petioaa 

objective ahoutd be 4ecognized as leg~tc e 6actou to be taken itfo accout 

in dweng up devetopment p ogum. 
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CHAPTER V
 

INTRODUCTION OF DPROVED TECHNOLOGY AND POWER 
INTO PRESENT FARMING SYSTEMS 

Introduction: Regional Cooperation and
 
Increased Facilities for Production
 

The materials in this final chapter are arranged similarly to Chapter IV.
 

The general engineering and technical aspects of introducing improved tech

nology and power into present farming systems are given first consideration;
 

factors which favor the different levels of mechanization and transition from
 

one form 
to another have been drawn together in the fourth subdivision of the
 

chapter. An economic appraisal of major considerations to be taken into
 

account when Introducing new technology into a farming system concludes the
 

chapter.
 

Regional Cooperation
 

Throughout Equatorial Africa much thought and attention is being given to
 

the problems of introducing improved tools, implements, power units and tech

niques into developing agriculture. Two areas of focus are regional coopera

tion and increased facilities for production.
 

In East Africa a Specialists Committee on Agricultural Machinery meets
 

every other year to exchange ideas and to coordinate research, education,
 

manufacturing, testing, development and application programs aimed at solving
 

common problems in the mechanization of agriculture. The areas most often
 
mentioned as needing attention are: training of operators and farmers; selec

tive and rational approaches to mechanization; adaptive research on practical
 

farm problems; greater support by governments and agricultural extension ser

vices in demonstrating and promoting Improved cultivation practices; 
increased
 

emphasis on maintenance, spare parts and supporting services; more realistic
 

and accurate cost analyses; improved efficiency in management; a:idthe need
 

for better planning, organization and evaluation of mechanization projects
 

and training programs.
 

An overall approach is essential for all groups engaged In research,
 

extension, education and itdustry to assist the small farmer 
to become a more
 

efficient producer. The East African Agricultural and Forestry Research Or

ganization has a full time staff member assigned to work with Kenya, Tanzania
 

and Uganda in promoting and coordinating activities related to agricultural 

mechanizsaion. With formation of the new East African Counity and the 

application of Ethiopia, Zambia, Somalia and other countries to join. there 

is hope that regional cooperation will increae. 

In western Africa groups are working separately on problems of mechani

zation in their respective countries; but little regional cooperation exists 
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at this time.
 

In Nigeria, an association of Agricultural Engineers has been meeting
 

annually since 1963 to discuss progress and developments in animal- and engine

powered agriculture. Meetings are sponsored jointly by the Institute for
 

Agricultural Research, Ahmadu Bello University at Samarz and the Ministry
 

of Agriculture, Northern Nigeria. Kaduna. The new International Institute for
 

Tropical Agriculture at Ibadan, sponsored by the Ford ana Rockefeller Foun

dations, provides a base for a greatly expanded program of African regional
 

cooperation and development.
 

In Ghana, the first Agricultural Mechanization Seminar was held in
 

November, 1964, and a second meeting was hell in January, 1969, to review
 

the many problems and oppurtunities facing the government's mechanization
 

program and tractor-hire service, both of which need sound business and eco

nomic bases.
 

In Senegal, the Banbey Centre for Agronomic Research has conducted exten

sive studies on animal-powered tecl..-iques and equipment and has assisted the
 

government agricultural popularizers in putting research recommendations into
 

effect on farmers' fields. They have also helped the SISCOMA factory to pro

duce implements suitable to farmers' needs.
 

In Ivory Corast, a government-owned but privately-operated organization
 

called Motoragri has been given the responsibility of developing agriculture
 

and rural communities. A large part of its work is land-clearing for coamer

cial crops and construction of roads, dams and villages. It also conducts a
 

regular tractor-hire service for seasonal agricultural operations to assist
 

both small and larger farmers. It works closely with the Ministry of Agri

culture and the Institute for Research in Tropical Agriculture (IRAT) to
 

develop high potential land and to introduce improved practices, techniques
 

and implements to farmers.
 

Increased Facilities for Production
 

in
 

each of the Equatorial African countries covered in this Study. Not all
 

investments have been wisely undertaken or effectively carried out. A few
 

have fulfilled the hopes of the planners. Two which have been very successful,
 

the Hotoragri operation In Ivory.Coast and the Narosurra Farm Mechanization 

Training Scheme in Kenya, will be reviewed briefly.
 

A great deal has been learned, but in general the small farmer has not
 

yet benefited in proportion to the effort and money expended. While non-


African commercial farms have accounted for most of the past investment in
 

power systems for production, the smaller African farmers are now beginning
 

to demand access to improved machinery and training, either through direct
 

Considerable investment has been made to improve means of production 
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acquisition or service rendered by gevernment and private 
contractors.
 
Lewellyn-Jones stated that in 1967 appruximately 3,000 
tractors and
 

associatcd equipment hL. been bold in the private sector of East Africa, with
 
a monetar. investment of between 10 and 11 million dollars. 1 


Currently,
 

about 30 percent of new tractors sold in Kenya are purchased by Africans.
 
Because the Government of Tanzania terminated the tractor-hire service formerly
 
offered through the cooperatives (230 tractors in the Western Region were
 
sold to farmers in October, 1968), most of the tractors 
purchased from nov on
 
will be privately owned. 
In Ethiopia there has been a large increase in the
 
purchase of tractors by private farmers; only a few have been acquired by
 
government organizations. Sales of farm tractors jumped from less 
than 100
 
each year prior to 
1965, to 172 wheel tractors in 1965; 449 in 1966; 405 in
 

1967; and to over 500 in 1968.2
 

In Nigeria, sales of 
tractors and m.achinery has been stalemated since the
 
development of the Biafran situation, but a big boom is expected when the 
con
flict ends. The government also hopes to sell some 
of its Ministry of Agri
culture tractors 
to private farmers and farm contractors.
 

In Ghana, the Ministry of Agriculture is putting the last of its wheel
 
tractors, purchased from Czechoslovakia before 1966, 
into operation In the
 
tractor-hire service. 
 A few private farmers, cooperatives, and plantations
 

are beginning to 
purchase tractors, but the economy is still unsettled and
 

finsces tight.
 

In 
this chapter several examples will show different approaches to the
 
problem of introducing agricultural mechanization Lo Equatorial African
 

nations.
 

Hand-powered Sys tems 

Improve Hand-powered Agriculture and Make the 
Cultivator-owner a More Efficient Producer 

Utilize Extra Available Labor and Better Hand Tools 
toMake Improvementsin
 
Land and Physical Facilities
 

1. Non-monetary Investments in husan thought and effort can go a long
 
way toward raising land productivity and increasing its value. 
 Clearing land
 
of bushes, trees, stones and stumps will permit continuous cultivation. Hand
 

tools used with proper planning, guidance and encouragement can accomplish
 
much despite low cash investment.
 

Iinutez o6 a Mee.,ing o6 Speciatizt Ccnittee on A c.uttL ., MaLhn 4Hetd at No,' thu Rehealdz Cente. Tengwu, AMuaha, Tanzania, OctobeA, 1967. 
2

Major farm machinery dealers, Addis Ababa, Ethiopia, Personal
 

Communications, October, 1968.
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2. The farmer can re-form or shape land surfaces to conserve water, 

prevent erosion and ease tillage by: removing rocks, stones, roots and other 

obstacles; leveling land to spread water more evenly, reduce wet spots, and 

eliminar dry areas; building terraces and laying contour strips to minimize
 

water and soil loss; lengthening and shaping fields for more efficient use
 

of tools dandreduce frequent turning; developing basic water resources,
 

springs, ponds or small irrigation canals to store, conserve, improve or
 

control water movement.
 

3. Any limited capital and credit available should be used for short

term investments in improved varieties of seeds, fertilizer, pesticides and
 

seed trrtment.
 

Adopt Improved Indigenous Equipment to Hake Better Use of ExistJnt Hand Power
 

1. If the adoption of improved tools coincides with adoption of improved
 

cultivation practices and production inputs such as 
seed, fungicides, innocu

lants, fertilizers and pesticides, a major advance can be made.
 

2. Improved hand equipment must be made available and its use must be
 

skillfully encouraged and directed.
 

3. Hodel farmers can be chosen to demonstrate rcommended practices,
 

tools and techniques to neighbors and friends.
 

4. Farmers should be encouraged to take ,art in adult training programs
 

on how to select, make and maintain impro~ed tools; users must learn how to
 

handle tools and make adjustments; furthermare, they must develop constructive
 

work habits.
 

mproved Tools and Increased
 

Power to Expand Operations andto Perform Tasks Impossible by Hand
 
Hire Development and Productive Services Usini 


1. Where ox teams can be hired, animal power can do pre-harvest work,
 

help out in time of peak labor demand, or permit cultivation of available
 

land which cannot be worked by hand.
 

can
 

be utilized to make capital improvements, or to perform primary tillage or
 

difficult operations.
 

2. Where a tractor-hire service is available and dependable, it 


3. Hiring rather than ownership is desirable, initially, to keep avail

able cash for working capital.
 

4. Use may be made of short- and medium-term credit to advance the
 

level of technical input while the capacity for repayment can be improved
 

by crop insurance, price stabilizatiun and market development.
 

Encourase Farmers to Purchase Improved Hand Tools and Hire Development Services
 

to Overcome Labor and Mansaement Bottlenecks to Increase Production Efficiency
 

1. Intensification of labor and land is reached by owning simple, basic
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labor-saving and rroduction-increasing 
tools such as weeders, sprayers,
 

threshers, decorricators.
 

2. When marketing opportunities and financial resources permit additional
 

production, services and tools can 
be hired to supplement the farmer's own
 
system for: periodic deep plowing 
to turn under a heavy crop residue or green
 

manure cover crop, or to control weeds; occasional plowing and harrowing
 

to prepare land in time for optimum planting dates; a one-time investment in
 

contour levees to improve field layout, water control and soil cnnservation;
 

a stationary-powered thresher.
 

3. 
The hand farmer should make further improvements when markets, capital
 
accumulation, credit service, land availability and training make it possible.
 
Then he can invest in higher-capacity power tools, such as a pair of oxen
 

and animal-drawn equipment 
or a small tractor and attachments, in addition to
 

other non-mechanical production inputs.
 

Assist Farmers to Purchase Improved Animal-powered or Engine-powered Tools at
 
the Prope.r Stage of Development to Intensify Farm Operations, 
to Expand

Operations, to Perform Contract Work for Others, 
to Make Major Farm Improve
ments, or to Join inGroup Development
 

1. 
The degree of succr3s in utilizing improved tools will depend heavily
 
upon the availability of trained and experienced people to 
advise, direct,
 

service and maintain recommended tools and implements.
 

2. The government and private enterprise should encourage the develop

ment of proper facilities and staff to service and supply improved tools,
 

machines and power units.
 

3. The national and local extension and soil conservation services
 
should help farmers to develop full land use and a water control aystem based
 
on a survey of the 
complete water shed to determine how water can be stored
 

and distributed, how surface run-off can be controlled, how drainage can be
 
improved and how irrigati-n can be developed.
 

Improve Performance of Productive Farm Operations to 
Increase the Efficiency
 
of the Total Farming System
 

Productive farm operations can be improved when the market is adequate
 

by:
 

I. Using more power and bigger tools to speed up work for more timely
 

operations;
 

2. Intensifying labor and management inputs on Individual holdings;
 

3. Maximizing the use of basic agricultural resources with increased
 

power and improved tools;
 

4. 
Reducing labor input if wages rise by maintaining a high standard
 

of tool operation ind maintenance;
 

5. Hiring increased power and improved tools when they 
are needed and
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supplement indigenous or farmer-owned tools and labor;
available to 


6. Selecting those tools which bring the largest return and 
have mul

tiple use;
 
to obtain the maximum
 

7. 	Timing the application of productive tools 


reduce unit costs
 
benefit from increased inputs, to 	lower overall costs and to 


of production;
 

tools for efficient operation;
8. 	Mastering field adjustments of 


keep idleness and down-time to a mini9. Properly maintaining tools to 


increase field efficiency;
 

Selecting and using tools which give the greatest 
production control
 

mum, and to 


10. 


investment and operational cost.
with low 


with Limited Cash Resources by Selected Governm-ent 
Programs


Assist Farmers 


a
a farmer is extremely limited he is at 
1. Where purchasing power of 


great disadvantage if he must pay transportation 
charges, government excise
 

taxes or duty and carry his depreciation costs.
 

to bring the development and production
2. 	A different approach is needed 


Govern
tools basic to advanced technology within reach of ind'vidual 

farmers. 


financial
 
ments, therefore, should consider the -dvantages of sharing 

the 


burden of the small farmer with a supervised credit program; 
providing essen

tial technical and practical direction through a capable 
and adequately sup

a good farm-to
ported agricultural research and extension program; providing 

support an incentive-producingmarket road network and communication system to 


the
 
marketing program; and allowing improved agricultural equipment to enter 


country free of duty and import taxes.
 

Remedy Excessive Land Fragmentation through Social and 
Educational Action
 

Governments should:
 

Encourage the establishment of small local business and shops to
 

industry and reduce land pressure;
 
1. 


create alternative jobs in 


Assist in legally expediting land rationalization and 
consolidation


2. 


through education and due process of law;
 

Help establish production cooperatives and encourage joint 
enterprise


3. 


combinations to foster cooperation among farmers;
 

4. Teach agriculture in the secondary schools to help develop a more
 

professional image of scientific agriculture.
 

Improve Prohlem Land Presently Unfit for Ariculture
 

Where new land suitable for expanding current production methods 
is
 

into
 
not available, marginal lands can 	be improved and gradually brought 
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useful production by joint effort of farmers and government services. 3
 

1) First Stage
 

Using simple local tools the farmer can clear land of brush and trees on
 
rough, swampy or sloping land; establish improved pastures for livestock;
 
fence herds out of cultivated lands; construct silage pits to provide dry

4
 
season feed for livestock.
 

2) Second Stage
 

Using larger and more expensive earth-moving machinery, the farmer is
 
assisted by specialized contractors to provide underground drainage to elimi

nate wet spots; develop irrigation facilities for specific crop production:
 
contour and ditch to control surface drainage from seasonal rains; construct
 
farm ponds or reservoirs for water supply; and construct bench- or broad

5
 
base terraces.
 

A list of factors which favor the continuance of hand-powered agriculture
 
is included in this chapter in the section following the discussion of the
 

three farming systems.
 

Animal-powerud Systems
 

Introducing, Improving and Expanding Animal-powered Agriculture
 

Few officials of governments realize the tremendous effort, organization,
 
and human resources that are needed, along with physical facilities and in

puts for any intensive program aimed at accelerating the development of the
 
agricultural sector of their economies. 
 As lapgood and his colleagues state,
 

The need for adaptive research and experimentation out
side the biological field is not yet well understood by those
 
responsible for agricultural programs in the underdeveloped
 
countries 
. . . They should conduct pilot schemes and test
 
the adaptability of ideas elsewhere for their own comrlex of
 
local conditions . . . Viable solutions for a particular region
 
can be found only by adaptive experiments in that region with
 
careful evaluation to test the results. An important dilemma
 
Is . . . a great many things need to be done to make modern 
agriculture work . . .
 and while many of these things require,

for their successful performance, administrative and organi
zational attention from all levels of government, the human
 
resources available to perform all these functions are
 

3While relatively slow and ineffective, hand and animal tools can be

made of local materials which are inexpensive and simple; advanced tools are
 
expensive and generally more economically run by government services or
 
contractors.
 

4
Cochrane, op. Ci.., 
pp. 54 and 35 (adapted).

5

Ibid.
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exceedingly limited, and i too much is attempted at once,
 
nothing will be done well.

0
 

. . . Productivity will, as a rule, increase more rapidly
 

if resources are concentrated on limited regions and . . .
 

possibly on limited nubers of people . . . Frequently
 
those most likely successfully to adopt a package of
 

inputs and practices yielding much higher returns will
 

be those who have had some experience of success in the
 

past and more than average resources to risk on 'future'
 
. . 7
innovations 


In developing countries, agriculture is confronted with the urgency to
 

create, from the farmer to the Minister of Agriculture, an attitude of experi

mentation, testing and trial, continued innovation and adaptation of new 

ideas. Both hutan and physical inputs are needed. The optimwn package i6 

one that mahke maximum uae o6 on 6ite avaiabte Auouce and pptovideh the 

but comptomiAe be.&een potentia ;uut. and the tii.ezihood o hucce4u 

pumotion: and e6ective adoption o6 impmoved puzctica and itput6. 

Improved tools and Increased power give the farmer greater control over
 

his production environment and make possible new forms of cultivation. Re

search must find profitable and acceptable alternatives to traditional prac

tices. As Hapgood emphasizes, "sustaiiied gtowth in agriculture depends on
 

* . . a broad-based research and educational system . . . responsive to the 
8
 

needs of rural 
society."
 

Senegal as an Example of Agricultural Intensification
 

An example of a program to accelerate and intensify agricultural produc

tion by introducing a package of inputs, including improved animal power and
 

9 

implements, is described by Bour for Senegal. Recognizing the great effort
 

involved, the need for adaptive research, the importance of an able extension
 

service and the long-tem nature of agricultural change, Senegal set up a
 

Pystematic, carefully integrated and supported program. Bour states that,
 

6D. Hapgood (ed.), Potici. o Pwomoting AgPcuttu.a Vevetopen. , 

Repoa4t o a Condte.nece on P~oductivity and Innovation in Ag ticuttuAe in 
the UndeAdeve.oped Cowttaiu (Cambridge: Center for International 
Studies, Massachusetts Institute of Technology, January, 1965), p. 23.
 

7Ibid., p. 26.
 

8
 
Ibid., 
p. 98.
 

9F. Bour, Velintion o Inten ve AgAcuCtmatU Exptotation (Abidjan, 
Ivor) Coast: Conference on Agricultural Research Priorities foi Ec',mic 
Development in Africa, Inatitut de Recherches Agronomiques Tropic0 . April, 

1968), p. 6. 
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Research must also keep in mind psychological factors
 
in order to pick solutions that have a chance of beingapplied. It i abotut.e J necea6aJ that a 6qytem 604 poruatmizig the AesutL6 be 64wdied atong wit ojid pautet Cothe ietea ch ejide4Vot 60 ,iaot te leteatc/ can atimtegj


read to the tman66opmo..on 06 the woA"~n
10 habit6i o6 6awtmeu~ an e.nfr4e a4ea. 

Production of Millet and Groundnuts In Senegal
 

A scheme of progressive improvement was planned 
to change gradually the
 
traditional agriculture into 
a market-oriented system. 
Different levels of
 
progress were defined which could be reached by most farmers without 
costly
 
investments or effort out of proportion to 
the increased return. 
On a geo
graphic area of about 
four million hectares, the situation In Senegal in 1963
 
was as follows:
 

Average 
farm size under cultivation: 
 3 to 4 hectares;
 

Average groundnut yield: 
 910 kg. per hectare;
 

Average millet yield: 
 460 kg. per hectare;
 

Fertilizer consumption: little for groundnuts., none for millet;
 

Animal traction: 
 used on 50 percent of groundnut farms, not at all
 
millet farms.
 

Agricultural Research Program and Results
 

At this time, the government of Senegal decided to 
intensify the pro
duction of groundnuts and millet. 
 Agronomic research instigated several
 
years before had already: 
defined varieties with high productivity, adapted
 
to 
the different zones of the region and the varying rainfall; perfected
 
cultivation techniques and practices such as 
time of seeding, optimum spacing,
 
density; defined fertilization formulae for small 
farmers; and determined
 

the importance of machinery upkeep and costs of production.
 

Implementation Program for Ox Farming
 

The government planned the program in 
two stages. The first stage was
 
to populrcize these schemes systematically so 
they would be applied within
 
four years (1963-1967) by 70 percent of the farmers on 
these four million
 
hectares. 
The second stage was to upgrade each farm program by making 
livestock a permanent part of the farmer's program. 

An organization which specializes In promoting agricultural development
 
(SATEC) was commissioned to work with the research institutions and organize
 
the popularization. 
Four years later men, materials, time and effort had
 
created the needed staff shown in Table V. 1 and achieved the results in
 

Table V. 2.
 

101bid., 
p. 1. (Italics added.)
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TABLE V. I 	STAFF REQUIRED TO IMPLEMENT AGRICULTURAL PRODUCTION PROGRAM: 
SENEGAL_
 

Campaign 
Personnel 1966 1967
 

Senegalese popularizers 675 695
 

Technicians: Senegalese 16 24
 

European 41 35
 

Engineers: Senegalese 1 1
 

European 15 15
 

Total: Implementation staff 748 770
 

aSour, op. Ci., p. 4.
 

TABLE V. 2 	RESULTS OF CAMPAIGN TO INTRODUCE IMPROVED PRACTICES, IMPLEMENTS 
AND ANIMAL POWER FOR GROUNDNUT AND MILLET PRODUCTION: SENEGAL 

s

1963-1967


1963 1966 1967 

luproved Tool Nwber Utiliza- Number Utiliza- Ntber Utiliza

or Practice of tion by of tion by of tion by 
Units Farmers Units Farmers Units Farmers 

percent percent percent 
Sowing Machined 65,000 50 108,000 80 124,000 95 

Hoes 20,000 15 53,000 33 80,350 55 

Plows 2,400 1.5 6,100 7 14,800 17 

Fertilizer kg. kg. kg. 

Groundnuts 18,700 16 35,200 29 44,250 37 

Millet 2,300 2.5 10,560 8 11,116 10.4 

aBour, op. cit.. p. 4. 

Bour says, "barring a climatic catastrophe, an increase of 25 percent
 

on the average of the productivity of fields planted in peanuts [groundnuts)
 

should be achieved by the end of this year (1968].11
 

Follow-up Program in Established Agriculture
 

The Senegalese government's second phase, with technical goals of inten

sifying and "sedentarizing" agriculture and creating an association between
 

agriculture and livestock breeding, is now being developed In three stages.
 

A series of agronomic research projects initiated by Institut de Recherches
 

Agronomiques Tropicales (IRAT) in the e6,iy 1950's on cultivation techniques,
 

11Ibid., 
p. 5.
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fertilization and implerients had found that bovine traction was necessary 

for getting the fertilizer deep into the soil until motorization was possible. 

IRAT devised equipment to be used, determined the work time involved and
 

taught farmers how to care for the animals. They also emphasized feeding
 

natural fodder, planting fallow fields with forage crops and using the Ly

products of harvest.
 

Silvestre said, "results showed that with such a cultivation system,
 

peanut [groundnut] yields could reach 2,000 kg. per hectare and cereal yields
 

could be brought up to 1,500 kg. per hectare; and that it is possible in this
 

manner not only to feed the work animals but also to feed a small herd for
 

profit." 12 The extra meat or work animals raised on tt.esurplus feed could
 

be sold to supplement income.
 

Extension workers and popularizers find it difficult *o teach all im

proved methods si:ultaneously. But from research they learned that progress
 

factors are most successful when taught together and concentrated on farmers
 

who already have applied simple improvements and are receptive to good prac

tices.
 

The first stage utilized oxen for traction and wagons for transportation.
 

It also introduced the use of oxen for plowing and harvesting and other ani

mals 	for planting and weeding.
 

The second stage established a statiorary agriculture by annually apply

ing fertilizer deep into the soil of last yeAr's fallow land with the help of
 

bovine power. Improved animal care was also emphasized in this stage.
 

The third stage is the complete integration of animals and crop produc

tion. Farmers are taught the rational use of crop rotations, improved fer

tilization, selection and care of high-yield varieties, production of tem

porary pasture and planting of annual field crops.
 

In conclusion, Silvestru states:
 

Results obtained . . . on the production level and the
 
work time for various seasons and different crops on the basis
 
of improved agricultural tools, supplies, etc., have made it
 

possible to define for a typical family the maximum exploita
tion size possible, with optim.. use of manpower, optimu pro
fit, and optimuma use of agricultural equipment.
 

The minimum area to be exploited can be determined as a
 

function of the profitability of a team of oxen and agricul
tural equipment.13
 

12p. 	Silvestre. The PA,Lto be Ptyjed by AgAonomrc.t Re.6eaAJd in ,Vie 

PeAdecting od an Intemive Aqgtcutmat Exptoi tion Sy~eie 6o& Senegal, 
(Abidjan, Ivory Coast: Conference on Agricultural Research Priorities for 
Economic Development in Africa, April, 1968). 

13 Ibid., p. 4.
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Ghana Proposal for Ox-training Centers
 

The agricultural officern in northern Ghana are acutely aware of the
 

farmers' needs for more oxen and for training. Table V. 3 suarizes a pro

posal for setting up an ox-training center, including operating coats for one
 

calendar year. Three such centers are being proposed for 1969.
 

A list of factors which favor the transition from hand tools to animal
 

tools is included in this chapter in the section following the discussion of
 

the three farming systeus.
 

Enaine-powered Systems
 

Ivory Coast Motoragri Operation: An Exarple of Implementation of a 
Government-sponsored, Engine-powered, Large-scale Mechanization Scheme 

General and Historical Backaround
 

An account of the general and historical background of Motoragri is given 

in Chapter II in the section concerning Large Scale Ent .prises. The follow
14

ing recommendations were drawn up by the initial Israeli study committee
 

as steps in the plan of operation:
 

1. Crente a government agency to take charge of natural resources and
 

development of agriculture.
 

2. Establish during the first stage, two regional stations and oriecen

tral depot with workshops.
 

3. Establish a training center for local people to staff the organiza

tion.
 

4. Execute selected works and establish priorities for operation.
 

Main work projects were outlined: clearing of bush and forests, construct

ing scall dams, building feeder roads and providing a tractor-hire service to
 

do contract plowing and disking for farmers without tools. All clearing on
 

farms less than 5 hectares and dam and road construction costs were to be paid
 

by the government. Cets of work done by the tractor-hire service would be
 

met by the farmers. The organization has expatriate management which is Pched

uled to be phased out. (Table 11. 47.)
 

14As in most other development programs, there was a difference of 
opinion as to how a government should accelerate agricultural development. 
Many agriculturpl officials agreed with Professor Renl Dufont of the National 
Agronomic Institute of farts that onty aeA the farmer has learned to till, 
weed and platit by hand, to use insecticides and fungicides, should he turn 
to animal-drawn cultivation and chemical fertilizers; and finally, only 
when high returns have been obtained with animal power and man power is
 

scarce, should agriculture be motoried.
 
In general, the former colonial authorx,1es discoursged the use of 

tractors. They believed that soils were too shallow for mechanical culti
vation, that erosion would be severe and the fertility of soils would be 
r&:Idly depleted. They were convinced that farmers have to go through a
 
grddual step-by-step learning process from hand to animal power before they
 

can turn to mechanization in the modern concept.
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TABLE V. 3 ESTIMATES FOR ESTABLISHING ONE TRAINING CENTER FOR OXEN: GHANAa 
1. 	Buildinheb 
 dollars
 

Repairs to existing buildings 100.00
 
Watering and feeding troughs 50.00 150.00
 

2. 	Oxen
 
Four oxen @ $100.00 each 400.00
 

3. 	Equipment
 
Rings for nostrils 16 @ 0.40 6.40
 
Ropes 50 @ 0.04 2.00
 
Yokes (two 213 cm.
 
and two 162 cm.) 4 @ 4.00 16.00
 
Weights 2 @ 2.00 4.00
 
Dumpy level 1 @ 100.00 100.00 
Hand level 10 @ 2.00 20.00 
Sprayer 1 @ 6.00 6.00 
Duster 1 @ 3.00 	 3.00 157.40 

4. 	Toole
 
Spare plow shares 2 @ 3.00 6.00
 
Manure fork 1 @ 3.00 3.00
 
Oxen care 1 @ 40.00 40.00
 
Five-tine culti
vator 1 @ 40.00 40.00
 
Wheelbarrow 1 @ 30.00 30.00
 
Cutlass 2 @ 0.50 1.00
 
Hoes, local 5 @ 0.40 2.00
 
Rake I @ 1.00 1.00
 
Pick axe 1 @ 2.00 2.00
 
Spade I @ 2.00 2.00
 
Shovel 1 @ 2.00 2.00
 
Buckets 2 @ 1.50 
 3.00 132.00
 

5. 	Chemicals
 
Fertilizer, assorted 1364 kg. 6 0.088 120.00
 
Seed dressing:
 
Dialdrex A 0.91 kg. 4.00 4.00
 
Dialdtex B 0.91 kg. 1.50 1.50
 
Insecticides:
 
Arkotine 19 liters 0.53 10.00
 
G,,malin A 1 pkg. 13.00 13.00 148.50
 

6. 	Lubricants
 
Grease 2.3 kg. @ 4.40 10.12
 
Oil 3.85 1. @ 2.80 2.80 12.92
 

7. 	 Feeds 
Supplementary 	feed:
 
Concentrates one/day/ox @ 0.10 146.00
 
Salt licks one/week/ox @ 0.54 108.00 254.00
 

8. 	 Seeds
 
Groundnuts, 1.21 ha. 55 kg. 12.00
 
Guinea corn, 1.21 ha. 27 kg. 3.00
 
Early millet or maize, 1.21 ha. 7.0 kg. .60
 
Late millet, 1.21 ha. 7.0 kg. .60
 
Cassava, 0.81 ha. 10,000 cuttings @
 

G.10/100 cuttings 10.00
 
Seeds, assorted, 0.4 ha. 1.00 27.20
 

Total Estimated Cost 
 1282.02
 

aPrepared by N. Yenli, Regional Agricultural Officer, Tamale, Ghana, 1968.
 

bBaed on use of existing buildings suitable for a training with minimum 

repair.
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Organization and Plan of Operation
 

Motoragri operations are divided into seven regions. The headquarters
 

are located in Abidjan because of proximity to the Ministry of Agriculture and
 

otl;.r government agencies having authority to make decisions and maintain
 

close working relationships. Spare parts also are more readily available in
 

Abidjan with machinery dealers concentrated there.
 

1) Board of Directors
 

Every government ministry, private enterprise, and parliament is repre

sented on the Board of Directors of Motoragri. All final decisions must be
 

approved by the Ministry of Agriculture. The Board of Directors delegates all
 

managerial power to the Director General of Motoragri who has operational,
 

technical and financial control.
 

2) Basic Organization
 

Motoragri is organized with three departments and three sub-departments:
 

a) Department of Works Plans and executes the work program and
 

supervises all construction projects. It is responsible for work being on
 

schedule, within estimated costs, and up to performance standards and speci

fications.
 

b) Tectnical Department Prescribes work standards, specifies and
 

purchases all engineering and technical materials and is in charge of repair

ing, servicing and maintaining equipment.
 

c) Financial Department Keeps records of all inputs in work pro

jects, all recurring expenses and charges these to each work project on a
 

proportionate basis along with the calculated investment.
 

d) Engineering Sub-department Standard plans are used if possible
 

and modified if necessary. Original designs are made on the basis of surveys
 

and studiea. Work estimates are prepared to establish the bases for costs
 

and proper financial accounting.
 

e) Trainin and Manpower Sub-department Courses for schools and 

special training programs are prepared and conducted besides giving advice on 

promotion, retraining, retention and discharge of manpower recruited. 

f) Suplv and Transport Sub-department Moves heavy tractors,
 

buys supplies, parts and fuel, and delivers them to field units.
 

Selectior and Training of Staff. Incentives and Work Efficiency
 

1) Recruitment
 

To obtain qualified applicants, Hotoragri screened 4,000 applicants over 

two years and now have about 750 trained Ivoirians working on various projects. 
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Each prospective employee is given a series of written and practical tests.
 

For a mechanic Motoragri also requires a Certificat d'Aptitude Professionale.
 

Site chiefs need a high school diploma or equivalent education.
 

2) Employee Training
 

All new employees must go through a rigorous training program off and on
 

the job. The chief cf each region makes reports on the progress and aptitude
 

of the trainee and submits periodical reports to the Director of Training.
 

The director helps decide whether the man is satisfactory without further
 

training, needs more training, or is untrainable and should be discharged.
 

Hotoragri selects 60 to 70 percent of tested applicants for training.
 

They start with classes of 20 to 30 students, about 12 to 18 students finish.
 

To train mechanics, for example, the course is 6 months long and covers 940
 

hours with emphasis on practical work. Initial training is followed by work
 

experience on the job.
 

3) Trainee Evaluation
 

Advanced training is given to staff and employees selected for upgrading
 

after 6 to 12 months of experience. Each man is rated from I to 20 on five
 

factors. He can be promoted if he receives three or more recommendations,
 

or be discharged after three warnings of unRatisfactory work. Ratings are
 

given by supervisors for performance, technical ability, efficiency, conduct
 

and cooperation.
 

4) Farmer Training Schools
 

Because many farmers have purchased tractors but do not know how to
 

properly use and maintain them, all farmers by village or area will be invited
 

to a Motoragri School. Courses will also be given to train village artisans
 

and blackimiths as mechanics. Hotoragri plans to offer the first schools in
 

1969 during off-season work periods.
 

5) Incentives and Work Efficiency
 

Motoragri plans to use tractors productively 1,500 hours each year. 

This averages approximately 7 hours per day and 21 1/2 days per month for 10 
months. To attain this degree of efficiency, Motoragri has found that special
 

training and Incentives are needed. Field supervisors make out reports and
 

identify employees with outstanding abilities. Drivers are rated every 3
 

months and the results used to determine awards and promotions.
 

An operator's salary starts at $61.25 per 200 hour month with the aver

age employee receiving $86.00. Drivers can work in the field a full 8 hours
 

and get paid for one extra hour of equipment maintenance. A working tractor
 

hour-m ter must show the extra time spent in the field. The operator informs
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his supervisor immediately if the tractor hour-seter Is not working since he
 

receives pay only for hours recorded.
 

Selection and Maintenance of Equipment
 

The K toragri staff states that all large crawlers should have power
 

shifts and be standardized on one manufacturer. If Motoragri had standard-


Ized, stocks of spare parts would be less, with lover Investment; mechanics
 

could also specialize on one make, becoming more skilled in repairs and service.
 

Motoragri pays 10-15 percent duty on parts and materials imported into
 

Ivory Coast. Recently 100 new tractors were ordered with spare parts and low

boy tractor trailers for transport. Most needed sizes are large crawlers for
 

forest clearing. At present they cannot effectively utilize the smaller D-4's,
 

TD-9's and TD-15's for light clearing and agricultural tillage because there
 

are insufficient large crawlers for heavy clearing. The 45 to 59 hp. tractors
 

were found too smell and Motoragri prefers the 60 to 70 hp. models for general
 

farm work. They want a few large 100 hp. wheel-doters to replace some 60 hp.
 

crawlers, because this tractor needs less msintenance then tracks, and has
 

greater versatility and speed.
 

Un. r tropical conditions, severe rust. mud and fine dust aggravate main

tenance proble.s. Maintenance for Motoragri tractors and sachinery is pre

scheduled on a priority basis. Every 3,000 hours each tractor Is returned to
 

the central workshop at Abidjan where it Is conpletely torn down, serviced and
 

repaired. Careful weekly checks arc given every tractor by the Israeli super

visor and Ivoirian mechanics ore assigned to each jo, site for msintenance
 

work.
 

Contract Hire Cherjes and Cost AccountinR
 

Motortgri accounts for all the direct and indirect expenses attributable
 

to esch tractor. Separate cost accounts are kept on every tractor for fuel
 

(gas, oil, lubricants); spate parts (first year: 1-5 percent total tractor
 

value; second year: 8 percent, third: 12 percent, fourth: 18 percent, fifth:
 

18 percent); repair work; depreciation (straight line 20 percent of value; the
 

life of the tractor is based on five years or 7,500 working hours, whichever
 

Is short-r); wages for operators, mechanics and supervisors (Ivoirians); fees
 

for expatriates (Israelis); vehicle operation; radio charges; buildings and
 

construction; and miscellaneous. The direct expenses are accountable on the
 

basis of actual operations; the indirect expenses are determined in an hourly
 

basis for the total annual expenditure and are weighted according to the horse

power of the tractor.
 

1) Estimating Job Charges versus Actual Costs
 

IMtorsgri began contract work in Kay, 1966. To allow time for an actual
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study of operational costs, the Ministry of Agriculture met all expenditures
 

through December, 1966. Contract charges were set on the basis of this eight

month study. After working two and a half years, Motoragri established a firm
 

schedule of charges (Table V. 4) for every operation on which contracts are
 

negotiated, based on the number of hours recorded on the tractor hour-meter.
 

Monthly estimates of expenditures are made according to projected hours to
 

accomplish contract work. Estimates for 1967 were 1 percent different from the
 

actual costs and 1968 estimates were expected to be even closer.
 

When the Director of Works receives the end-of-job notice, the quantity
 

of work recorded Is totaled, an account of the total costs is prepared and
 

submitted to the client.
 

2) Operating Budget
 

To date, 50 percent of the budget has been guaranteed by the Ministry of
 

Agriculture for work ordered by the Government as part of the contractual
 

arrangement. This work is vouched for every three months by the Regional Direc

tor of Agriculture. The remaining 50 percent of work is obtained by otoragri. 

subject to approval by the Ministry of Agriculture, mainly from private land 

holders, and large public and private companies. 

Some work also is done for small farmers but those with less than five 

hectares each must form contiguous groups of at least twenty farms so thbt a
 

minimum of 100 ttctares of work may be performed in one area. Some work has
 

Leen undertaken on as little as 60 hectares, depending on the distance and
 

difficulty in transporting the crawler tractors.
 

The 1968/69 operation is about $4 million. The government Agricultural
 

Bank makes some credit available for a limited number of jobs where several
 

years may elapse before cropping can produce sufficient income for repayment.
 

otoragri has no difficulty in obtaining work, but problems arise over finan

cial arrangements to prevent default or hasten slow payments. Motoragri is not
 

empowered ab a credit agency and, therefore, is unable to accept contracts
 

without satisfactory financial arrangements.
 

Narosurra Farm Mechanization Training Scheme: an Example of Training Kenya
 
Farmers to Become Skilled Tractor Operators and Better Farm Managers
 

This school for training young African farmers and farm managers in tech

niques of efficient and economical agricultural production is an excellent
 

example of inspired, dedicated cooperative education. Men who come to this
 

center for practical and thoughtful training are eager to learn and are en

thusiastically encouraged by the largely volunteer staff.
 

Trainees learn to make decisions, account for costs, manage diverse opera

tions, but primarily to handle, maintain- and utilize modern tools and machines
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DAN AND ROADTABLE V. 4 APPROXIMATE CHARGES MADE FOR CLEARING, TILLAGE, 
CONSTRUCTION: MOTORACRI 1968-1969 

learin& (Felling, windrowing and piling) Cost
 

dollars/hectare
 

Heavy forest 448. to 653.
 

Medium forest 
 286. to 448.
 

Light forest 184. to 286.
 

Savannah 
 143. to 184.
 

Sub-soiling (to remove roots) 49. to 82.
 

Agricultural tillage
 

Plowing 16.30 to 24.50
 

Pulverizing 16.30 to 28.55
 

Disking 
 16.30 to 24.50
 

Cultivation or plsnting 7.34 to 9.78
 

Mowing (rotary) 6.53 to 8.98
 

Spraying 
 3.26
 

Roads 

(7-meter road surface plus 3-meter ditch) doll

Cost 

ars/kilometer 

Heavy forest 

Medium forest 

571. to 

490. to 

735. 

571. 

Light forest 326. to 490. 

Savannah 204. to 326. 

Ballastine and earth movinR (dams and roads) Cost
 
dollars/cubic meter
 

Distance of transport less than 100 meters 0.61 to 1.02
 

Distance of transport, 100-500 meters 1.02 to 2.04
 

Distance of transport, 500.m. to 5 km. 2.04 to 2.65
 

in agricultural production operations. The three-month course is intensive and
 

involves long hours In the classroom as well as field and laboratory work. For
 

experience, students do contract work for farme in the neighborhood. The
 

average day in the six-day week starts at 7 s.m. and ends at 9:30 p.m.
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Course Content
 

Student subjects and hours devoted to each in the 12-weeks' curriculum are
 

shown in Table V. 5.
 

TABLE V. 5 	 TWELVE-WEEK WORK AND STUDY PROGRAM AT THE NAROSURRA FAIRM
 
MECHANIZATION TRAINING SCiEME: KENYA 1969
 

- - ---- Hours---------

Course 	 Weekly Course Total
 

Tractor maintenance 7 	 84
 
Mechanical subjects 29 1/2 	 330
 

Accountancy 	 3 36
 

Crop husbandry 	 1 1/2 18
 

Animal husbandry 	 1 1/2 18
 

Tests and final examinations 1 1/2 	 42
 

Films, debates, t.lks, etc. 7 	 84
 

Total hours 5 	 612
 

1) Tractor Driving
 

Each student receives three hours of instruction on tractor operations per
 

week, culminating in the use of different types of implements with the tractor.
 

2) Mechanical Cultivation
 

Students are taught how to adjust common Implements and given instruction
 

on the capabilities of machines for plowing, cultivating, planting and harvest

ing.
 

3) Machinery Maintenance
 

Students learn basic principles about diesel and gasoline tractors; safety
 

measures and handling; and daily, weekly, monthly, and annual maintenance ser

vices. 
 They also learn how to make simple repairs on tractors and implements;
 

and to make nuts and bolts.
 

4) Welding
 

Students learn simple gas welding, including sawing, cutting, welding of
 

plates and rowid bars, and safety precautions.
 

5) Accountancy
 

Students learn how to read invoices, statements, receipts and bank state

ments; to keep and balance a cash book and bank book; to make allocations; and
 

to do tractor and Implement coatings.
 

6) Crop Husbandry
 

Studentb are taught fundamental facts about the soil, plant foods, soil and
 

water conservation, fertilizing, seeding, rotations, silage production and hay
 

making.
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Training Concept
 

in Kenya and elsewhere (including
With increasing Africanization of farms 


all over East Africa to commercial farming), there
 
the opening of vast ncw nreas 

is a great need to provide sound training in moderu farmltn methods. Most new 

farm owners lack personal facilities or opportunities to learn th:e 
African 


from urban areas with a basic knowledge
 new methods. Many new owners have coce 


farming is easy and profitof agriculture, dnd with the erroneous belief that 


a result, many Africans have started farming with great expectations
able. As 


and ended deeply disappointed. Potentially profitable farms have lost money
 

When new lands brought under
 as problems multioled and production dropped. 


to measure up to optimistic forecasts, the economy stumbles.
 

In 1963, in
 
cultivation fail 


The concept behind the Narosurra Training Scheme is unique. 


northwest Kenya near Sabatia, there were 18 successful 
large-scale European

owned farms. In 1964, the government of Kenya, as part of the "Million Acre
 

one after another until only Mr. and Mrs.
 Settlement Scheme", bought out 


Michael Low remained. The large 
farms were divided into about 650 smaller
 

to 20 hectares each, but with some of 40 hecfarms for Africans, averaging 12 


the Africans had to
 tares. With little equipment and few animals, most of 


for farming.
100 percent of their finances to obtain basic inputs
borrow up to 

But
 

Consequently, new farmers lacked adequate capital, tools and crop needs. 


att theyj tackzed adequate~ t~aiptng and expmen~fce 6o 6miYUJ1.moast o6 
They copied and they made mistakes; their
 

The Africans began to farm. 


land began to run down and they finally went to Mike Low for advice and help.
 

Mike Low saw the problems and, with his wife's encouragement, 
conceived a plan
 

to train local farmers in the essential subjects of mechanized 
farming. 
His
 

was
 
plan was presented to the Ministry of Agriculture of Kenya, 

and while it 


was not officially financed or sanctioned Initially. 
Undaunted.
 

encouraged, it 


the Lows sought and obtained support from private sources, friends and churches,
 

as the Narosurra Mechanization Training Scheme
 and started their first class 


in 1966.
 

Budget and Student Costs
 

The proposed budget for the Narosurra school is $54,600 annually, amount

ing to $364 per student for three classes of 50 students each. To train one
 

student '-ith the present facilities, room and board, costs 
$140 per class,
 

Each student is asked to pay a
 
not including salaries for any of the staff. 


For those who cannot pay, Low has set up a scholarship
$70 enrollment fee. 


fund so that no deserving student has 
to be turned away 
if class space is ade

quate. The reputation of the school is excellent; for the fifth class there
 

were 130 applicants.
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Beginning in 1968 the Kenyan MOA partially supports the Narosurra Mechani
zation Training Scheme 15 


with a yearly grant of $5,800 toward the costs andsalaries of instructors who previously were unpaid. The MOA has agreed also
 
to support 60 students per year (20 students in each of three classes per year)

for the next four years. These students are to be selected from all 
over
 
Kenya. 
 After successful completion of 
the mechenization course at Narosurra,
 
they will be eligible for loans through the World Bank fund to buy 
tractors and
 
machinery.
 

Ouality of Training
 

Narosurra's objective is to 
train quickly and economically, African farmers
 
to operate their own fars and/or do contract work for others. 
 Indicative of
 
the quality of training given at Narosurra is the fact that the 1967 Kenya
 
National Plowing Championship was won by 
a man trained at Narosurra. He placed

second in the World Plowing Contest held 
in South Africa in 1967.
 

Some 130 men have passed through the scheme so 
far. A follow-up on some 
graduates in March 1968 Indicates the results:1 6
 

Mr. Kamau Mbabara has 
a small farm in the Cherangani hills of Kenya. 
 He

earned over $560.0O 
toward his tractor in the first three months of acquisition.

He had requests to plow over 200 hectares for his neighbors, and has been asked
 
to plow another 690 hectares. He is considering raising a loan for a second
 
tractor since only one other tractor is 
near him.
 

Mr. Jacob Kigen, who attended the 
second course, has 
formed together with 
30 other farnera, the HochomgoL Farmers' Group. The group has already paid 75
 
percent of the price of its new tractor and is planning .or a second cne. 
 He
 
says, "we aim 
to do high quality work. 
Because of this we are getting more
 
requests than we can 
fulfill."
 

Mr. Wilfrid Tonno and Mr. Solomon Chirchir both farm in the same district.
 
They are helping 
to plow 200 hectares for the Kablmoi Farmers' Cooperative

Society. They hope to 
pay for their tractor within four years. 
Mr. Tomno
 
said, "I realize that unless I can manage to plow 16 
to 20 hectares of land
 
each week in the plowing season, I will not be able to pay back my loan."
 

Mr. Harroson Njuguna, a graduate of the third course, does not own a farm

but does contract work for Kinangop !-:Aers. 
 It is a large area with few trac
tors. He writes: 
 "In January 1968 1 achieved my target of work to 
the value 
of $357. I hope to do even better in February with over 40 hectares to plow.
 

15The Narosurra Project also is assisted by generous donations from private individuals, the Danish Government, Oxfam. Freedom from Hunger, Christian
Council of Kenya, Catholic Relief Services, Farm Machinery Distributors and
 
others. 

thrs16p Repo, 

January, 1969, p. 12. 

Nao.u.a FaAm Mechanza.tion T4acin.n Schem, Received 
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To reduce travel expenses, I remain in the field until each area is completed.
 

I plan to visit Narosurra for a refresher course for a week or two during the
 

rains." Mr. Njuguna has offered to service machines of other tractor opera

tors 	in hilsneighborhood for a small fee.
 

A list of factors which favor Lransition from hand- and animal-powered to
 

engine-powered agriculture Is included in this chapter in the following section.
 

Factors Which Favor Different Levels
 
of Mechanization
 

At any given time with a specific set of conditions in a particular stage
 

of development there are many individual factors and combinations thereof which
 

affect the adoption of a level of mechanization and its continued use. Those
 

factors which tend to favor one form of power over another are listed below
 

without any implication of priority.
 

Factors Favoring Continuanre of
 
Hand-powered Agriculture
 

There are many factors influencing the continuance of hand-powered agri

culture:
 

I. Very small fragmented farms with scattered fields of odd shape.
 

2. Land only partially cleared and developed, with trees, roots and
 

stumps left in place to interfere with animal- or engine-powered tools.
 

3. A surplus of labor during the greater part of the crop production
 

year.
 

4. A high density of population to arable land which forces use of worn

out or marginal land. greater land fragmentation and subsistence-level farming.
 

S. Very low peA capWa income making the farmer self-reliant but unable 

to invest in new and income-increasing inputs.
 

6. Low technical ability of farmers and workers who tend not to be inno

vators nor to develop improved methods and tools.
 

7. Intensive production methods which use 2 to 8 mixtures of crops in
 

the same field, preventing use of labor-multiplying animal- and engine-powered
 

tools and techniques.
 

8. Great attachment to tradition due to isolation and the lack of edu

cational opportunities in rural areas.
 

9. Conservatism of rural people who have lived at s,,bsistence levels and
 

are over-cautious.
 

10. 	 Lack of effective demonstrations by mobil extension teams to convince
 

farmers of the benefits of improved farming practices. 

11. Existence of narrow paths and very limited farm roads that prohibit
 

entry and movement of wheeled machinery.
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12. High import prices and taxes on improved agricultural machinery and 

parts, making them more cortly for an African farmer than for an American or 

European farmer.
 

13. Shortage of spare parts due to high wear and breakage rates, poor
 

logistics support and inexperience in planning and maintenance.
 

14. Scarcity of farm machinery servicemen and mechanics because of school
 

enrollments, low pay, and emphasis on white-collar positions and social status.
 

15. Lack of training centers and facilities for training farmera, exten

sion workers, tractor operators, village blacksmiths and artisans.
 

16. Inadequate industrial demand for agricultural raw materials and a
 

lack of local industries to process or utilize agricultural products.
 

17. High cost of locally manufactured products which are often made of
 

inferior materials which wear out quickly.
 

18. Deficiency of suitable designs for machines and tools adapted to the
 

needs of the small farmer, low cost and suitable for local munufacture and re

pair.
 

19. High prices of petroleum fuel which make transporation costs hiah
 

and discourage the use of engine power for agricultural production.
 

20. Existence of government policies which put low market emphasis on
 

agricultural development and over-emphasis low food prices for urban workers.
 

Factors Favoring Transition from Hand Tools
 
to Animal Inplements
 

Many factors, both in single and multiple combinations, exist to favor
 

the transition from hand- to animal-powered implements in Equntorial Africa.
 

The combination(s) that tips the balance to bring about change is very complex
 

and varies between peoples, agricultural areas and countries. Without any
 

attempt to measure or weigh individual factors or combinations, some of the
 

most important are listed for consideration by policy makers, planners, admini

concerned with agricultural and national
strators, udvisors and others who are 


development and the problems of small farmers.
 

the amount of land
1. Availability of labor is a severe limitation on 


that can be prepared for planting. The maximum capacity of a hand farmer 
(4
 

to 6 hectares) is less thvinthe land area to be farmed.
 

2. Labor is a definite limitatio, in the amount of land that can be ef

fectively weeded during the wet seasons.
 

3. Rising costs of hired labor make its use restricted in relation to
 

low and unpredictable product returns.
 

4. Part of the traditional family labor is lost to required school at

tendance as educational standards and facilities improve.
 

5. Where new land is available, the pressing need for more food produc

tion emphasizea its development and requires additional power. Ox power is
 

2-443
 



especially suited to tropical areas of high elevation with temperate climates
 

and more than 76 to 100 cm. of rainfall per year.
 

6. Where additional land is not available, population pressure and food
 

demand force existing land to be more intensively cultivated with the aid of
 

animal power.
 

7. Improved livestock production methods, including disease control,
 
forage production, feed -itorage, and introduction of stronger and healthier
 

animals, favor the use of animal power.
 

8. Increased local availability of improved animal-drawn tools and imple
ments, either imported or locally made, makes farmers 
aware of better means.
 

Farmers seek improved, lightweight, simple, robust and inexpensive tools.
 
9. The establishment of training centers to train animals and farmers
 

introduces better harnesses and control methods along with better crop hus

bandry.
 

10. The introduction of improved cultivation practices such as 
row seeding,
 
inter-row weeding, pest and disease control methods, irrigation, manuring and
 
fertilizing encourages use of higher capacity labor multiplying animal tools.
 

11. The development of 
access roads to fields and markets encourages the
 

development of animal-drawn wheeled transport both for field work and for
 

transporting farm produce out and manufactured goods into rural 
areas.
 
12. 
 The incorporation of new activities in mixed hand- and animal-powered
 

agriculture encourages 
the adoption of improved practices and implements.
 
(Examples are: introducing and improving overall water control measures;
 

forming and shaping land to make better use of higher capacity tools; deeper
 
plowing to exploit new levels of fertility; and more thorough tillage to permit
 

burial of crop vegetatfon, green manure crops and fertilizers.)
 

13. The introduction of new crops with specific recomended practices
 
either requiring or directly benefiting from the application of increased ani
mal power and improved implements to increase environmental control or to per

mit expanded operations.
 

14. New land suitable for power methods becomes available to farmers in
 
larger blocks than can be famed effectively by hand (4 to 8 hectares) through
 
purchase or reassignment of government, church, traditional or private lands.
 

15. 
 A growing desire for change exists along with a willingness to try new 

ideas and inputs. The acceptance of one new, outstanding implement or tool 

paves the way for a host of further changes. LaBrousse points oit that the 
groundnut drill in Senegal, the turning plow in India, and the r.dging plow in 

7
Nigeria and Ghana sparked the advance of animal power in thost 
area. .
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17G. LaBrousae, fedza.zat.. on , Ag .cuttme S0A Upide- (eve ped TAwpicat
CowttAiu (paper presented at Africa Mechanization Advisory 'onference, MIchIj.an
State University, East lanainp, hichigan, July, 1967), p. 2?. 
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16. The evidence from successful animal-powered farmers or schemes within
 

20 to 40 km. of a hand-powered ares acts as a catalyst to stimulate interest,
 

to furnish a sour:e of work animals, and to provide an initial supply of im

proved tools.
 

17. Where oxen or bovine traction currently is not employed, available
 

donkeys can be drafted. Braun in Niger used donkeys without previous training 
as draft animals with good results in light soils and in 'ieavier scaI prepared
 

8
 
at the right moisture content.1
 

Factors Favoring Transition from Hand and
 
Animal Power to Engine-powered Agriculture
 

I. Present attainment of a basic mechanical ability by many farmers
 

permits them to quickly become qualified machinery operators. 

2. A strong desire exists among farmers for improved machinery and tools. 
3. Farmers have g-od knowledge of cultivation techniques and ability 
to
 

effectively utilize present resources but are constrained by power limitation.
 

4. The government is gtnerally sympathetic and well-grounded in the
 

fundamentals of mechanization at all leveis with established, proven programs
 

to assist the farmers.
 

5. Education, research and extension programs pro=ote and suprort mech

ani.ation at all levels with c istant movement to improve.
 
6. Competent agricultural techniciana are available at local levels to
 

assist the small farmer in improved farming practices.
 

7. Local level of supporting services for fuel and supplies are avail

aule.
 

8. Technical services for repair and maintenance are &vailable at local
 

level.
 

9. Feeder roads and transportation facilities from farm to market to
 

port are improved.
 

10. Industrial production of part of the spare parts and the creation
 

of more skilled jobs for trained workers are encouraged.
 

11. Machines for the small farms as well as 
for large units are developed.
 

12. Favorable prices of petroleum fuels encourage the use of -ngine 

power.
 

13. A labor shortage for tillage, transplanting, weeding and harvesting,
 

creates production bottlenecks and causes reduction in yields or crop losses.
 

14. A shortage of work animals because of insufficient numbers, disease,
 

improper training, insufficient size or strength, or the Increased market for
 

18H.J. Braun, NLgeA.: AgvcuU.muat SmaU TootA, Phoge6a Repo4. (Rome: 
*ood and Agricultural Organization of the United Nations. February, 1963),
 
p. 1.
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quality meat favors transition.
 

15. The poor condition of work animals at the end of the dry seson and
 

the beginning of land preparation favors transition.
 

16. Animal pover cannot expand timely operations with only Indigenous
 

implements, when animals are unable to break and seed sufficient land in the
 

limited time available after the first rains (in Africa, this Is a prime rea

son for introducing engine-powered equipment).
 

17. The development of large land areas of high agricultural potential 

with low labor population density, and scarcity or non-availability of animal 

power. 

18. The very rapid regrowth of tropical vegetation in areas of high 

seasonal rainfall, makes weed control Impossible by simple cutting, burning 

or hoeing with hand- or animal-powered tcols. 

19. A strong program of adaptive research to develop better tools and
 

methods for ipecific local conditions or to solve particular problems or
 

bottlenecks is needed.
 

20. The need for and versatility of engine power for stationary operation
 

of mills, threshers, irrigation pumps, as well as for field operations and
 

road transport Is noted.
 

21. The existence of sufficient demand to permit the full utilization of
 

machines or implements on the farmers' land or for contract work for others.
 

Single-purpose machines and expensive power units must be used as many hours
 

a day as possible throughout the year.
 

22. Favorable attitudes of farmers encourage cooperative ownership of
 

machiuery for harvesting and threshing when cost, areas, and timelinesn limits
 

prohibit individual ownership of machinery or the completion of each farmer's
 

work.
 

23. The introduction of new enterprises to employ labor saved and to
 

intensify farming by increasing production per land and labor unit is possible.
 

24. The intensification of agriculture from a one-crop system to a double

or triple-cropping system where timing, speed of work and superior management 

become critical. Under these conditions hand and animal power are unable to 

do all the work even on small areas.
 

25. The availability of low-cost, well-designed machines, including the
 

small tractor, offers appropriate power to achieve timeliness in operations
 

without sacrificing quality of work.
 

26. Distribution of improved tools at the farm market level soundly are 

supported by an effective network of servicing dealers. 
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Economic Appraisal
 

The major economic considerations in the establishment and improvement
 

of each system, have been discussed in Chapter IV. Such considerations must
 

be taken into account in introducing new technology in order to assess the
 

probability of success or failure, and the probable economic effects on local
 

and national economies.
 

Improved technology implies improved productivity and, in the right
 

economic framework, improved income to the producer. This is Important in
 

the utilization of more sophisticated levels of power since the higher costs
 

of greater productivity have to be met out of income. Thus, any approach 
to
 

improvements and mechanization of agricultural technology must take into con

sideration aiwiltaneously economic as well as the technical factors.
 

General Economic Framework
 

The agricultural systems which have been discussed are in dynamic equi

librium: over the long run the pattern of production will shift to accommo

date the pattern of consumption, although in the short run movements may be
 

quite violent due to sudden shifts in exogenous variables. Any change in a
 

system's technology to incorporate an increased application of mechanized
 

technology also will increase the level of production for the systtm, (or
 

conversely, the amount of leisure enjoyed by the labor force) and therefore,
 

shift the dynamic equilibrium of the system. Thus, theAe muat be adequate 

incetiveu i the £qaem to encomage a hihet reveL o6 p.toduction, and to 

adjuif the Ayaem to a new dqtnic.equitib/bAn. before any attempts are made 
to introduce new forms of mechanized technology. This will require the
 

development or exploitation of the export potential from the area under consid

eration (i.e. the marketing of surplus production in the national or inter

national markets).
 

The general economic framework for hand-powered agriculture does not
 

appear to be sufficiently well-developed to support the marketing of substan

tial surpluses. In the case of Agasle village, market infrastructure and any 
concept of a monetized economy are non-existent; the economy of the Zusrungu 
district would support a higher level of mechanization but at present there 

exist serious inhibiting factors such as adverse prejudices against using 

oxen, and an inadequate farm structure; in northern Nigeria the market syste% 

may accomodate surplus production but the transition from hand- to animal
powered agriculture is unlikely to occur easily or naturally, and social
 

factors exist which disfavor the use of animals for power. For these reasons,
 
consideration also should be given to the possibility of Introducing new 
commercial enterprises into these localities. In this way an economic cata
lyst can be fostered to facilitate the development of economic infrastructure
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and offer alternative employment in areas of apparent static equilibrium.
 
The general economic framework of the Chilalo Awraja of Ethiopia already
 

contains the rudiments of a market economy. 
The utilization of a sophisticated
 
mechanization and the potential for increasing production 
are likely to force
 
a commei-urate balance in development of infrastructure and marketing facili
ties, provided economic development is allowed to continue. 
The area is ideally 
suited for experimentation and development of engine-powered technology, a; 
though animal power prevails. 
Export potential at present is approximately
 
equal to imports into the area. 
 Thus, increases in surplus production may have
 
to be channelled into new enterprises in the area such as milk and beef produc
tion and other animal enterprises to consume grain surpluses.
 

The case in Zuarungu, Ghana represents one in which further expansion is
 
unlikely until additional power can be employed. 
Oxen are being accepted slowly
 
and yet the general economic framework of existing markets and communication
 
facilities could support technological improvement. Both expeuniexntton and
 

tn.ng 6acitie&6o% oxen ultivationtechnique.6 a.e kequied, a6huming
 
that unfavo,,able ocLolgica, p.obleJ6 can 
be ouecome. 

The Tanzanian experience demonstrates the need to develop a general eco
nomic framework to support the use of arimal-powered technology where engine
;Nwered technology has generally proved to be uneconomical.
 

The two Ethiopian cases of commercial agriculture are fully integrated 
into a market economy and, ceA" paAabu, 
output wili be directed by market
 
price fluctuations. 
In both Tendaho Plantations and the Setit-Humera area,
 
engine-powered technology is appropriate to 
the economy of operation and the
 
systems have led to substantial employment of hand labor. 
Export potential in
 
both cases is essential. 
For the general economy of the country, g4eateA
 
bene it6 may be de'Lved 6,tom &ge-4ca.e mechanized a,,nt.ng i6 an integruted 
agLcuftuat polcy can be deuelopad to 6acittate exporting -igh quality 
poduct, into the woAtd mawJzet, and ma~keting indedor product6 domeALccattj. 

The Middle Awash Settlement Scheme has been based on a sound market
 
for cotton. 
The quality of land and the area available appears suitable for
 
development of engine-powered agriculture, supplemented with hand labor.
 
During the development period, contentions with local inhabitants have been
 
minor. Greater difficulties are likely to emerge from a general scarcity of
 
diligent field workers, frustrations of local management, and financial dif
ficulties of meeting budget commitments.
 

Appropriateness of the Mechanization Level 
in Relation to the Local Economy 

Appuoptatene a 6 'elated to the acdevable level o6 management by 
6aAmena (with exten6Zon wAhtance, i6 nectAzay) i2nan agticLtt8ut hyatem. 
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For large comercial enterprises a sophisticated level of engine-powered mech

anization is appropriate, but concomitant elements of intensive management 
are 
necessary along with supportive infrastructure and substantial markets. 

This level of mechanization may be introduced by A cc~erclal enterprise
 
which can remain fairly isolated from the surrounding economy. An attempt
 
to introduce a new level of mechanization into an already established system
 

is represented in 
the situation faced by the CADU operation it&Ethiopia, the
 
Christian Service Com;:Ittee in Ghana and the operation of tractor-hire services
 
in several different countries. This form of development has to begil: with
 

a general assessment of the system's potential and the additional factors to
 
be grafted into the system before the new level of mechanized technology will
 
be appropriate. Such an assessment requires careful appraisal 
of local Infra

structure, extension and training facilities, and the managerial potential of
 
local farmers. Compensatory factors can be introduced into the system where
 
inadequacies exist, such as training and extension facilities where farmers'
 

educational levels, repair and maintenance services, credit and market facil

ities are generally inadequate.
 

Impact of Infrastructure on the Local Economy
 

The infrastructure serving the local industry has also an important impact
 
on the overall organization of the local economy. 
 A certain minimum infra
structure usually is a prerequisite to a new level of technology and the exist
ing infrastructure has 
to be expanded to permit the economy to develop. It
 
att cue he in6aht~uutme ha an impoLant 6econdatu e66ect on the actviateh 

o6 te LocaL economy. 

Roads and railways have obvious impact on 
the local economy. Experimen

tation and dissemination of technical knowledge from locally established research 
stations and local schools has a profound effect on developing the potentials
 
of an area. 
 Repair and maintenance services, established as a functional part
 
of a large organization, have a similar effect since they also can serve the
 
local economy. In small-scale animal-powered and hand-powered economies, where
 
local accumulations of capital are very small, the Infrastructure must be im
proved by outside organizations. 
In those areas which already have a rudimen
tary infrastructure, such as 
in the Chilalo Awraja in Ethiopia and the village
 

economy of northern Nigeria, Improvement in the infrastructure may lead to
 
rapid development of the local economy and stimulation of local innovation.
 

Large-scale operations require an infrastructure which automatically serves
 
the locality. Teaching and training facilities established by the operntion
 

also function as a reservoir of local technical expertise. 

2-449
 



Lack of credit and banking facilities appear almost universally through

out Equatorial Africa to be severe 
restraints on economic development. In
 

Setit-Hera, EthiopLe. 1ck of credit and the exacting requirements for col

lateral are the most serious of farmers' problems. In haud-powered and ani
mal-powered systems, lack of credit prohibits even the simplest innovation, 

despite the farmers' appreciation of the Innovation's significance. Large
 

comercial organizations, able to raise funds on the 
local and international
 

stock exchanges, can experience constraints to their preferred rate of expansion
 

through the lack of ready capital.
 

Large-scale Operations as Employment Generators
 

Involvement of people in the monetized system is 
a major factor in ex

panding the economic base of a country. LaAge-aca e engine-powe ed commAtciat
 
opemoona can make a paIticuta conbution to Aazi emptoyment. The 
employment of a large labor force at certain periods of the year has important
 

economic ramifications in the financial stimulus such an operation can give to
 

the local economy.
 

The Importance of Size
 

Expanding agricultural production is an entrepreneurial function which
 

calls for innovation in both the production function 
(i.e. new inputs and tech

nology) and management. SmaUJea in 6tze o6 opeAne opheAbeeni ob6eAued to
 
be a t.imting 6ac.oA to Vie 6cope 6oA mecdhization; yet to enlarge an opera
tion neceqsitates not only an outlet for increased production, but also greater
 

management skills. Size and fragmentation frequently act together as 
con

straints. Farm structure is determined by a variety of sociological and eco

nomic factors which cannot be ignored in considering the scope for nechaniza

tion In any given system. 

In hand-labor economies the latitude for experimentation is extremely 

limited. Therefore, attempts to innovate ate u.e; expAi.nen.ation and the 
demonatwtaon o6 4eAuUW ha6. 6atUen nece6aA~ity in~to the ptovice o6 exteAnaL 

JeJcieh. The ability with which these organizations (extension -ervices,
 

training institutions and local commercial enterprises) arc able to win the
 
interest and confidence of local farmers can have considerable Influince on
 
the scope for mechanization in sall-scale hand-labor economies. 

There is m)re scope for small entrepreneurs to innovate in animal-powered 

systems. In..eed, this is the main objective of extension services in holding 
demonstrations of new farming techniques, such as the use of new equipment, 
seeds, fertilizers, on successful farms. Here again, however, genuine inno
vation is largely undertaken by external agzncies. Small farmers operating
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at the levels of Chilalo Awraja, Ethiopia, Zuarungu, Ghana, and in the northern
 

Nigerian village lack economic freedom to experiment.
 

In commercial enterprises the entrepreneur and the innovator are often
 

the same individuals although they may differ organically in different situ

ations, as in the two Ethiopian cases. Tendaho Plantations represents a sys

tem in which management is responsible for innovations to exploit the economic
 

situation. However, In Setit-Humero, the original innovations of the area were
 

introduced by the individual farmers; and the area is currently in need of more
 
innovations to build an adequate infrastructure for the present level of devel

opment.
 

Large-scale commercial farming systems expect to gain from potential 
eco

nomies of scale. The individual small fsrmer in the vicinity of the Tendaho
 

Plantations Is not 
in a position to develop economies of scale. The cotton
 

market is sufficiently buoyant to support the development of 
a large-scale
 

operation, hence, the Tendaho management is in a strong position to create the
 

necessary infrastructure.
 

Economies of scale also underlie the 
success of settlement schemes, trac

tor-hire services and the block farm schemes. 
 The principal objective of all
 

these types of operation is to provide engine power in an essentially hand
powered system, to remove labor bottlenecks and bring Into production land too
 

difficult for hand or animal power.
 

Agricultural mechanization in the context of abundant hand labor can 
create
 

conflict. 
On the one hand, developing economies need new opportunities for
 
employment; this can be achieved by mechanizing some of the productive processes
 

and employing hand labor extensively at certain seasons. On the other hand,
 

failure to completely mechanize the productive rrocess tends to underutilize
 

the full potentials of engine power, and underexplolt potential economies of
 

scale.
 

Econom4.e o6 acate c.~e etu~ive 6aectou. 1;..:y may be the undeAtying bosc. 
oS aucceh6 but they cannot be %eatizedwithout intenive, wet-t aioned manage

ment. 

.ifferentiated Approach to Improved Technology
 

De Wilde raised the Important issue that several approaches to economic 

development may be appropriate in any one area. Local farmers can be involved
 

simultaneously in different levels of development according to 
their faclli

ties and level of understanding.19 A fairly sophisticated develniment scheme
 

may be appropriate to develop infrastructure in an area, whJle the local
 

farmers also may be involved in a less sophisticated program. Chilalo Awraja
 

19De Wilde, op. ci.., p. 441. 
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is an example of a differentiated approach; the CADU program has attempted
 

simultaneously to introduce engine-powered technology and to improve the ex

tant animal-powered technology.
 

Factors Favoring and Limiting Mechanization
 

Certain factors in the mechanization process are specifically relevant
 

factors have general
to each of the levels from hand to engine power, but most 


a factor has one effect and its
relevance. In many cases the presence of 


All the factors tend to be interrelated; the
absence has the opposite effect. 


effect of any one factor can only be determined in relation to the presence or
 

absence of several others.
 

pelationship of Costs and Returns
 

Mechanization of agricultural technology must also be accompanied by an
 

increase in returns to cover any increased costs. Improved technology should
 

raise agricultural productivity; the economic system should be capable of
 

absorbing it. Increasing agricultural productivity involves any one or a com

bination of technical factors which raise yields and reduce production costs.
 

The surpluP has to be disposed of in a way that acts as an incentive to the
 

farmer to increase his output. Thus, ViJ2 mechanization poceaa imdeU.tq 

'tequi~e~A ptoune. to take Vie macno-econorZc.pwtbteni o6 eddeutve deimand itao 

accowit. IJ e66ective demand i inadequate, tha'e i no inenfltive 6o't the 

6awne)t to .i CAeoe p'wducion. Market channels and economic infrastructure 
20
 

are vital considerations in any proposals to change levels of mechanization.
 

20
 
1n the Third Five Year Development Plan of Ethiopia. the Imperial
 

Ethiopian Government specifically states that the development of commercial
 

agriculture is the only way to produce quick increases in agricultural ex

ports and that it is from this more dynamic sector that rapid gains might be
 

expected. With this in mind, tht Agricultural Division of USAID/Ethiopis
 

has prepared a farm development project for the Shashamanne area in the 
extreme south of Arussi Province and the northern part of Sidamo Province. 

The long-term objective is to involve vedim- and small-sized farmers in
 

a system of commercial farming based on a market economy. Facilities are
 

to be created for the intruduction of appropriate machinery into the area 

although mechanization is not, peA Ae, the objective of the project. The
 

heart of the project is provision of supervised credit to be used for the
 

purchase of farm machinery, tools, fertilizer, chemical and improved seed.
 

The Ethiopian Grain Corporation is expected to establish a marketing
 

and storage facility in this area to handle increases in production. Crop

ping patterns are designed to avoid overproduction of any comodity which
 

would tend to overload the potential market. The largest relative increase
 

is planned for the area of haricot beans because of strong demand on the
 

world market. However, the project stands or falls on the establishment
 

of an adequate market for the substantial increase in maize production which
 

is planned since this is the principal crop to be grown.
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Management Skills
 

Raising the level of mechanization necessitates both a more sophisticated
 

level of management and more modern inputs; with animal- and engine-powered
 

farming the availability of these factors becomes much more critical. The
 

leveL o6 6aamen' education iA a c'ticat 6aCtO4 in the type o6 mechd nzation 
ivct .heycan handte. Compeatiaonh 6o)t 6ome inadequaciei can be irtwduced 

hwuglh an eddectve exten4ion AeAvice. In the hand- and animal-powered sys

tems, extension officers become involved deeply in local leadership and tech

nical innovation. Local extension agents should be vigilant to identify local
 

potential innovators who can play a lead in development of their area.
 

Thus, demands for greater management ability are bound up in education,
 

training and educational achievement of leading individuals. The presence
 

of good local training facilities and schools becomes increasingly important
 

as the level of mechanization becomes more sophisticated, otherwise, techni

cians and managers must be brought in from outside. The system of education
 

in a rural area can ive a profound influence on future development through
 

teachers' attitude and the general orientation of the curriculum. A bias in
 

the curriculum toward urbanized society and its cultural interests, at present
 

frequently observed in rural African schools, is not conducive to maintaining
 

gifted young peoples' interests in the potential prosperity of the rural soci

ety in which they were raised. Cu/,Acuda 06 u ciootA, and ap.c utwatuut 

t4aininng acJho0L uaUa.Lty e~tabtZhed 6o4 moue h6eIioyL at:dents and adutt educa
tion, ahotd inctude intee nn couu 4eeevat toIa he tocat economy; 1t46 

4equiAeh achoot 6acu.tie.6 wtihd aJto have a genuine. in~e.tel in numat develop

ment. 

Availability of Modern Inputs
 

The necessity of obtaining modern inputs easily and promptly becomes in

creasingly important. Timeliness of cultivation and heavy overhead costs mak.:
 

availability of supplies more critical. Thus, supportive infrastructure must
 

be adequate for the level of development. Repair. maintenance, and fuel supply
 

services are a necessity with engine-powered agriculture; inadequate credit
 

facilities seriously inhibit large-scale operations; a critical shortage of
 

local hand labor renders impossible a partially engine-povercd system; inade

quate road tran.:port and communications make haulage of produce extremely ex

pensive; insaequ.te extension advisory services lead to failurn to exploit the 

local agricultural potential and to obtain optimum service from agricultural 

equipment; the absence of adequate research facilities leads to insufficient 

technical information on which to base extension service recommendations.
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Large-scale Economic Catalysts 

LaAe-acate commeAcit opeAa.iona 6Auquejtt have been teLeAud to ah 
potentiat economic catat.jU 6o4 devetopment since they can stimulate the 

development of a local infrastructure. Gradually smaller, less mechanized 

agricultural systems will orient their production tovard a market. 
 Th/i.
 

6oum o6 8tJ'mYuh, howeveA, i4 onty tiketJ to meet with auccehh i6 a p'op
eAty &66eAenated appioach . adapted. Without positive effort to im
prove indigenous agriculture near a large-scale commercisl operation, the
 
tocal and the commeecioa economy cmn co-exzut i.ndein.tay, each having titte
 
impact on the otheA.
 

Farm Structure 

Farm structure remains as a significant factor in potential development. 
The farms of hand-labor economies frequently are too small and too fragmented 

to facilitate the economical employment of tools at another level of mechani

zation. Indeexibitiy o6 6ae 4tuctUe aid taoad-tenwte a .ngenent6 ..mcan 

poae aeaiouh cottaint.. 

Local-based Adaptive Research and Demonstration 

In areas of predominantly hand-labor and animal-povered economies, any
 

innovation in the use of tools, equipment and cultivation practices should be
 

based on local adaptive research. CouUe n1 t diing intitaUon6, achoo. 

and 6a~m demon~tAaoio ahoutd be p'v*Aented in te'wt o6 'te6eAence 6oa'Z'U a 
and neteveint to t:he locat aituation. Despite the general applicability 

of much agricultural research in both agronomy and mechanization, locaL 
adaptive 4.aeanch 6houtd be vety 6peciic in attempting to aotve toca ag.i

cauuk'at p'tbtm. 

Lack of Monetization
 

A majo4 timZtng 6aco o6 technotog.cat devetopmenvt in hand-tabolt eco
norne. iA tack o6 monetization. Honey is the medium by vhich any economy 

develops into an integrated market system. A hand-labor economy cannot dis

pose of surplus production if the concept and use of money has not been incor

porated into the economic thinking of the people.
 

Adequate effective demand Is vital to development in Equatorial Africa.
 

Without an adequate market it iR Impossible to effect a program of mechaniza

tion vith any reasonable expectation of success. E66ective demand uequiteA 

e66ec.tive a ticut.tion o6 the economy be. Oeen poducea and conawe and a 
6unctiona medium o6 exchaMne. Technological development in agriculture can 
proceed only as the economic bsse of the country is expanded to draw more of 

the entire nation into the monetized economy. 
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Associated Social Factors
 

Local prejudices, preferences and attitudes are frequently found to in

hibit certain kinds of technological development. A64oc.ated 6ociaL dac.tou 

ahou.d be lecognized, undeAstood in the aocio1 conex o the a~ea, and in-

Coipo u ted into devetonent paowqua a6 Aetevant va.iabtea atong waid the 

comptex 06 tedno.ogicat and economec actou. A program of technological 

improvement has more likelihood of success when recognition of social attitudes
 

is built into the plan: those atzitudes being acknowledged as a reality in
 

the lives of the people Involved.
 

Conclusion: Role of Mechanization in Agricultural
 

Development of Equatorial Africa
 

Introducing improved technology and mechanization into present farming
 

systems involves a complex of Interrelated factors which separately or together
 

can favor or limit the process. It is a task of major importance to determine
 

which are the relevant factors in each specific case. Not all factors In

cluded in this discussion are relevant to every case and levels of importance
 

will vary.
 

Te broad spectrum of factors indicates the extent of necessary expen

diture which can be required for a completely integrated development program.
 

Underwriting the cost of such a program becomes a heavy burden on sponsoring
 

authorities a,idfavors fairly concentrated well-integrated programs with a
 

complete "package-deal" approach over a relatively long period of tim-t, in
 

contrast to relatively short-term highly specialized programs.
 

In most African situations there is no advantage, at present, in using a
 

mechsnized technology to substitute for abundant labor. When labor bottle

necks appear at periods in the crop calendar, mechanization can overcome tem

porary labor shortages. Where marginal costs of increasing land productivity
 

are less than marginal costs of clearing new land, for a given output, mech

anization can be used as a substitute for land.
 

Added power, however, increases productivity only in combination with
 

other inputs. Mechanized technology makes economies of scale more readily
 

attainable, thereby reducing unit costs of production; it can improve quality
 

and timeliness of cultivation practices and lead to yield improvements. Other
 

inputs also are directly responsible for Improving production. Mechanization,
 

especially at the level of engine-powered technology, can be achieved only in
 

the context of a comercial agriculture in which farmers' management skills
 

21 

are well-developed. Through the management function the role of mechanization 

21
Rolhoff recoemends that no attempt should be made to introduce a form of
 

mechanized (tractorized) technology unless farmers are inclined toward a form
 

of business farming and have developed adequate levels of management ability.
 

W.H. Boshoff, "Farming Systera in Africa: Mechanization of Agriculture",
 

A9aicuttut Rueeach Pio itea 6o4 Economic Veeopwent in A644ca, Vol. III 
(Wshinton, D.C.: National Academy of Sciences, 1969). 
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is related to other factors in the production function.
 

Operation of the factors which favor and limit mechanization in the con

text of the agricultural system must be understood. Adequate technical infor

mation is vital to operetion of different types of equipment at different levels
 

of mechanization. A6 one 6acto)o in combina.on wit ot.u, mechani.zation ha6 
a paaicu.t ptace in the oideA 06 pio~itJi. 6oA devetoping di dAent 4y6em 

od agticuttuee. The pioit y 6o't mechanization 6tuque yj i not o6 the 6At 
oAeA. 

In the development of Equatorial African agriculture the role of mechani

zation should be carefully assessed. There is need for a functional research
 

facility able to achieve the following objectives:
 

1. To disseminate relevant technical information on types of agrl..ltural
 

mechanization; this will assist local, regional and national planners to under

stand the technical probles involved in operating agricultural equipment and
 

the role which mechanization plays in a given situation.
 

2. To determine an order of priorities for research relative to a given
 

program of development, and thus the order of importance that research into
 

mechanization problems should have.
 

3. To assist research conducted by national research institutions to gen

erate relevant scientific data which is necessary for improvement of national
 

farming systems with mechanical assistance.
 

4. To coordinate research work so that relevant data are made available
 

to different regions with similar environmental conditions.
 

5. To conduct research in mechanical handling, storage, processing and
 

transportation of specific marketable agricultural produce.
 

The Recomendations and Guidelines in Part One are intended to suggest
 

how these objectives can be achieved. The role of mechanization has been con

strued in terms of technological research at both the regional and national 

level. Regional cooperation in research may be beneficial in countries faced 

with similar agricultural problems and having similar ecological environments. 

Much agricultural research, however, is very specific only to limited geograph

ical areas. Therefore, although regional cooperation and the regional dissemi

nation of research findings can be mutually beneficial, such proposals must be
 

based on the sound operation and cooperation of national research facilities.
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APPENDIX I 

COMMON AND SCIENTIFLC NAMES OF PLANTS 

Common Name Scientific Name 

Voandze.a 6ubtemtaneaBEmbara nuts (beans) 

Bamboo 
family of Gwarneae and more 
than 14 genera. At least 2 AMutndna-ta species and
 

genera have been reported in Vendiwci tm"u6 species
 

Africa
 

Mu&a anensiA 

Barley Ho4dewIu species 

Banana 

Bean, broad Vicia 6aba
 

Bean, haricot Phaxeotu6 vu.gOaA.
 

A&=CAAPU6 comfwtiABreadfruit 

Vic.ia 6aba 

Cacao (Cocoa) Theoboma cacao 

Broad bean 

Anacimditm occides."ae 

Cassava Mojuihot uU4.Laa 

Cashew nut 

connwHARiiu .Castor 

Cice4 a tetnunChick-pea 

Chillies (peppers) Cap6iacn eutuum
 

Citrus 
 C.UAwu species 

Cocoa nuc e.AaCoconut 

X an,tho6oma oaa ifoUjUa and 

(arum) (dasheen) Cotocahoa ea.utenta 

Co66ea oa bc.n and C 'wbuh.ta 

Cocoyam (taro) 

Coffee 


Congo jute Utena tobata
 

Corn (maize) Ze.a maya
 

Cotton Go66yjiun abotu'w
 
G. heAbacew, G. 1".&, 
and G. baAbadenme 

Corpes Vna neni 

A MnondUtiCutCustard-apple 
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Common Name Scientific Name
 

Elephantgrass (napiergrass) Penn.Le.m pwtpwtewrn 

Ensat (ensete, plantain) Enete. eduLe 

Ensete (ensat, plantain) Enaete edute 

Fig FicuA species 

Flax (linseed) Linwn usita66ibmn 

Ginger Zing.be ogicinoLe 

Groundnut (peanut) AMzchi6 hypogea 

Guava PN.daum species 

Guineacorn Souhun guineehe 

Horse bean V.cia 6aba 

Hyparrhenia Hypakent.a diou.ta or 

H. /tuda 

Jackfruit AocapLu6 i.t.efitiota 

Jujube Zizyphua jujuba or Z. vudgaA, 
or Z. Mau,,.tiana 

Jute CoudlOhUi capsutw and 
C. Oe&oIL( 

Jute, Congo UAena toboaa 

Kapok Ceiba pntanbdut and 
Bombox species 

Kenaf (rama) (mesta) HibZ~cuh cannabinu6 

Kikuyugrass Penniaeturn ctande6.tnum 

Kola nut (cola nut) Co.a acurmnita, C. ve.tLU.eata, 
and C. nitida 

Kudzu, tropical Pue.A.aka phabeotoides 

Lentil Lena acutenta 

Linseed (flax) Linum u6 tati4amwn 

Maize (corn) Zea maaJ6 

Mango Mar.gZ~e~a indica 

Melon CituUu6 vuL.. AL 

Millet, African E~eusne coAucana 

Millet, pearl (cool) PeJnwAetwn gZucwn (formerly known as 
PennR6Pet typhoi.dem and P. Ahpcatm) 
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Common Name Scientific Name 

Holassesgrass Metin.Z Znutn i0 

Niger (nug) Gaizot.a oaby6,divca 

Nug (niger) Gui.zot a abys6aiLnca 

Okra (Okro) H Uizcu e £tntus 

Oi palm Et.eAi6 gufleth.4 

Pangolagrass Vig JaLa deeumbenz 

Papaya (pawpaw) CaoJca papaya 

Paragrass Pancwii pWtpWa cena 

Pawpaw (papaya) Cawca papai a 

Pea P6um 6ativwn 

Peanut (groundnut) AiLach" hypogen 

Pearl millet (coos, PeniZtetwn g~tucwn or 
P. typhoi.deun 

Pepper, red (chillie ) Cap6icw annuwn 

Pineapple Auana6 4ativa and A. comoaub 

Potato SoL=um .tu.e.wzwn 

Pyrethrum PythAuw or 

Chqaanthemwn &ineuiniae~otiwn 

Red pepper Cap&Zcwi, ann~wn nnd C. e64tte..c 

RIhodesgrass ChWo,'d gayJ)t. 

Rice Oi'uza .6ativa 

Rubber Heuea bAaz..en.. 

Sunflower Hei.antituz annuu6 

Speargrass Impe4ata cyUndLca 

Safflower CcAtamnu6 .tncto us 

Sesame (benniseed) Sezamwn indtcwn 

Shea butter tree Butyo.pewumo paJU.Z 

Sisal Agave .6i4atana 

Sorghum, grain Soaghwn vutga4e 

Soybean (soya bean) Gkcine Aoja 
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